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STELLINGEN
behorende bij het proefschrift

A prospective cohort study on diet and cancer in the Netherlands

Piet van den Brandt, 28 jantari 1993

Een voorwaarde voor het uitvoeren van een landelijk prospectief cohortonderzoek
naar de oorzaken van kanker is de aanwezigheid van e"n kankerregistratie.

De consumptie van voedingsvet is minder sterk gerelateerd aan het risico op
borstkanker dan eerder is verondersteld op grond vaî patient-controleonderzoek.

Het sporenelement selenium biedt een mogelijk beschermende werking tegen aanroken gerelateerde kankervormen zoals lõng- en maagkanker, maai nie-t tegen
borst- of darmkanker.

De tevinding dat roken geassocieerd is met een 10 keer zo hoog risico op rong-
kanker mag-dan wel geen nieuws zijn,het biedt echter nog artijd"de meest bruik-
bare boodschap voor kankerpreventià.

Aan het uitvoeren van prospectief cohortonderzoek kleven veel risico,s. Eén van
de weinige zekerheden is dat 3,3 jaar follow-up als (te) kort ervaren wordt.

Het gebruik van 'biomerkers' van vroege biologische effecten
zou pas echt gestimuleerd worden door ondðrzoek naar de
van dergelijke biomerkers voor het ontstaan van ziekte.

De waag of diermodellen in de carcinogenese relevant zijn voor kanker bij de
mens is alleen te beantwoorden indien ei goede gegevens äver carcinog"o"r" b¡
de mens bestaan.
(W.C. llilleu, NutriÍional Epidemblog, 1990)

In wetenschappelijk onderzoek vonnen effecten van gecombineerde blootstellin-
gen een onderbelicht onderwerp.

De kwaliteit v¿n het openbaar vervoer is wellicht af te meten aan het feit dat men
vooral bij bushokjes en op stations affiches aantreft met de tekst "Moeken is aan-
geleerd".

A nutritional epidemiologist is someone broken down by age, sex and ability to
recall his habits.

1.

,)

J.

4.

5.

6.

7.

in de epidemiologie
predictieve waarde

8.

9.

10.

11. Publish the least publishable unit or perish.



1.

)

3.

4.

5.

STELLINGEN
behorende bij het proefschrift

A prospective cohort study on diet and cancer in the Netherlands

Sandra Bausch-Goldbohm, 28 januari 1993

Ondanks de recent gebleken "vervuiling" van de gemeentelijke bevolkingsregisters
zijn deze uitstekend geschikt als basis voor epidemiologisch cohortonderzoek.

Als nitrosaminen inderdaad een oorzaak vonnen voor het ontstaan van

(rectum)kanker bij de mens, zou een wereldwijde historische inventarisatie van

bereidingsmethoden van mout in de bierbrouwerij hiervoor de onderbouwing
kunnen geven.

Men kan de boterham beter besmeren dan beleggen.

Het uittesten van methoden op kleine schaal geeft slechts inzicht in een fractie
van de problemen die zichtbaar worden bij grootschalige toepassing.

Het verbod van sommige epidemiologische tijdschriften om deelnemers aan een

onderzoek in de "Acknowledgements" te bedanken duidt op miskenning van de
fundamenten van epidemiologisch onderzoek.

Het wachten op resultaten uit een prospectief cohortonderzoek is moeilijker voor
werkgevers, subsidiegevers en de media dan voor de betrokken onderzoekers.

Vergelijkbare onderzoeken behoeven geen vergelijkbare resultaten op te leveren
zo lang het oorzakelijke agens niet precies bekend is.

Een goed epidemioloog is iemand die - in het besef dat de waarneming een zwak-
ke afspiegeling is van de werkelijkheid - er het beste van weet te maken.

Om geen onjuiste verwachtingen te wekken zou het Praeventiefonds zijn naam
dienen te wijzigen in "Interventiefonds"; in dat geval zou daarnaast een "Cohort-
fonds" op zijn plaats zijn.

De negatieve houding van werkgevers ten aanzien van werken in deeltijd leidt tot
uitstel van het krijgen van kinderen waardoor niet alleen het aantal meerling-
geboortes maar ook de borstkankerincidentie aanzienlijk stijgt.

De / 1,5 miljard bestemd voor de rivierdijkverzwaringen dient besteed te worden
aan het verdiept aanleggen van de Betuwelijn ter voorkoming van een dubbele
aanslag op de Betuwe.
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Chapter L

Introduction

Bacþround

In the early 1980s the Dutch Cancer Society decided to stimulate the development
of expertise in epidemiolory, in particular cancer epidemiology, which was at thai time
pursued by a few scientists only. The Society put ihis decisiãn into practice by taking
the two following measures: (a) two-year feilòwships were awardea to post-jr"J;;
scientists in order to receive_ a training .in epidômiology and (b) epìdemiol"gt;;i
research projects were ranked_ high in priority foì funaing 

-Uy 
the Sàciery. Without"this

policy of the Dutch Cancer Society there would not haie t""o u "Duích protp""tl*
cohort study on diet and cancer".

{he thrge epidemiologists who initiated the cohort study (p.A.v.d.B., R.A.B.
together with Pieter van 't veer of the TNo-Toxicology and Ñutrìtioo rnstiíutej had
many things in common: ¿ll had graduated in human núirition, were very interesíed in
epidemiology, were a1a1de{ a1_ep]{gmiology fenowship by the Dutch clncer Society,
went to the Harvard School of Public Health (Boston, uSe¡ tor a formal training ín
epidemiolog¡1, and, last but not least, were suppòsed to write'each a grant proposal fora cancer epidemiology project during the seõõnd year of their respãctiv"'f"Uio*tfripr.
Not surprisingly, the potential objectives of the grant proposãh concerned tn"
hypothesized (1) relation between dietary habits and sfecific tonrorr, to be investigatJin separate case-control studies. It soon became clear, however, that here wai the
opportunity to combine efforts and write a joint grant proposal for a prospective cohort
study in which the association of dietary habits with various types of cancer could be
investigated simultaneously. Allhough prospective studies u."'äko preferred to case-
control studies in order to avoid biases - in particular information (iecall) bias, which
hampers inference from dietary case-control it,dies -, only very few of such studies ondiet and cancer were being conducted at that time. The r"ut"ity of prospective cohort
studies is caused Uy th," logistic and financial ,constraints resulting t-. ttt" l-g";i;
required for these studies and-by the long f9ll9w;up period. Thã ongoing largË-scale
prospective studies on diet and cancer included fivè American studiJs: tñe Aãventist
Health Study (34,000 men a1d__wo-1en) (z), the New york State cohorr (5g,000 ;;;
and women) (3), the Nurses' Health study (9s,000 women) (4), the canâdian Breast
cancer screening study (57,000 women) (f, ìhe cancer próu"ìíion study II (1,200,0òõ
men and women)_ (6) and one Japanese Study (265,000 men and *oåen¡'(D *;
Japanese study and the Cancer Prevention Study hàve used very brief questioíoàií", ro,the assessment of dietary habits at baseline, *hereas the othei studies have used more
extensive methods. A prospective study in the Netherlands among a population
different from that in the other studiei, with different lifestyle uoi al"tåty habits,
assessed by a more detailed instrument, would contribute substantially to thÉinterpretation of the results originating from epidemiological diet and cancer studies.

Scope

This thesis describes- the methodological and feasibility aspects of the prospective
cohort study on diet and cancer that we have designea ai¿ subsequently cärriËd out.
The purpose of this study is to test various existing-hypotheses in the fieid of diet and
cancer. Our initial interest is in cancers of the stomaih, colon, rectum, breast and hn!



because of their suspected relationship with diet and because of their relatively high
incidence. The primary goal of the study is to investigate the associations between fats,
vitamins (4, C, carotene), fiber, alcohol, selenium, nitrate, sodium and calcium on the
development of gastric, colorectal, breast and lung tumors (8,9). Besides nutrients we
are also interested in associations with particular foods (e.g., meat, alcoholic beverages)
and dietary patterns. While the scope of this thesis is to describe how the study was
designed and conducted, we also present results on the first etiological analyses to
illustrate what can and what cannot (yet) be done with the data accumulating from the
study. For this purpose, we decided to test some prominent hypotheses. These relate to
the intake of fat and meat and risk of breast and colorectal cancer, and to alcohol
intake and colorectal cancer risk. An illustration of how the cohort study can be used to
investigate whether detection or ascertainment bias can explain particular associations
found in case*control studies is presented with the analysis of cholecystectomy and
colorectal cancer. Finally, we present results regarding selenium status and the risk of
lung, gastrointestinal and breast cancer. This is to illustrate a distinct advantage of a
cohort study, namely that the association with a particular risk factor can be evaluated
for several cancer sites simultaneously.

Design and follow-up

If it were to be a prospective study, we absolutely required it to be a large-scale
study for two reasons: (a) the power should be large enough to detect moderately
increased relative risks (e.g., between 1.5 and 2.0) and to study modification of the
relative risks by other factors and (b) this power should be achieved in a relatively short
follow-up time (i.e. five years) for the most common types of cancers (gastrointestinal,
breast and lung). We considered the short follow-up period important because of the
expected difficulties in raising funds for a study of very long duration and in view of the
risk that hypotheses might be outdated by the end of the study. At the other hand, it
was also very clear that it had to be a relatively low-cost study, since funds in the
Netherlands are limited. We found the potential solution to this apparent paradox by
designing an efficient study. For example, application of the case-cohort approach
(10,11), in which data are processed for cases and a random sample of the cohort only,
would save approximately 907o of the variable processing costs, but lose only a limited
amount of information. The most efficiency-enhancing features, however, were the use
of existing, computerized data bases for cohort recruitment (municipal population
registries) and follow-up (cancer registries). Sampling of potential cohort members from
the population registries, which was permitted for scientific purposes, provided the
opportunity to select the required age group (55-69 year) and receive their - correct -
identifying information in machine-readable form. The elaboration of the study design
is described in Chapter 2.

After a grant had been awarded for a two-year pilot study (L984 and L985), one of
the major problems we faced was the follow-up by cancer registries. From the beginning
of the 1980s, the cancer registries were in the process of starting up. Although they
were meant to cover the entire country in a few years' time, it was by no means certain
that they would achieve their aim in time. We decided to rule out chance by (a) using
PALGA a computerized data base of pathology reports, as an additional source from
which cancer cases arising in the cohort could be identified and (b) restricting cohort
recruitment to those areas that were already covered by the ìáncer regiJtries or
PALGA near the end of 1985. Chapter 3 deals with the method we devised to define
the degree of coverage of each municipality by either a cancer registry or pALGA.
Having decided to recruit the cohort in the municipalities that were sufficiently covered



by PALGA and/or the cancer registries, the procedure how to actually link a cohort
prospectively to these disease registers still needed to be worked out. Unlike the
situation in, for example, Scandinavian countries where such a linkage can be conducted
using a unique personal identification number, a linkage in the Netherlands had to be
based on other (non-unique) personal identifying information like family name and date
of birth. In collaboration with the regional IKL cancer registry, we developed a record
linkage protocol which has consequentþ been adopted by the other cancer registries
1od PALGA. chapter 4 describes the development of the protocol uoä the
determination of the optimal linkage key.

Assessment of exposure

A prerequisite of a large-scale, low-cost study was, of course, an efficient method to
measure 

"ry9:t9 
(dietary habits) and potential confounders. Guided by the example of

the Nurses' Health Study in the USAe the most sophisticated large-scale prospective
¡tu{v on several types of exposure including dietary habiæ and a n:umber oi oui"o-",
including cancer, we decided to use a mailed, seE-ãdministered questionnaire. A 'semi-
quantitative food frequency questionnaire' (12) was the onÇ method of dietary
assessment that promised to be both efficient and sufficientþ valid. This type of
questionnaire can be viewed as the synthesis of the concãpts common â.oog
epidemiologists and those that used to prevail among nutritionists. The classic 'nutritioi
school' has long considered. the many-day dietary record method and the comprehensive
dietary history interview (13)_ as the only acceptable methods of individual dietary
assessment, although the need for short-cut, but accurate methods was urgently feít
(14). However, shorter methods were shown to be less accurate in both an abãolutä and
a relative sense and thus often considered inadequate. Many epidemiologists, in the
early studies on dietary exposure and disease, tried to urr"s di"täry habitsiy ásking a
small number of questions about the consumption of specific foods without lnowleãge
of the predictive value of those questions with respéct to nutrient intake or othËr
hypotheses of interest (".q., l).As a result, etiological epidemiological studies used
either short methods of dubious or unknown validity or ãn ehboÍate assessment of
dietary habits, such as the dietary history, which was cónsequentþ restricted to relativeþ
small studies such as case-control studies (e.g., 15). rnè ureattnrough came wheí
epidemiologists adopted from nutritionists the notion that dietary assessment is a
complicated matter that requires a methodological approach, while nutritionists started
to tealae that absolute accuracy of a measuremeni method is not a prerequisite in
etiological research. A method that is sufficiently accurate in ranking stud^y subjects with
refpect to the exposure of interest should be acceptable for epidemiological pulposes
(12), that is, when its accuracy can be estimated from a vahdätion stuõy. rne lsemiquantitative) food frequency questionnaires were (and are) developed änd valùated
according to these acquired insights (e.g., 16-1g). chapter 5 áescribes how we
developed and validated our food le.qu9ncy questioníaire according to these principles.

In diet and cancer 
-1"f"u_t"!t 

it is important that dietary assesiment 
"orrãr, 

a long
geli_od preceding the clinical diagnosis of cancer (e.g., five to ten years). If dieør!
habits were very unstable within individuals, a singìe 

-assessment 
*orrl¿ nót suffice tå

cover such a long period. In Chapter 6 we investigated the stability of the dietary habits
in our cohort over a five-year period. For this purpose,.we annualþ repeated tne aieøry
questionnaire in random samples from the cohort during the firsi fivä years of follorJ-
up. The repeated measurements also give insight into the questionnãire,s test-retest
error, which, together with the results from the validation stuãy, informs us about the



size, type and possible consequences of the measurement error associated with the food
frequency questionnaire.

An aspect that is related to the quality of the dietary assessment technique is the
presence or absence of an actual exposure contrast between individuals in the study
population. In particular, it has been suggested (19,20) that for several dietary variables,
such as fat intake, Western populations are too homogeneous to reveal associations
with the risk of cancer. On the other hand, conducting a multinational prospective
cohort study in both developed and developing countries simultaneousþ may pose
severe logistic problems (".g., exposure assessment, follow-up possibilities,
standardization of methods) and consequentþ hamper interpretation of the results. We
attempted to enlarge the exposure contrast in our cohort by studying the general
population (as opposed to, for example, certain occupational groups), by recruiting the
cohort from all parts of the Netherlands (as opposed to recruitment in, for example,
one major city or region) and by recruitment of extra subjects with special dietary habits
(vegetarians). The advantages and disadvantages of this approach are described in
Chapter 2.

It has been suggested that the intake of particular nutrients is difficult to measure
(e.g., selenium, of which the content in foods varies considerably, depending on the soil
conditions (21-23)) and that therefore more use should be made of biological markers
of dietary exposure (20,24). What is often overlooked in this recommendation is that
the appropriate choice and use of biomarkers in a large epidemiological study can be
equally difficult. Biomarkers involving serum or urine measurements often reflect short-
term status rather than the etiologically more relevant long-term body status (12). This
would necessitate multiple exposure measurements which may be difficult to accomplish
in large-scale studies. Also, biomarkers that require invasive sampling techniques, such
as blood sampling, may pose logistic and response problems in a healthy population.
Other potential problems involve the requirement of specific transport and storage
conditions. With the usual budgetary constraints this may result in relatively small
cohorts being studied and consequently low power. A promising exception to this at the
start of our cohort study were toenail specimens, which can be collected by participants,
mailed, and stored under nonnal conditions (12,25). In our pilot study, the mailed
collection of toenail clippings turned out to be feasible in terms of sampling costs, effect
on response rate, transport and storage. We found a correlation of 0.57 between
selenium levels in toenails and erythrocytes, which is also a long-term marker of
selenium status (26). Chapter 7 describes a study on predictors of toenail selenium
levels and the association with dietary selenium intake.

A related study was carried out on the association between dietary nitrate intake
and nitrate levels in urine specimens. This is an illustration of another use of
biomarkers, namely for validating dietary intake measurements, if there is sufficient
reason to assume that the biomarker is more valid than dietary assessment. An
application with regard to nitrate is described in Chapter 8. Because this validation
study was conducted within an earlier cohort study, the relevant questions on nitrate
intake could be incorporated in our baseline questionnaire.
While the assessment of dietary exposure thus forms a challenge in itself, a
retrospective assessment may in addition be prone to information bias in case-control
studies. Dietary habits before the diagnosis of cancer may be recalled in a biased way
since cancer cases may be more aware of their diet than controls, thus influencing
recall, or because dietary habits may be altered due to the disease. For the same
reason, cross-sectional studies are generally considered to be inferior to longitudinal
studies. flowever, very few data exist to confirm this presumption. In Chapter 9, we
describe a study in which we compared results of a cross-sectional analysis of the
association between meat consumption and cancer with a longitudinal analysis.



Statistical analysis

A frequentþ used option to make efficient use of data collected in a cohort study is
to analyze the study with a nested case-control approach. This involves sampling of
control subjects out of the risk set whenever a case occurs. An alternative option ls to
use the case-cohort approach, in which a random subcohort is selected after ìhe cohort
baseline measurement, and which is used together with all emerging cases. An
important advantage of this approach is that the subcohort can be used-for multiple
endpoints and that exposure data can be processed in advance. However, when ïe
started the cohort study, there was no standard statistical software available for
analyzing case-cohort studies. The theoretical approach to these analyses was published
in_1988,(27). We developed methods for stratified and multivariate analyses of case-
cohort data. This is described in Chapter 10, where the methods are illustrated in the
analysis of the smokingJung cancer association in our cohort.

Results

In Chapters 17-17, results of the first analyses of the cohort study after 3.3 years of
follow-up (September 1986 - December 1989) are presented. As mentioned earlier,
several hypotheses were tested to illustrate applications of the cohort data. These
specific hypotheses were the following:

- The intake of total fat and various types of fat (saturated, monounsaturated and
poþnsaturated fat) is positively associated with the risk of breast cancer.

- The intake of alcohol and alcoholic beverages is positively associated with the risk of
colorectal cancer.

- The consumption of meat and/or fat (from meat) is positively associated with the risk
of colorectal cancer.

- The association between cholecystectomy and colorectal cancer is not attributable to
confounding by dietary habits or to other biases.

- Selenium status, as measured by toenail selenium levels, is inversely associated with
the risk of lung, gastrointestinal and breast cancer.
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INTRODUCTION

The possible role of dietary lactors in the eti-
ology ofhuman cancer continues to be a subject
both of research and debate. Various estimates
have been produced on the proportion of cancer
cases attributable to diet and other factors Il-3].
It has been rather difficult, however, to identify
specific elements of the diet as being causative or
preventive. Analytical epidemiological studies
on diet and cancer have been mostly of the
case-<ontrol type; their results often seem
to lack consistency, which may be attributed
partly to the potential for selection bias,
and, particularly in dietary studies, recall bias
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Äbstract-In 1986, a prospective cohort study on diet and cancer was started in The
Netherlands. The cohort (n:120,852) of 55 69 year old men(4}.2vo) and women (51.g%)
originates from 204 computerized municipal population registries. At baseline, participants
completed a self-administered questionnaire on diet and potential confounding variablès. In
addition, aboú 67o/o of the participants provided toenail clippings. cancer follow-up consists
of record linkage to a pathology registry and to cancer registries. The initial interest is in
stomach, colorectal, breast and lung tumors. A case-<ohort approach is applied, in which
detailed follow-up information of a random subcohort (n = 5000) provides an estimate of the
person-time experience of the cohort. Exposure data of the subcohort will be combined with
those ol incident cases, yielding exposure-specific incidence rate ratios. The intraindividual
variation in determinants is estimated by annually repeated measurements (u : 250) within the
subcohort. The rationale, efficiency aspects and study characteristics are discussed.

Diet Neoplasms Epidemiologic methods Biometry euestionnaires Toenails

[4]. Considering that large-scale randomized
controlled dietary intervention trials are rarely
leasible (because of financial, blinding, com-
pliance and ethical reasons), prospective cohort
sludies are olten proposed as the alternative
method of choice. At the same time cohort
studies are commonly regarded as prohibitively
expensive, notably studies among the general
population. The costs generally originate from
recruitment of the study population, (baseline)
exposure measurement and follow-up. Thus,
there is a need for cost-efficient prospective
cohort studies [4].

Various ongoing cohort studies on diet
and cancer have been published, with widely
differing characteristics. The following serves
merely as a general description of the character-
istics, supplemented with some examples of
studies, without attempting to be complete.

Reproduced with permission of Pergamon press
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Most studies are conducted in the general popu-
lation (e.g. [5,6]) or in a captive (occupational)
subgroup of specific gender (e.g. [7]); other
studies use groups with specific dietary habits
(e.g. [8-10]). Studies may have been started as

such or have been attached to existing data
collection structures as a census (e.g. [ 1]) or to
a screening program (e.9.112,13]); others have
made use of existing biological banks, usually
without any dietary assessment (e.g. [4, l5].
Dietary assessment may include a limited (e.g.

U l, l6]) or more extensive questionnaire [7, l7],
with the length usually inversely related to
sample size. Still other studies have used a single
24hr dietary recall [18,19] or cross-check
dietary history interviews [20]. Because of their
characteristics, some studies will yield data on
overall dietary habits, which can hardly be
translated into nutrient intakes. In addition,
it might be difficult to generalize such results
from studies when conducted in Japan, to
Western Europe or the U.S. Studies that
address the issue of nutrient intake or use
biochemical markers generally take a relatively
long time to yield a large number ol cases
because olthe small study size. Indeed, a combi-
nation of dietary assessment and biological
sampling on a large scale is rare [7], whereas
both sources of information are likely to be
complementary.

Our objective was to design an efficient,
large-scale study among men and women that
combines extensive dietary assessment with bio-
logical sampling, and that yields a sufficiently
large number of cases within a reasonably short
lollow-up period. Efficiency in this respect refers
to selection of the study population and area,
determinant contrasts and their measurement,
biological sampling, follow-up, data processing
and statistical analyses. The cohort study was
started in 1986 and was preceded by a pilot
study in 1984 and 1985 to evaluate the feasibility
of the project and develop the methods to be
used. After presenting the general outline of the
study [21], the various design considerations and
decisions will be discussed in detail.

GENERAL OUTLINE OF THE COHORT STUDY

The primary purpose of the study is to
investigate the effects of fats, vitamins, fiber,
alcohol, selenium, nitrate, sodium and calcium
on the development ofgastric, colorectal, breast
and lung tumors. Cancer risk associated with
specific dietary patterns will also be evaluated.

These tumor sites chosen because of their
suggested relationship with dietary factors
(e.g. [22,23]) and their high incidence in The
Netherlands [24].

The study is conducted among 55-69 year old
men and women. Subjects originate from the
general population sampled from municipal
population registries. The pilot study indicated
that a fairly large contrast in dietary intake
exists in this population. To increase the
contrast in the cohort still further, individuals
with special dietary habits (e.g. vegetarians) are
overrepresented. Information on determinants
is obtained by a self-administered questionnaire
and collection oltoenail clippings. The ll-page
questionnaire contains 6 pages on lood habits,
supplemented with questions on potential con-
lounders and other independent risk factors.
These include: smoking and occupational
history, socioeconomic status, history of
selected medical conditions, family history of
cancer, chronic drug use, reproductive history,
obesity and physical activity. The cohort is
constituted by the 120,852 subjects who com-
pleted the baseline questionnaire that was sent
to a total ol 340,439 subjects.

Follow-up for cancer incidence will be per-
lormed by record linkage to PALGA (a data
base on Dutch pathology reports) and to the
cancer registries. During the first 5 years of
follow-up, approximately 250 cases of stomach
cancer, 450 colon, 300 rectal, 800 breast and
1200 lung cancer cases are expected to arise
from this cohort, taking mortality into account
12s,261.

A case- cohort approach is applied, by select-
ing a random subcohort (n:5000) from the
large cohort immediately after identification of
the cohort members. This subcohort is being
followed up for migration and vital status
by contacting the participants and the munici-
palities. As will be discussed, for testing the
primary study hypotheses a subcohort size of
3500 is sufficiently large. Therefore, question-
naires and toenail specimens are initially pro-
cessed only for a random subsample of 3500 out
of the 5000 subcohort members. However, the
person-time experience is also collected for the
remaining 1500 subjects, whose covariate data
will be processed when hypotheses regarding
rare exposures responsible for a small pro-
portion olspecific tumors are ofinterest [27]. In
the statistical analyses using the proportional
hazards model [28], stratification on year of
follow-up will be employed to investigate the
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YEARS OF FOLLOW-UP
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influence of possible preclinical disease at the
start of the study. The intraindividuat variation
in determinants will be estimated by repeating
the questionnaire annually in subsamples
(n:250 each) of the subcohort. These design
aspects are depicted in Fig. l.

SELECTION OF THE STUDY POPULÄTION

Age at entry

Because it has been suggested that diet pre-
dominantly exerts its role on the later stages
rather than the early stages of tumorigenesis

[23,29], this cohort study is conducted among
elderly people aged 55-69 years at entry. Also,
younger individuals generally show less stable
dietary habits, because they tend to consume
more new foodstuffs [30]. In two longitudinal
Dutch studies, changes in nutrient intake
over a 3 year period have been studied
using interperiod correlation coefficients. The
decrease in correlation among women around
menopause [31] was much smaller than among
adolescents [32]. Although adolescents are

an extreme category in this respect, this com-
parison provides some evidence lor higher
stability at older ages.

In the age group well above 70 years, prob-
lems may occur with the dietary assessment, and
there is a tendency for underreporting and
less histological verification of elderly cancer
patients. Finally, a relatively short follow-up (5
years) of a large cohort from the selected age
stratum will yield a sufficient number of cases to
perform meaningful statistical analyses, i.e.
minimally 300 cases per tumor site.

Size and area

In order to obtain this number of cancer
cases, it was estimated that a cohort size of
150,000 subjects is required [33]. The choice of
the study population is then determined largely
by recruitment efficiency and the required
accuracy ol identifying information in view
of the proposed method ol follow-up (i.e.
record linkage). In The Netherlands, (computer-
ized) municipal population registries contain
highly accurate identifying information on every

I
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Fig. I . Design aspects of the prospective cohort study. x, random sample; m, males: f, females
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citizen, and constitute an emcient sampling
frame for the general population. Since a mailed
data collection procedure would be used (with a

lengthy questionnaire), the aim was to start with
an initial sample size of 350,000 subjects in
order to establish a cohort of about 150,000
respondents.

The study aÍea was defined in terms of
municipalities satisfying the following eligibility
criteria: (a) availability ofa computerized popu-
lation registry; (b) sufficient cancer follow-up
coverage.

In 1985, 323 out of the 714 municipalities
were computerized; 300 (93%) of them agreed
to provide in 1986 a gender-stratified random
sample of specified size, equivalent fo 40o/o of
each municipal 55-69 years age stratum. Cancer
follow-up coverage was determined as follows.
Recently, two sources of incident cancer cases
have become available: PALGA and 9 cancer
registries. Since both PALGA and the cancer
registries were not yet operating in the entire
country, a list of collaborating hospitals (in

1986) was obtained. Together with data on the
municipal origin of all patients admitted for
cancer to these hospitals (obtained from the
National Health Care Information Center),
expected municipal follow-up coverage degrees
were calculated per tumor site olinterest. From
the list of 300 computerized municipalities, 204
were selected with a coverage degree exceeding
75%, yielding a tentative initial sample of
almost 340,000 people. The estimated mean
coverage degree for cases of any ol the 5 tumor
sites of initial interest was 93o/o in this case.
Loss to follow-up due to migration out of the
coverage area (estimated at l.9o/o in 5 years) is
taken into account in this estimate. The location
of the 204 selected municipalities is displayed in
Fig. 2. Municipal samples were selected in
May-August 1986, accumulating to 339,733
subjects.

Recruitment of subjects with special dietary habits

Apart from sampling and follow-up con-
siderations, the expected exposure contrast (and

Fig. 2. The location of the participating municipalities in The Netherlands
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its temporal stability) in the selected study
population needs to be contemplated. It has
been suggested that in Western populations the
contrast in exposure may be small when study-
ing individuals within one region or counrry
[34-36]. In our pilot study we have evaluated the
dietary intake in the proposed study population,
which showed a rather large dietary contrast
(e.g. mean + SD of dietary fat as percent of
calories was 40.3 + 5.5%). Within western
societies, this variation can be regarded as size-
able. It can be fu¡ther augmented by extending
the study to other countries with different
dietary habits or by overrepresentation of indi-
viduals with deviant food habits. With the
former approach, problems may arise with
confounders and standardization of dietary
assessment, in view of different eating patterns.
These problems are less serious when the second
approach is used. Therefore, subjects of 55-19
years and eating meat less than twice a week
were invited to participate by advertisements
and leaflets in life-style magazines and health
food stores located in areas covered by PALGA
or the cancer registries. During the period of
recruitment (April-July 1986), about 1000
persons applied; 30o/o of all applicants were
living outside the covered areas or did not
have the correct age at entry. For some of the
remaining subjects, extra contacts were needed
to obtain complete and correct identilying
information, even though standard application
forms were used. Altogether, 706 eligible
"vegetarians" were recruited in this way.

ASSESSMENT OF DIETARY EXPOSURE

Choice of dietary assessment method

Whereas a large interindividual variation
in exposure is desirable and variation within
subjects should preferably be minimal for obser-
vational etiologic studies, it is the ratio of intra-
to-interindividual variation which determines
whether meaningful contrasts in exposure can
be studied. When this ratio is large, substantial
random misclassification will result in attenu-
ated measures of association between exposure
and disease [37]. The variance ratio is in turn
determined by the exposure characteristics of
the study population, combined with the dietary
assessment technique that is being used. In a
transitional study population with rapidly
changing dietary patterns as in Japan [38] and
consequently a large interindividual variation
in food intake, compared to intraindividual

variation, a relatively simple method may
suffice [1 l]. Compared to the rapid and dramatic
changes in Japan, changes in per capita food
intake in The Netherlands are moderate [39].
Our study population will therefore show less
heterogeneity (but also relatively stable dietary
habits). In order to minimize misclassification,
this requires an elaborate dietary assessment
method with a reference períod ol one year,
covering seasonal variations. The dietary
history can be used lor this purpose, but
the interview method is laborious and imprac-
tical in large-scale studies. Therefore, abbre-
viated methods like the (semiquantitative) food
frequency questionnaire (SFFQ) have been
developed, which can be self-administered. The
validity and reproducibility of the SFFe have
been studied recently [40-43]. Combined with its
feasibility, these results make it the method of
choice for this cohort study. Furthermore, by
repeating applications of the method annually
to samples of the cohort, estimates can be
made on the intraindividual variance in annual
intakes. These estimates might also be used
to improve estimates of the rate ratios and
associated confidence intervals [44, 45].

Construction of the dietary questionnabe

A prerequisite for the development was that
the questionnaire should be aimed at measuring
the contrasts in dietary intake that exist in the
cohort and it should be self-administrable. The
construction olthe questionnaire is described in
more detail by Bausch-Goldbohm e¡ al. [46].
Briefly, in 1984 and 1985 detailed dierary hisrory
interviews (covering the preceding year) were
conducted by trained dieticians in a group of
I 69 subjects (including 20 vegetarians) of similar
age and gender structure as the cohort popu-
lation. After calculation of the intakes of l5
nutrients ol interest (related to the hypotheses),
multiple regression analyses were employed
together with residual analysis, to select those
food items that predicted most of the inter-
individual variation in the nutrient intakes of
interest, as measured by the dietary history.
Furthermore, the need for including questions
on portion sizes was also evaluated by this
method. Finally, the remaining list was supple-
mented with some items in order to maintain a
logical (dietary) structure in the questionnaire.
The result was a 6-page dietary questionnai¡e of
175 food items, that explained the variance in
nutrient intake as measured by the dietary
history, ranging from 86% for vegetable fiber to
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100% for alcohol. The validity of the final
version, that was used in the cohort, is lurther
being tested against the dietary record method
and the dietary history method in ongoing
substudies.

Choice of biochemical markers

Because of the potential problems associated
with the assessment of food intake, the use ol
biochemical markers of dietary exposures has

been proposed as an objective, "hard-evidence"
alternative. Although the use of biological
specimens like plasma seems attractive in that
the biochemical markers add¡ess the nutritional
status more,precisely, they nevertheless suffer
from some inherent problems as well. The
marker may not properly reflect long term
nutritional status (e.g. V7l): large intra-
individual variations in the marker content may
result in a high ratio of intra-to-interindividual
variation (e.g. serum cholesterol or urinary
sodium). For retrospective etiologic studies,
various markers may be of less value since the
tumor may have altered the marker level, as has

been shown for plasma Se, vitamin E and retinol

[48-50]. In prospective studies, the collection,
storage and analyses of specimens may be pro-
hibitively expensive, leading to smaller cohorts
with decreased power and an increased risk of
chance findings. A promising exception to this
is toenail specimens. These reflect long term
intake of several micronutrients (e.9. selenium
or zinc [51,52]), and the specimens can easily
be collected, transported by mail and stored
at room temperature t5l]. Given these

characteristics and the study size, we included
the collection ol toenail clippings in our study.

BASELINE EXPOSURE MEASUREMENT

Conduct of baseline measurement and response

In September 1986, the 340,439 selected

subjects were invited by mail to complete the
questionnaire and collect toenail clippings. To
return their completed questionnaire, respon-
dents were offered the choice ofusing a business
reply number (used by 33% ofrespondents) or
(preferably) to provide their own stamp (used

by 67%). The acceptability of this approach
had been tested in the pilot [53]. Several large
municipalities had explicitly stated, for reasons
of privacy protection, that the selected subjects
could only be approached once, without use

of reminders. To elevate the response rate, a

nationwide publicity campaign accompanied

the baseline survey. Completed questionnaires
were returned by 120,852 subjects (response rate
35.5%; men 34.5, women 36.6%). An estimated
67o/o oI the respondents also provided toenail
specimens. The first page of the questionnaire
was optically scanned to define the cohort, to
check specific identifying information needed
for luture linkage (e.g. date of birth, twinship).
This page also contained questions on the
presence ofcancer and other conditions, overall
smoking habits and special food habits (i.e.

vegetarianism, veganism, etc.).

Some baseline characteristics of the cohort

The cohort is composed of 58,279 men
(48.2%) and 62,573 women (51 .80/o). To exam-
ine whether the response in our study had
affected the determinant distributions (e.g. did
primarily non- or ex-smokers respond?), an
analysis ol response rates was carried out as far
as the available sample data on nonrespondents
permitted. Also, data from the first page of the
questionnaire were used. Table I shows the
response rate according to age and degree

of urbanization ol municipality ol residence.
Table 2 shows the distribution of marital status,
smoking habits and overall frequency of meat
consumption in the total cohort. No data
on these variables are available for the non-
respondents, but for the first two variables
national large-scale survey data do exist 154, 551.

Furthermo¡e, after the cohort was identified,
a random sample was selected in 1987 to
validate the dietary questionnaire against the
dietary record method, using 9 recording days
evenly distributed over the year 1987/1988.
Available data at this moment permit a com-
parison of the intake of several nutrients of
cohort members with data from a recent
national survey in which a 2-day dietary record
was used [30]. Results for caloric intake and
calorie providing nutrients are presented in

Table 1. Response rate to baseline measurement among men
and women according to age and degree of urbanization

Response rate (%)

Variable
Men Women

(r¡ : 58,279) (n :62,513)

Ace (vÐ
55-69
60 54
65 59

Urbanization of municipalities
Rural
Semi-urbanized
Urbanized

34.6 38.8
35. I 36.8
33,6 34. l

34.5 39.9
35.9 39.4
33.9 35.3
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Table 2. Distribution of marital status, smoking habits and .overall
frequency of meat consumption among men and women in the total

cohort and in The Netherlands

Va¡iable

Men(%) Women(%)

Coho¡t Netherlands Cohort Netherlands

Marital status
Not married
Divorced
Ma¡¡ied
Widowed

Smoking habits
Neve¡
Ex
Current

Meat consumption
(freq. per week)

0l
23
45
67

3.8
3.6

88.9
3.'7

9.3
48.8
4t.9

6.2*
4.2

85.3
4.3

4.0f
51.0
45.0

8.4
4.4

69.9
172

7.7*
4.8

68. I
t9.4

l.el
4.9

24.4
68.8

58.5 53.0f
20.'1 2't.0
20.8 20.0

3.6f
'1.7

29.1
59.8

*Age catego¡y 55-69 yr [54].
lSmoking habits in 1983, 5l + yr [55].
fNo large-scale refe¡ence data available in The Netherlands.

Table 3, indicating comparable intake estimates come this problem, we employed a case rohort
in the two studies. (case base) approach, as proposed by Miettinen

These data indicate that the response to the [58] and Prentice [59], which offers the possi-
baseline measurement has not adversely affected bility ol data processing during rather than
determinant distributions, in the light ol etio- after case ascertainment. In this approach, the
logical analyses. Although of less importance, it denominator information of the rates (i.e. the
can also be concluded that no large deviations accumulated person years ol the entire cohort)
from representativeness with respect to these is estimated using a subcohort ol suficient size,
variables are evident. while cases are enumerated for the entire cohort

(numerator information).

FOLLOW-UP AND ANALYSIS ISSUES

As mentioned earlier, follow-up lor cancer
in this cohort ol 120,852 subjects will consist
of record linkage to PALGA and the cancer
registries. As an alternative to a classical cohort
analysis, the covariate histories olincident cases
could also be compared to those of a control
group in a nested case-rontrol study [56,57].
However, one would then need to wait until
case occurrence for efficient matched sampling
and subsequent standardized questionnaire pro-
cessing for cases and control subjects. To over-

Variable
Cohort
(¡ = 60)

Required size of subcohort

Determination of the required subcohort size
(3500) for testing the primary hypotheses in the
case-cohort study was initially based on asymp-
totic relative efficiency comparisons for risk
ratios. Efficiency results regarding rate ratios ol
Selland Prentice [60] had not yet been published
at the time the decision on size had to be made.
The asymptotic variances for the logarithm ol
the risk ratios estimated from the classical lull
cohort design (denoted by VCO) and from
the case--cohort design (VCC) were calculated

Table 3. Mean caloric intake and its contributors among men and women in the cohort,
as calculated f¡om 9-day dietary records, and in The Nethe¡lands (2-day dietary reco¡d)

Men

Netherlands* Cohort
(n :431) (n :52)

Netherlands*
(n :460)

Calorìc intake (kcal) 2408
Fat (% energy) 40.0
Protein (% energy) l4.l
Carbohydrates (% energy) 40.9
Alcohol (% energy) 5.0

2564 l98l
4t.2 40.',1

13.1 t4.4
40.2 42.1
5.0 2.8

1946
4l.l
14.9
4t.2
2.7

*Minist¡y of Welfare, Public Health and Culture [30].
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under simplifying assumptions: no competing
risks, negligible loss to follow-up, and for a
single dichotomous exposure variable. With S
being the ratio of the subcohort size to the
expected number ofcases, VCO and VCC were
calculated lor a range of values of relative risk
(RR; 0.1-10), control exposure probability (a;
2-90%), expected 5-year cumulative incidence
(CI; 0.2 2o/o) and S (1-25). As an example
of a typical situation for a dietary exposure,
Fig. 3 shows a plot of VCC against values
of S for RR : 2, a :33o/o, CI: 0.2% (female
rectum cancer), Cl:0.4% (male stomach) and
CI:2o/o (male lung), respectively. This figure
illustrates that the variance estimate (or confi-
dence interval) for the less common cancers will
never be as small as that lor lung cancer. The
graph further indicates that lor female rectum
cancer the decrease in variance is minimal when
S is increased over 16, while for male stomach
and lung cancer this value of S is approximately
8 and 2, respectively.

For the various tumor sites, the relative
efficiency VCOiVCC [27,6ll was then consid-
ered. Figure 4 shows VCO/VCC as a function of
RR for a : 33"/", Cl : 0.4o/o and S : 1,2,4,8,16
and 25. Figure 4 indicates that S-values of 8 or
higher are clearly sufficient over the entire range
of RR-values. Similar results were obtained lor
the other tumor sites.

Alter considering the relative efficiencies
under various conditions lor various subcohort
sizes and the added cost ofprocessing additional
questionnaires, we decided to choose a random
subcohort of 3500 subjects. For most tumor
sites, S-values or more are attained with this
subcohort (e.g. 9 for male stomach and l6 for

cI(%
o2

o 5 10 t5 20 25
S

Fig. 3. The variance of logRR as a function of the ratio
(subcohort:cases) for 3 cumulative incidence rates, using
the case{ohort method. VCC. variance of logRR with
the case{ohort method; S, ratio of subcohort:cases; CI,
cumulative incidence; d, control exposure probability; RR,

relative risk.

RR

Fig. 4. The relative efficiency of the case{ohort vs full
cohort analysis as a function of RR, lor va¡ious subcoho¡t
sizes. VCO, varìance oflogRR with the full coho¡t method;
VCC, variance of logRR with the case{ohort method;
S, ratio of subcohort:cases; CI, cumulative incidence; a,

control exposure probability; RR, relative risk.

female rectum cancer); for male lung and female
breast cancer the value ol S would be L5 and 2,
respectively. While the associated efficiencies for
the latter tumor sites would be 50-60% for
various combinations of a and RR, it should be

kept in mind that the confidence intervals would
still be much smaller than for less frequent
cancer sites (see Fig. 3).

To check the efficiency of the chosen sub-
cohort size with regard to rate ratios and more
realistic assumptions, parametric relative rate
regression models lor case <ohort studies were
formulated. Based on these models, simulation
studies were performed; the results were in
accordance with those concerning the risk ratio.

DISCUSSION

We have started a prospective study on diet
and cancer in a general population cohort of
120,852 men and women, in which determinant
information from questionnaires and lrom toe-
nail clippings is analyzed together with cancer
incidence, using the case+ohort method. Con-
ducting a study among the general population
has the disadvantage ol possible incomplete
control lor confounding of e.g. occupation as

opposed to cohorts thal are restricted in this
sense (e.g. [7]). On the other hand, when these
confounders are measured accurately, it also
provides an opportunity to evaluate their
effect modification (e.g. of occupation). The
choice is usually determined, however, by the
availability of specific population rosters and
the possibilities for follow-up. The presence

of both municipal population registries and

1.O

0.8

o
I o6

o
9 04

o.2

o.4
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cancer regislries in The Netherlands offered
the opportunity lor efficient recruitment and
follow-up of the present cohort.

Another aspect that cont¡ibuted to the
efiìciency was the increase in determinant
contrast in the cohort by the intentional over-
representation of vegetarians, albeit to a small
extent. The somewhat disappointing experience
in the recruitment of these individuals illustrates
the inefficiency of obtaining large samples
with accurate data through advertisements,
as opposed to sampling from computerized
population rosters with high quality data,
needed when cancer follow-up is based on
record linkage.

Loss to follow-up is the primary source of
potential selection bias in prospective cohort
studies (provided it is differential across deter-
minant strata 162,631). Therefore it should be
minimized, like in experimental studies. Hence,
the study area and population in the present
cohort study were chosen in a way to ensure
sufficient lollow-up coverage. Recruitment of a

large general population cohort in the way
described, implies an incomplete response to
the baseline measurement. Bias in determinant
distributions due to nonresponse has no serious
implications lor ratio estimates, even though
respondents generally show lower mortality or
disease experience during follow-up than non-
respondents (e.g. [6a,65]). In studies that
have addressed the issue of nonresponse, odds
ratio estimates were not significantly different
between participants and non-participants,
although both groups exhibited (largely inde-
pendent) differences in determinant distri-
butions and disease experience [65,66]. In fact,
the distribution of risk factors may even become
more favorable for etiologic studies due to
response at baseline. This potentially increased
efficiency is also why intentional overrepresen-
tation ol vegetarians was pursued in the present

study, and why in an experimental situation
subjects are allocated equally to determinant
strata. Data on demographic variables, smoking
and dietary habits were presented indicating
that the response did not adversely affect
determinant distributions in the present cohort.
To evaluate whether differential loss to follow-
up occurs, we will compare the determinant
profile of those lost to follow-up with other
participants.

An elderly cohort was selected because di-
etary habits (and their contrasts) are stabilized,
and such a cohort will yield sufficient cases for

meaningful analyses within a reasonable time
period. It can be argued that evaluation of
nutritional determinants of cancer acting early
in life [67] cannot be evaluated with this
approach. Since it has been suggested that
various dietary factors act in late¡ stages of
carcinogenesis and a large-scale study among a

cohort ol e.g. adolescents would be time-
consuming with the need to consider inter-
mediate (dietary) events also, this potential
drawback was accepted. Together with other
ongoing studies and studies that will investigate
the role of diet in the earlier stages of carcino-
genesis, this study will contribute to a better
understanding of the type, timing and weight of
the influence diet may have on human cancer
development.
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Chapter 3

Estimation of the coverage of municipalities by cancer
registries and PALGA using hospital discharge data.
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Abstract

fn a large-scale prospective cohort study on diet and cancer, which has been initiatedin September 1986, follow-up for cancer is being conducted through record linkage
with the regional cancer registries (cR) and with paLGA, a data base of patholofo
reports. During the first few years of the stud¡ however, neither the CR ttoi pll,Cl
operated nation wide. Since the cohort was to be recruited from samples dram from a
large number of municipal population registries, selection of municþalities according
to the degree in which their inhabitants were "coyered" by cR and paLGA woulã
minimizæ loss to follow-up.
Hospital discharge data, which include diagnosis, age, sex and residence of each
discharged (or deceased) patient, were used to estimate for each municipality the
proportion of hospitalized patients admitted to those hospitals that were eipected to
participate in either the CR or PALGA at the date the cohort study was planned to
start. A minimum coverage of 757o was used as criterion for selection of a municipality.of the 204 municipalities selected, 188 attained more than govo cover.age; the mean
coYerage of the sampled cohort at the start of the study was estimated at 94.3Vo. The
analysis was repeated several years after the start of the cohort study to assess
retrospectively the actual coverage of the cohort over time. The mean coverage
appeared to increase from 98.57o at the start of the study to l00vo in l9gg.

* Submitted for publication



Introduction

In L986, a large-scale prospective cohort study was initiated in the Netherlands,
which investigates the association between dietary habits and the risk for (stomach,
colorectal, lung and breast) cancer among more than 120,000 men and women aged
55-69. After the baseline administration of a mailed questionnaire in September 1986,
follow-up for cancer was to be áccomplished by the nine regional, population-based
cancer registries (IKN, IKO, IKMN, IKA, IKST, IKW IKR, II{Z and IKL) and
PALGA (Pathologisch Anatomisch Landelijk Geautomatiseerd Archief¡, a Dutch data
base of pathology reports (1).

The majority of cancer registries functioning in the Netherlands started to register
in a limited number of hospitals in the period between 1982 and 1986 and gradually
extended their registration activities to all hospitals in their own region by 1939 (2).
One registry çI<Z-SOOZ) dates from 1953. In January 1985, the PALGA data base
included 28 of 70 pathology laboratories in the Netherlands, accounting for
approximately 507o of all pathology reports (3). In June L990, all laboratories had
joined PALGA.

Considering the incomplete coverage of the Netherlands in 1986 as described
above, it was essential for sufficient follow-up to recruit the cohort from geographic
areas in which either one of the cancer registries (CR) or PALGA was operational
from the start of the study. Since it was decided for practical reasons to sample the
cohort from the municipal population registries, the question arose how to determine
the degree of coverage of each Dutch municipality by the CR and PALGA. The
availability of a nation wide data base of hospital discharge data enabled us to answer
that question. This paper describes the methods to estimate the coverage of the
municipalities, the subsequent selection of municipalities for cohort recruitment, and
the actual coverage of the cohort sample as assessed retrospectively from the hospital
discharge data.

Methods

In 1985, during the planning stage of the cohort study, a list of hospitals was
composed that were either participating in one of the registries already or very likely
would do so in 1986. The information concerning participation of hospitals was
obtained from each of the cancer registries. Since most of the pathology laboratories
are connected to and working for one or more hospitals, a list of hospitals linked with
PALGA was also drawn up.

The Dutch Center for Health Care Information (SIG) maintains the National
Medical Registry (LMR), a data base of hospital discharge data (3). The data base
contains (anonymous) data on each patient discharged from or deceased in the hospital.
The following data were relevant to our study: hospital code, diagnosis (ICD-9 code),
sex, age and municipality of residence, and, in case of malignancy, whether it concerned
a first or a repeated admission for that specific diagnosis. For privacy reasons, we could
not obtain the original data. Therefore, we provided the SIG with the two lists of
registering hospitals and received in return the data, aggregated by municipality of
residence and restricted to the age group 55 to 69 and to diagnoses of digestive trac!
lung and breast cancer (ICD-9 codes 151, 153, 154; L62; and 174-175 respectively). For
each municipality, diagnosis and sex, the following data were provided: total number of
discharges in (a) CR hospitals, (b) PALGA hospitals, (c) CR and/or PALGA hospitals
and (d) all hospitals in the country. Similar data for first admission for the disease were
also available.



From these data we calculated for each municipality the diagnosis- and sex-specific
proportion of patients discharged from "registering" hospitals, i.e. a, b, or c diviåed by
d. These proportions can be considered as ths coueiage of a municipality by thå
respective registries. The proportion pertaining to coverage by either a Cn oi pALGA
(c/d) was used as a selection criterion for cohort reóruitment. Besides degree of
coverage, also other criteria for eligibility of a municipality for cohort recruitmeãt were
applied. These criteria^ were: (a) availability of a õomputerized population registry
administered !Y oo" of nine regional computer centers and (b) pennission to diaw 

"a

407o sample from the men and women aged 55 to 69 in theìi population registry. A
higher sampling fraction-was thought to jeopardize the particip"tioi of municìpadties.
Of !h9 323 (r-om a to!71 o1714), m-unicipalities that mei criteiion a, 23 (l%o)ìetused
particþation, leaving 300 municipalities eligible for selection according ìo óorr"tug".
Based on the number of cancer cases to be expected in the cohort study ãfter five yeãrs
of-follow-up, the required sample size was set at 350,000. The aim of thL analysis was to
select municipalities in descending order of coverage until the required tumpi" size was
achieved, taking into account that the average coverage of the sample shåuld not be
lower than 907o. T\e calculations were performed for all data as well as for those
pertaining to first admission only.

The selection of municipalities for the cohort study was based on the LMR data
base of 1983, the most recent one available in the planning stage of the cohort study.
After the start of the study, the analysis was repeated using thé combined LMR daia
base of 198711988 and hospital lists retrospectively updateã according to their actual
registration status on January 1,1987 and January 1, 1988. The situatión at the start of
the study (October 1, 1986) differed from that in 1987 for three hospitals. Coverage of
the municipalities involved was corrected according to these hospitáh' contributiãn to
the total number of hospital beds in the region.

Results

Table 1 displays the number of municipalities and the achievable sample size
according to different cut-off points of anticipated coverage. Complete 

"bu"rug"appeared to be attained for 219 municipalities, corresponding to a iample size ãf
256,000. A sample size of 350,000 could be achieved at a cut-off point betwãen 70 and
807ot T1ne ultimately clrolen cut-off point of 757o corresponded to a sample size of
342,000 and comprised 249 municipalities. As a result of consolidation of small
municipalities into larger-ones-during the period between planning and sampling, the
actual sample was drawn fuom 204 municipalities. The mean anticipáted correrág" ãf tn"
sample amounted to 94.3 %o. when it was taken into account that pari of the
participants in the cohort study would move to municipalities that were not yet
sufficiently covered, the anticipated coverage decreased to 95.07o.

The coverage of the municipalities participating in the cohort study as determined
from the actual registration situation on January 1, lg87 (three months âfter the start of
t]r¡ cot1o1.1u-dy) is presented,in Figures L and 2. Figure I shows the coverage by the
cR and PALGA combined, while Figure 2 displays the coverage by the cR alone. The
actual coverage of the cohort appeared to be 99.57o, much nignèr than the value of
94.37o anticipated before the start of the study. The coverage of three municipalities,
however, did not attain the initial cut-off point of j\To. Nelther the cR nor ÉALGA
attained sufficient coverage alone (88.6%o and, 82.5%o, respectively).



Table 1. Number of municþalities and sample size according to cut-off point of anticipated coverage by
the cancer registries and PALGA.

Cut-off point (%) Number of municipalities* Sample sizeT

No cut-off
70
80
90

100

300
25L
244
'237

2r9

491000
37û00
339000
328000
256000

+ 300 of the 714 municþalities were eligible for the analysis.

f Assuming a sampling fraction of 40Vo (age group 55-69), except for one large municþality, which only
permitted a 20Vo sample.

0

3

5

196 w
mean:

Coverage

0 - 74o/"

75 - 89o/"

> : 90o/o

99.5ol"

'-'?F(r¿ -<

Source: LMR 1987/1988

Figure 1. Actual coverage of the cohort municþalities by cancer registries and PALGA, January 1,L987.
(Blank municipalities are not participating in the study.)



60

144 N
mean:

Coverage

< 90o/o

88.60/"

Source: LMR 1987/19BB

Men Women

ICD mde All admissions Fi¡st admissions All admissions First admissions

0

Figure 2. Actual coverage of the cohort municipalities by the cancer registries, January 1,1.987. (Blank
municipalities are not particþating in the study.)

Table 2 gives the sjte- and sex-specific coverage on January l, rgg7. No large
differences were detected between any of the cancer sites nor be¡rðen men and wome;.
Furthermore, the mean coverage was similar whether all admission data or those
pertaining to first admissions were used.

Table 2. Actual coverage (Vo) by cancer registries and PALGA on January l, 1,987 of the cohort
sampling population specified for cancer site and sex, calculated foi all admissions and first
admissions only.

Site

Stomach
C-olon
Rectum
Lung
Breast

151

153

t54
t62
174+t75

99.3

99.7
100.0

99.3

99.4

99.3

99.7
100.0

99.2

99.s

99.7
99.5

99.2
99.t

99.s
99.5

99.2

98.8

99.4All sites (both sexes) 99.s



Table 3 shows, however, minor differences within municipalities between coverage
degrees calculated from all admissions and those calculated from first admissions only.

Table 3. Classification of cohort municipalities (n=20\ according to coverage on January 1, 1987: all
admissions versus first admissions only.

All admissions

First admissions 0-74% 75-897o > mVo

0-74%
75-89%
> mVa

0

4
t92

0
J

2

3

0

0

Figure 3 summarizes
the actual coverage from
coverage was feached.

the anticipated coverage of the cohort and the development of
the start of the study up to January L, L988, when complete

mean
coverage

degree

o//o

100

ôÃ

coverage (%)

fll <75

Ø 75-8e

El >90
number of

municipalities

expected
at start

start 1187 1/88

Figure 3. Anticipated and actual coverage of the cohort sampling population by the cancer registries and
PALGA.



Discussion

- T" value of the presented analysis for the evaluation of the follow-up for cancer in
the cohort study depends o-n the reliability of the data and the underþing assumptions.

From 1986 onwards, all general and university hospitals in the Ñetlerlandi supply
the required registration data to the LMR data base. As for the 1983 data base, a'few
hospitals were lacking. Their share in the hospital discharges was 2.5To. An important
hospital that was neither contributing to the i9g3 nor to tne fSSZltgSg data báse was
the Daniel den Hoed Hospital, an oncology hospital at Rotterdam. For the missing
hospitals, however, the most crucial data, i.e. the number of admitted patients and theii
residence, was known from 

- 
the Enquête Jaarcijfers ziekenhuizei 1wz, 4). The

distribution of diagnoses in the missing general hôspiøls was estimateà fto¡¡ ílut io
other general hospitals. The diagnoses in the Daniel den Hoed Hospital were assumed
to have the same distribution as those in the Antoni van Leeuwen-hoek Hospital, the
oncology hospital in Amsterdam. Thus, the overall error due to missing trospitis in tne
LMR data base could not have been very large.

Comparison of the LMR with the EJZ data has shown that the LMR data base is
also virtually complete within each hospital (SIG, personal communication). ffowever,
ev,en if incompleteness were substantial, it would ìot invalidate the presént analysis,
which_ -is based on proportional and not absolute coverage. Some information is
available on the accuracy of the recorded data: the place oflesidence appeared to be
satisfactory recorded, but the diagnosis was not quitl correct in 7%o of ïe cases (5).
Although it should have been recorded whether a patient was admitted for that rp"ùí"
(malignant) dise.ase for the first time, this item is presumed to be inaccuraie, in
particular for university-hospitals (SIG, personal commuiication). The analysis baseá on
all admissions and that based on first admissions only produced ii-ilur ,"r,rlt., however.A substantial change over time in referral pattèrns, for example as a result of
closing and merging of hospitals, may threaten the representativenesi of the data base
for the population in the cohort study. This argrrmeni is valid for the 1983 data base,
which was used to estimate coverage in 1986, but not for the 1gB7llgBB data base,
which referred to exactly the same period as the follow-up of the cohort and which
must actually include the cohort members diagnosed with cãncer during these years of
follow-up.

The results of the presented analysis are useful only, if all eligible cases who were
admitted to a hospital affiliated with a cancer registry or pafC¿"-were really included
in these registries. A study conducted in the IKMN cancer registry, in which the 19g6
cancer registry data were compared to the LMR data, has shown tiat I17o of the cases
were-initialþ missed Uy,t!" c¿ncerregistry (6). In 527o ofthese missing cases, however,
the diagnosis was not histologically confirmed. The percentage of áses missed was
much lower for cancer of the,breas-t (2.5) and digestivé tract (618) than for lung cancer
(12.9). These percentages reflect the proportion of cases noi cónfirmed by histologic
examination. From 1986 onwards, LMR is also introduced in most cancer r"girtri", uõ u
check for completeness and as additional source on cancer cases.

Another potential source of loss to follow-up would be imperfect linkage of the
cohort to the records in the CR and PALGA. It has been shown that linkage" with the
cancer registries attains.a sensitivity of 98Vo (7). This figure did not includã the (now
routinely use_d) adaptation to the linkage procedure *hich accounts for frequàntly
gccurling spelling errors in names; true sensitivity is thus likely to be somewhat iigheí
than 987o.

We conclude from the data presented here that in the cohort study loss to follow-
up is likely to be very small. An opportunity to corroborate this conclusion was



provided by the subcohort, a random sample of 5000 subjects from the entire cohort.
Subcohort members have been followed up for vital status and have reported biennially
whether they had been diagnosed with cancer after the start of the study in 1986. Of
the subjects in the subcohort who reported to have a cancer (1a5 by the end of 1989)

115 had also been matched independentþ in the record linkage with the CR and
PALGA. Almost all of the missing cases (29) had reported skin cancer. This can be
explained, since basal cell carcinoma of the skin is not recotded routinely by the CR.
One self-reported case with another cancer type, however, was not matched to a record
in the PALGA data base because of disagreement as to place of residence. After
exclusion of the missed subjects reporting skin cancer, the proportion of cancer cases

retrieved thus amounts to 115/LL6 : 997o with a 957o lower confidence bound of 967o.

We conclude from all evidence combined that follow-up of the cohort for cancer must
be very complete.

A second conclusion concerns the use of LMR data for this type of problem. These
data provided a quick, efficient and apparently reliable way to solve an important
problem in the planning stage of the cohort study, i.e. how to minimize loss to follow-
up for cancer. Although it will not be necessary to repeat this type of analysis for other
(prospective) epidemiologic studies on cancer, since the CR and PALGA have attained
national coverage, it may be used to check coverage by other local disease registries.
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Development of a Record L¡nkage
Protocol for Use in the Dutch Cancer
Registry for Epidemiological
Research
PIET A VAN DEN BRANDT***, LEO J SCHOUTEN**, R ALEXANDRA GOLDBOHMT, ELISABETH
DORANT* AND PERRY M H HUNEN*+

Van den Brandt P A (Department of Epidemiology, University of Limburg, PO Box 616, 6200 MD Maastricht, The Neth-
erlands),LJSchouten,RAGoldbohm,EDorantandPMHHunen.Developmentofarecordlinkageprotocolforuseby
the Dutch cancer registry for epidemiological rcsearch. lntenat¡onal Journal of Epidemiotogy l99o;19: b53-55g.
A method has been developed to determ¡ne the optimal linkage key for record linkage between the cancer registry and
a large-scale prospective cohort study in the Netherlands. The proposed linkage piocedure is a two-stage process in
which the in¡tial computer¡zed linkage using a part¡cular linkage key ¡s followed by visual ¡nspect¡on w¡th addit¡onal
information to separate the computer matches into true and false positives. ln the determinaiion of the opt¡mal key,
both informativeness and susceptibil¡ty to error of personal identifiers were taken ¡nto account. The performance óf
the var¡ous keys ¡n the linkage was expressed in terms of sens¡tiv¡ty and predict¡ve value of a reported computer
match. The key, consisting of date of birth, first four characters ofthe family name and gender was the optimal choice,
w¡th a sensil¡vity o1 98Y" and an ¡nitial pred¡ct¡ve value of a computer match of 98%. When add¡tional informat¡on on
migrat¡on, place of b¡rth and f¡rsl ¡nitial was collected in the second stage, ¡t was poss¡ble to eliminate the false pos¡-
tives from the reported computer matches without loss of true positives. Thus, the sensitivíty remained constant
whereas the secondary predict¡ve value of accepted matches was maximized.

In epidemiological research, the use of record linkage
to disease registers for follow-up purposes is increas-
ing.r-s An important aspect of this kind of follow-up is
the development of the linkage procedure. A general
method for (medical) record linkage has been pro-
posed6 and then developed further.T'e This method is
based on the calculation of the odds in favou¡ of a cor-
rect match associated with the particular linkage key.
The linkage key is the combination of personal identi-
fiers that is used as matching variable in the computer
iinkage. The calculation of the odds can be ref,ned in
various respects to accommodate weights associated
with identifie¡ values and coding (transcription) errors.
However, the method requires detailed prior knowl-
edge about the frequency of specific identiûer values in
both files that are to be matched. Usually investigators
do not have this degree of access to the disease register
to which they want to link, due to confidentiality regu-
lations. The desired frequency distributions can there-
fore not be determined. Also, with manual disease
*Department of Epidemioìogy, Universùy of Limburg, pO Box 616,

62m MD, Maastricht, The Nerherlands.
*'lKl--Cancer Registry, Comprehensive Cancer Cæntre Limburg,
Maastrichl, The Nctherlands.
iDepartment of Human Nutririon, TNO-CIVO Toxicology and
Nutrition Institute, Zeist, The Netherlands.

registers, it is generally not feasible to determine these
frequencies.ro

In either of these instances, one needs to perform
record linkage based on an optimal linkage key. When
a unique personal identification number is being used
throughout in a country such as in Scandinavian
countries, linkage with such a number is appropriate.r
In other situations (which applies to many other
countries) the linkage procedure should be based on a
combination of identifiers serving as a key. The pro-
cedure should then be optimized with respect to the
choice of identifiers in terms of their informativeness
(discriminating power) versus the likelihood that they
contain coding errors. This paper describes the pro-
cedure for determining the optimal linkage key to use
for follow-up of a large general population cohort in
the Netherlands, using cancer registries.

The uniqueness of (combinations of) identifiers has
been studied in the Netherlands.rl'r3 These studies
were, however, theoretical in the sense that they were
conducted within one dataset and did not take into
account possible coding errors in identifiers that may
lead to false disagreements when two datasets are
actually linked. To take account of both the infor-
mativeness and the susceptibility to error ofidentifiers,
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wc empirically cvaluatcd thc uscfulness of scvcrâl kcys
in a linkagc proccclurc betwccn thc cohort study and
rhc Rcgional Canccr Rcgistry Lirnburg (lKL-rcgistry).
Ideally, one would like to have an independent source
of diagnoscd cancer cases in the cohort, to chcck
whether the matched records from the cancer registry
did indeed reprcsent all the truly diagnosed cancer
cases in that cohort. There was, however, no 'gold
standard' registry available in the region to which
reporting of cancer patients was unrelated to reporting
of cases to the IKL-registrv. Instead, we evaluated the
uscfulness of the keys. By Iinkage with tolerant criteria
and visual inspection of the reported computer
matches, we first detected all existing correct matches
between the cohort and cancer registry. After that,
more strict linkage criteria were applied and the per-
formance of various keys was tested.

METHODS
The Coltort
in 1986, a prospective cohort study on diet and cancer
began in the Netherlands. The cohort (n: 120 852) of
55-69 year old men and women originated from 204
municipal population registries. In view of the size of
the cohort and the method offollow-up (record linkage
to cancer registries), only computerized population
registries were used. Since the identifying info¡mation
from the municipalities was the most accurate infor-
mation available on Dutch citizens, the recruitment
procedure ensured that this quality was maintained for
the cohort members. At baseline (September 1986),
cohort members completed a questionnaire on diet
and potential confounders.rl Relevant questions with
respect to record linkage included place of birth, twin-
ship and history of cancer. Data from the 8081 cohort
members who live in the area covered by the IKL-
registry were used fqr the present study.

The IKL Cancer Registry
The IKL cancer registry is one of the nine Dutch
regional cancer registries; it has been operating since

1982 in the middle and southern part of the province of
Limburg. In the period 1982-1986, cooperation u/as

obtained from all hospitals in the area, resulting in a

presumably complete coverage in 1986.r5 Tumour data
are abstracted from pathology reports and medical
records and coded according to ICD-Oncology. The
identifying information is read from the patients'iden-
tity card, produced in the hospital when a patient seeks
medical care. The cancer registry then converts names
to a standard format (apostrophes and h¡rphens are
replaced by spaces, the Dutch letter combination 'ij' is
converted into 'y' and a list of allowed prefixes is used).

Aftcr convcrsion, lhe data arc cncryptecl t)eforc stor-
age in thc IKl-clatabase. Complctcncss, data consis-
tcncy and thc possibility of rJuplicate records are
extcnsively checked by computer programs. The iden-
tificrs available for linkagc in thc cohort file and in the
IKl-rcgistry filc are presented in Table 1.

Record Linkage
The record linkage between the cohort (n : 8081) and
the IKl-registry was started in November 1988, after
the names of the cohort members had been converted
and cncrypted to the cancer registry format. NIalig-
nancies registered by the IKL until 21 October 1988
(n : 8917) were available for linkage. While for the
actual follow-up of the cohort only incident cases are of
interest, for the development of the linkage protocol
both incident and prevalent cases were allowed to
match. Prevalenl cases were defined as cases diag-
nosed before September 1986 (ie start of the cohort
study).

DeÍermination of AII Existing Correct Matches
To detect all existing correct matches between the two
files, a computer linkage was carried out with ver1,

tolerant crileria for reporting a match. For this com-
puterlinkage, a program was used that had been devel-
oped earlier by the IKL to detect duplicate records in
its registry. It assigns (arbitrary) scores for agreements
on particular identifiers. The tolerance is adjusted by
varying the total score that is needed for a match to be
reported. Table 2 shows the scores that were assigned
to agreements on other identifiers in this linkage exer-
cise. No scores were assigned to agreements on other
identifiers in the computer linkage. The agreement or
T¡stt I Awilable identiJìers for lirtkage itt the cohort file and in the

IKL-rcgistty fle.

Percentage availability

Identifier Cohort
IKL-

regislr!

Datc of birth
Gendcr
Family nanre (encryptcd)
Prcfix of family name

Married name (surname of husband.
cncrypted)

First ¡nitial
Place of birth
Residcntial postal code

lcìi)
10{)

100

l-3

87-
lfir
100."
t00

85.
99

42;
100

I (X)

100

100

l2

*Pcrcenlage fo¡ women.
**Place of birth is available from the cohort questionnaires. but not on
file. It can therefore only be uscd for additional visual inspection of
reported computer matches. Percentagc availability is based on a

random sample of 1000 questionnaires.
iDue to hospiral rcgistration practice in the Nefherlands.
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disagreement on other identifiers was, hou,ever,
measured bv the computer but onìy used for additional
visual evaluation of the computer matches.

To allow reporting of a match even in the case of a
considerable number of coding errors, a low threshold
value for the total score was used. Various combi-
nations of identifiers that agreed could therefore lead
to a match. All matches with identical year of birth or
identical first four characters of family name (F4) and a
minimum score of 90 were reported. The reported
computer matches were then ordered according to
their scores. A match was accepted when the computer
indicated agreement on: date of birth (DOB), com-
plete family name (F), first initial (I), gender (G), post-
al code (P4), prefix, and married name (ie a score of
180 and agreernent on the latter two identifiers). When
the score was lower or other disagreements .\¡r'ere

apparent, a visual inspection of the match was per-
formed using data on the original IKL coding forms.
This was done to determine whether less than maximal
agreement was due to coding errors or non-availability
ofthe item in one or both data files, or because it repre-
sented different subjects. Additional information on
migration, birthplace, tumour site and year of diag-
nosis (for prevalent cases) and date of death was also
used for this determination. In this way presumably all
existing correct matches between the two data files
\ilere detected using as much information as possible-

Selection of Optimal Linkage Key
This number of correct matches was then considered
the maximum number that could be obtained in sub-
sequent linkages using other, less tolerant criteria. In
these linkage exercises, (dis)agreement on identifiers

leyte 2 Scores fot øgreeñefi per identifer, used in the coñpuÍer
linkage-

ldentifier
Sco¡e fo¡

Abbreviation agreement

Related to date of biñh (DOB)
Year of birth
Ìúonrh of binh
Day of birth

Related to name
Family name
First 4 characters of family namel
Fi¡st initial

Related 10 address
Postal code (a¡l 4 digits)
Postal code (fißt 3 digits only)

Gender

*ln thc Dutch cancer registry, namcs are first divided into two
segments (F4 and the remaining characters) which are then encrypted
sepa¡ately.

was ¿¡ssessed without assigning scores to it. The link-
ages were performed using the original datasets (ie
coding errors found aftcr the extensive linkage
described above were not corrected). For each key, the
number of true and false positivcs was calculated and
the usefulness of the key was then expressed in the sen-
sitivity (ie proportion of all correct matches obtained)
and in the positive predictive value (PV+) of a
reported match (ie proportion of reported matches
that represent correct matches). The optimal key was
defined as the key which shows the best combination of
sensitivity and PV+. To minimize the number of false
positive matches any further, the initial computer link-
age with the optimal key was followed by a second,
manual stage. In this stage, matches were separated as
far as possible into true and false positives by visual
checking, using additional information that was not on
file (eg birthplace and migration data of cohort mem-
bers). Manual collection and evaluation ofthese data is
only feasible when rhe computer linkage shows a high
initial PV+.

RESULTS
Determination of All Correct Matches
The initial very tolerant linkage between the cohort
and lKl-registry, with a threshold score of 90, resulted
in 8499 compute¡ matches. (In the linkage cohort
members can match to more than one cancer registry
record, especially with this low threshold; the maxi-
mum number of possible pairs of ¡ecords is 8081 x
8917 :72 058 277). Table 3 (second column) shows the
distribution of computer matches according to their
total scores. The maximum score that could be
obtained was 180. Computer matches with scores of
12G-180 were visually checked using all available iden-
tifiers, and potential migrations of cases were eval-
uated. All 179 computer matches with scores 16G-180
were found to be correct, whereas the nine reported
matches with scores of 140-150 included only one cor-
rect match. In the category with a score of 120-130,
eight correct matches were found out of 185 computer
matches. All eight records represented cases whose
F4-part of the family name had not been converted by
the IKl-registrars according to the standard format (ie
conversion of ij' into'y').

With regard to computer matches with scores of 110
or less, it was anticipated that for a number of matches,
the additional information would be incomplete,
thereby leaving uncertainty about acceptance or rejec-
tion of the match. To overcome this problem, only
matches representing prevalent cancer cases were con-
sidered first, whose diagnoses could be checked against
the self-reported information on the cohort question-

v20
M20
D20

F60
F4 40
t20

P4 30

P3 t0
G10
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Tett.r: 3 Linkage bctv'eeil thc cohort (n = 808 I ) and thc I K L-ragistry
(n : 8917): distribution of rcported contpúet nútches tccordiilS to

total score, before and after úsudl ißpcction (thrcshold scorc 90).

Numbcr of computer matchcs

Falsc positives* True positives"

90-1 10

t20-130
140-150
160-180
Total

8126
185

9
1',?9

u99

8126
t77

8

0
831 I

*As detem¡ned by visual inspection of computer matches.

naire. From the computer matches with scores of 90-
110, cases (n : 1059) with clearly distinguishable
cancer sites (eg, lung, breast, stomach, kidney), diag-
nosed in the year preceding September 1986 and still
alive at baseline v/ere selected from the IKl-registry.
Visual assessment of the agreement between IKL-reg-
istry and cohort regarding tumour site and year ofdiag-
nosis revealed no correct matches in this group. It was
therefore assumed that among the total group of
matches with scores of 90-110 no additional coûect
matches would be detected. This was based on the
observation that among the category with scores of
120-180, all 94 correct matches representing prevalent
cases with these tumour sites diagnosed in 1.985 or 1986
had been self-reported by cohort members. Thus, the
8499 computer matches were separated into 188 true
positives and 8311 false positives.

Selection of Optimal Linkage Key
Following the determination of presumably all correct
matches, linkage with specific keys was conducted on
the original datasets. The following keys were used: all
identifiers together, individual identifiers separately
and identifiers in various combinations. The results are
presented in Table 4, together with the sensitivity and
PV+ (the denominator used to calculate sensitivity is
188). When all identifiers (listed in Table 1), except
birthplace were used as key in the computer linkage,
only 167 true positives were matched (sensitivity
88.8%), but PV+ was 1@7o. This clearly shows that
the use of many identifiers in a computer linkage yields
a considerable number of false negatives, because of
an increased chance of a coding error in one or more
identifiers. The 2L false negatives occurred because of
errors in the IKL-file regarding F4 (n = 2), remainder
of F (3), M (1), Y (1), I (9), married name (2), prefix
(3) and P4 (1, ie migration). One false negative was the
result of simultaneous errors in I and in the mar¡ied
name. Excluding DOB from this key resulted in a sub-
stantial decrease of PV+ with oniy a minor improve-
ment of sensitivity.

To idcntify the optimal linkage key while striving for
parsimony, we started with idcntifìers that have been
indicated in the literature to be relevant:ì2'rr DOB, F or
F4, G. Using DOB as the only identifier in the linkagc
key resulted in a very high sensitivity (98.9%), accom-
panied by many false positives (PV+ 3.5%). Using
only F or F4 resulted in many more computer matches,
indicating that the family name is far less informative
than DOB. With F4, an increased sensitivity was noted
compared to F. Combining DOB and F4 resulted in a
PV+ of 94.8% withasensitivity of97.9"/". Thecombi-
nation DOB1F4/G showed a high sensitivity (97.9%) as

well as a high PV + (97 .9%). Extending this key with I,
P4 or P3 elevated PV+ further, but reduced sensitivity
at the same time. Moreover, the use of postal codes in
any key is not feasible because their value is time-
dependent (migration isnot assessed continuously for
all cohort members). The keys DOB/G and F4lG are
not attractive options: PV+ is very low, although sensi-
tivity is high (98.9%). The key DOBÆ4/G was there-
fore considered optimal, given the combination of its
sensitivity and its PV*. With the use of this key, 188

computer matches were reported. Using additional
information on P4 and birthplace, it was possible to
separate these 188 matches correctly into true and false
positives, and maintaining the same level of sensitivity.
(When place of birth was unknown, agreement on
other identifiers had to exist to accept a match). Also,

"I^BLE 4 Linkage between tlrc cohort (n = 808 I ) and the I K L-registry
(n:8917); nuñber ofreported compuler motches, nue positives, false
negatives, seßitiv¡ty and PV+ obtained with variow linkage keys,

coreisting of all identifers together, individøl identifers separalely or
combinations of identifers.

T¡ue False Sensitivity PV+
Matches positives negatives (%) (%)

0
8

I
t79
r88

Key

All identiñers 167

All, except DOB '19'7

DOB 5276

F4 102 070
F 49 808

DOB/G 2664

DOB/F4 194

F4lC 50 970

DOB/F4IG 188

DOB/F/G I84
DOB/G/P4 203
DOB/G/P3 321

DOB/F4|G/I 175

DOB|F |G|P4 183

DOB/F4|G/P3 184

DOBIFAIGIIIP3 174

DOB/F/G/I 172

167

t69

186

186

183

186

184

186

184

181

185

185

175

183

183

174

1'72

21

l9

2

2

5

2

4
2

4

7

3

3

13

5

5

14

16

88.8 100

89.9 85.8

98.9 3.5
98.9 0.2
9't.3 0.4
98.9 '7.0

91.9 94.8
98.9 0.4
97.9 91.9

96.3 98.4

98.4 91.1

98.4 5'7.6

93.1 100.0

9'7.3 100.0

9-ì.3 99.5
92.6 100.0

9r.5 100.0

*Multiple matches possible per @hort member, especially whe¡ the
linkage key consists of few identifie¡s.
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linkage with the key DOB/F4|G resulted in four false
negatives. This was due to misspellings in F4 (n = 2)
and errors in M (month of birth) (1) and Y (year of
birth) (1).

DISCUSSION
We evaluated the usefulness of various keys for record
linkage between two datasets. In general, one would
prefer to use as many identifiers as possible for accu-
rate discrimination between individuals, especially
when very large files are being used. This does not
imply that one should use all identifiers in a linkage
key, because identifiers may also contain errors. The
optimal choice of identifiers to be included in the key
depends on their informativeness versus susceptibility
to error and on the time-dependency of identifier
values. Thus, a record linkage using all identifiers is not
a very sensitive method, although the predictive value
of such a reported computer match may be maximal.
The sensitivity is increased by using less identifiers in
the key, but this produces more false positive matches.
The problem can be dealt with when the available iden-
tifiers are used in two steps. Firstly, one uses a rela-
tively small number of accurate identifiers in the initial
computer linkage. Secondly, true and false positives
are separated in a visual check using other information
which is highly informative and accurate, but may
require additional collection. Given the extremely
high specificity values for all reported keys, the optimal
key is then the key \¡/ith the highest sensitivity given a
reasonably high PV+ (ie a number of false positives
that can reasonably be identified manually).

The key DOB/F4/G behaved optimally in this res-
pect. Extending the number of characters of F beyond
four adds only a small amount of information.13 Also,
errors tended to occur more towards the end of the
name. The results indicate that the flrst initial is especi-
ally.prone to coding enors. This is partly due to dis-
crepancies between given and (municipal) Christian
names that can exist for Dutch subjects. For example,
frequently occurring given names as'Hans' or'Kees'
have Christian names 'Johannes' and 'Cornelis',
respectively. In separating true and false positives,
information on birthplace and (for migration cor-
rected) postal code was very important. Unfortu-
nately, the informativer3 and accurately recordedrr
birthplace is not commonly registered in Dutch
hospitals.

The score values used in the initial determination of
all correct matches are somewhat arbitrary, although
they roughly reflect the informativeness ofthe items.r3
However, the score values per sø are not important in
this respect, as long as one is able to separate matches

correctly. The use of weights in record linkage com-
bined with manual verification has been described
before.'o'lt

Due to coding errors, the key DOB/F4/G was associ-
ated with a false negative rate of2o/o. By anticipating
certain potential errors in F4 and DOB, one can poten-
tially increase the sensitivity to some extent. Wi.h
regard to names, various phonetic coding systems have
been developed in England, Canada and the US to
match variant spellings of names.T-e r8.le Such a system
is not available for the Netherlands and it cannot be
applied to the cancer registries because these contain
encrypted names. Instead, the data ofcoho¡t members
are now systematically scrutinized for name types that
can easily be misspelled when the subject is registered
in a hospital. In future linkages, an additional (flagged)
record will be used, containing the misspelled version
of the name. When a match occurs on this additional
record, it will be carefully evaluated in the second stage
of the linkage process in order to avoid an increase in
the number of accepted false-positive matches. The
two eüors in DOB-items were of the type M+1 and
Y+ 1. Analyses of duplicate records in the lKl-registry
indicated that more than half of the coding enors in
DOB-items consisted of two sorts: value t 1 and + 10.
Such error patterns can also be anticipated on in future
linkages.¡e

For the cohort study, separate linkages with all
regional cancer registries are planned, in which the
specific regional cohorts will be selected from the large
cohort and linked to the respective registries. In this
wa¡ the prevalence of correct matches in these link-
ages wil be comparable to the present study, as will be
PV+.

APPENDIX
DOB : date of birth; D : day of birth; F : famity
name (excluding prefix); F4 : first four characters of
family name; G : gender; I = first initial; Ìrí : month
of birth; P4 : postal code (all four digits); P3 : postal
code (first three digits only); PV+ : predictive value
of a positive match; Y : year of birth.
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validation of a dietary questionnaire used in a large-scale
prospective cohort study on diet and cancer*
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Abstract

The validity of a self-administertd mailed dietary questionnaire (150 food items), used
in a cohort study on diet and cancer (1201852 men and women, aged 55-69), was
investigated in a subgroup of the cohort (59 men and 50 women) two years after the
baseline questionnaire was completed. A dietary record, kept over three 3-day periods,
four to fÏve months apart, served as reference method. Pearson correlation coeflicients
between nutrient intakes assessed by the record and the questionnaire that was
completed afterwards ranged from 0.40 for vitamin B-1 to 0.86 for alcohol intake, with
correlations for most nutrients between 0.6 and 0.8. Adjustment for energ/ intake and
sex did not materially affect these correlations, except the correlation for fat intake,
which changed from 0.72 to 0.52.
To evaluate the representativeness of the study population for the entire cohort, a
comparison was made with the baseline questionnaire of a random sample of the
cohort. Correlation coeflicients were only slightly modified when the results were
extrapolated to the cohort at large. Correction of correlation coefficients for
attenuation by day-to-day variance in the record data improved them by 0.07 on
average. It is concluded that the questionnaire is able to rank subjects according to
intake of food groups and nutrients.

+ Submitted for publication



Introduction

A self-administered dietary questionnaire is often the method of choice in a large-
scale epidemiologic study, such as a prospective cohort study, into dietary habits and
disease. The validity of such a questionnaire is not self-evident, since it is limited with
respect to the foods included and fhe degree to which portion sizes are quantified.
Moreover, each questionnaire needs to be tuned to the specific dietary habits of the
study population. Validation studies of a number of self-administered dietary
questionnaires have been published (e.g. 1-9).

We developed a self-administered, mailed dietary questionnaire for use in a large-
scale prospective cohort study on dietary habits and cancer in the Netherlands (10). The
cohort, consisting of 120,852 men and women aged 55-69, was recruited from the
general population and completed the baseline questionnaire in 1986 (11). The
questionnaire is repeated each year iri random samples of the cohort (n=400) to assess
its reproducibility and the stability of dietary habits over time.

This paper describes the validity of the dieøry questionnaire as compared to a nine-
day diet record. Considering the etiologic purpose of the cohort study, validity of the
questionnaire is primarily defined as its ability to rank study subjects according to
nutrient intake and food (group) consumption. Since the performance of a
questionnaire also depends on the actual study population, the validation study was
conducted within the cohort. Assessment of selection bias, potentially introduced by
incomplete participation in the validation study, was included in the study design.

Materials and methods

Study design
The diet record method was used as reference method, since its errors are assumed

to be independent of the errors in a food-frequency type questionnaire (12). Dietary
intake was recorded over three periods (of three consecutive days each, Figure 1),
representing three seasons in the Netherlands differing with respect to consumption
patterns for (specific) vegetables, fruits and meat (13, 14).

Figure 1. Design of the validation study of the dietary questionnaire used in the Cohort Study on Diet
and Cancer in the Netherlands, 1987/1988.

Validation study group:

participants: Ql

non-participants: Ql

Reproducibility group:

participants: Ql

non-participants: Q1

Time frame:

RRR-RRR-RRR-Q2

S/O J/F J/J

Sept Sept Sept
1,9K 1987 1988

RRR = 3-day record
O = dietary questionnaire; Q1 and Q2 are the baseline and repeated dietary questionnaires

respectively.
S/O = September/October; JÆ = January/February; J/J = June/July.

Q2



The dne recording days were balanced across the days of the week for each subject and
for the study group as a whole. The diet record was compared to the questionnãire that
was completed approximately three months after the last recording period.

'To investigate a possible learning effect of recording of intake, the questionnaire
application coincided with the repeated questionnaire completed annually in the cohort
by participants of the.aforementioned reproducibility study (Figure 1). FurthermoÍe, to
assess the representativeness of the validation study group (participants as well as non-
participants) with regard to the cohort, the baseline questionnairei of this group were
compared to those of the 1988 reproducibility study group, which constituted a random
sample of the cohort.

Unless specified othgrwise, all results pertain to the questionnaire completed by the
study subjects at the end of the year in which recording took place.

Subjects
Since the participants had to be visited at home during each recording period,

recruitment was confined to 12 municipalities, located in an eastern and i western
region of the Netherlands. As far as degree of urbanization was concerned, these
municipalities were representative of the 204 from which the cohort was recruited.

Of a total of 212 randomly selected cohort members (107 men and 105 women),
109 subjects.(59 men and-50 women)_completed the validation study (51 percent); í2
did not participate from the start, and 11 dropped out during the stuày. R"u"ooí fo,
non-participation and drop-out could be attributed to refusal (two thirds) and
unavailabìlity (death, no contact, absence during one or more recording periods, etc.).
Among the non-participants, six subjects were excluded because they did not manage ío
keep the record or did not eat at home most of the time and were hence not 

"rpõt"ato keep a good record.

Dietary questionnaire
The purpose of the dietary questionnaire was to assess habitual consumption of

approximately 150 foods during the past year. The foods included in the questìonnaire
were originally selected according to their contribution to the between-perion variance
of .the, intake of energy and of the following nutrients: protein (vegetable as well as
animal), fat (saturated, monounsaturated and poþnsaturatid), cholesterol,
carbohydrates- (mono- -and disaccharides, poþaccharides), dietary fibér (of cereal as
well as vegetable and fruit origin), alcohol, calcium, vitamin A, ß-carotene and vitamin
C _(10). The contribution to the variance was calculated from a data set previously
collected by means of a dietary history method in a population of men and women of
the same age category as the cohort.

For each item, the questionnaire asked for frequency of use on a scale of seven
frequency categories: nevefess than once per month, once per month, 2-3 times per
month, once per week, 2-3 times per week, 4-5 times per week, 6-7 times per week. The
number of servings per consumption frequency was asked in natural (e.g. apple, slice of
bread) or household units (e.g. glass, spoon). For cooked vegeøbies and meat, the
typical individual serving size in grams was asked. For several items, the frequency
categories were replaced with the number of serving units taken daily (coffeê, tei
bread), weekly (eggs, onions, tomaioes) or monthly (mushroomr, s*"eì peppers).
Questions on vegetables were specified with respect to season (summer ana *inter).
Margarine used on bread and cooking fats and oils were specified'as to type and brand
in open questions. An open-ended question also asked to list any foods eãten regularly
(once a week or more) but not included in the questionnaire.



Questionnaires were double-keyed and automatically coded by the data-entry
program. Data were checked for completeness, consistency, range, and other response
errors and corrected whenever feasible by means of an SPSS computer program, which
had been developed using the data from the first 3000 cohort questionnaires entered
and from an earlier small validation study (15). The resulting program ensures identical
cleaning procedures for all questionnaires.

To determine the completeness and the quality of the questionnaires, they were
evaluated by means of the number of blank items and by means of an error index,
which was calculated as the sum of the scores of L5 variables that indicated each the
presence of a specific response error (see footnote to Table 4). Visual inspection of the
cohort questionnaires had revealed that part of the subjects had consistently skipped
items that they never ate, instead of checking the frequency category "neverfess than
once per month". Questionnaires were considered unacceptably incomplete when either:
(a) more than 60 items (out of 150) were left blank and less than 35 items were eaten
at least once a month; or (b) one or more item blocks (i.e. groupings of items in the
questionnaire, e.g. beverages) were Ieft blank. According to these criteria 6.0 percent of
the cohort (6.5 and 5.5 percent for men and women respectively), among whom 1
percent had mistakenly skipped a page, has to be excluded from etiologic analyses
relating dietary habits to cancer. In addition, 1.0 percent of the cohort members were
excluded because the error index of their questionnaires exceeded 10. This criterion was
based on the subjective verdict of inconsistency after visual inspection of the
questionnaires.

Diet records
The diet records were collected and coded by nine (student) dietitians (three for

each recording period), who were trained and supervised by one experienced dietitian
(H.A.M.B.), who also checked the coding of each record. The participants were asked
to write down all foods and beverages taken and to specify type and brand. The amount
had to be specified in their own household measures (glass, etc.) and/or weight as
purchased. We did not use a weighed record method since, in our experience with
untrained subjects, it is liable to mistakes. Moreover, it has been found that weighing
could influence eating habits (16).

one day before the beginning of the recording period, the participant rvas
instructed at home by the dietitian and received the diary, including written instructions
and examples. The day after the last recording day, the same dietitian checked the diary
with the subject and, if necessary, with the subject's partner. During the same visi! the
dietitian measured the capacity of the household utensils (glasses, cups, etc.) specified
in the diary and weighed the amount of butter or margarine used on bread and the
amount of sugar used in tea and coffee. For the second and third recording periods, the
instruction visit, but not the check visit, was skipped and diaries were mailed to those
participants who appeared to have properly understood the record-keeping procedure.

Calculation of intake of nutrients and food groups
Mean individual nutrient intake per day was calculated from the record as the

average of the nine recording days. Questionnaire data were converted to mean daily
intake by multiplying consumption frequency, number of serving units and weight of a
unit (either standard or individual). Th" weight of a standard serving was either derived
from pilot study data or from common Dutch household measures. If the number of
serving units was omitted, the median number found among other questionnaires was
taken instead. Since the serving sizes of potatoes and other bulk foods, such as rice and
pasta, appeared to be proportionally related within subjects, the substituted number of



serving units for these bulk foods was derived from the serving size of potatoes for the
same subject. Season was taken into account when applicable.

Record and questionnaire data (mean daily item intake) were both converted to
nutrient intake using the computerized Dutch food composition table (17). Although
validation of supplement use was included in the study design, nutrient inøke through
supplements is not taken into account in this paper. Results indicated that vitamin
supplements (A c or multivitamin supplements) were used by 3 to 9 percent of the
validation study population and correctly reported by 67 percent of the users; calcium
supplements were correctly reported by 53 percent of the fifteen (L4 percent) users
(Dorant et al., submitted for publication).

The items in the questionnaire were also aggregated into 27 food groups according
to their shared properties and origin (e.g. bread, vegetables). For each food group mean
daily weight consumed was calculated. The purpose of classification was to evaluate the
validity of the questionnaire with respect to food group-related properties other than
the nutrients studied and to facilitate interpretation of the strengths and limitations of
the questionnaire.

Data analysis
Nutrient intakes calculated from the record and the questionnaire were

log-transformed to improve their distribution towards normality. Results \ryere,
however, similar for untransformed data. An alcohol intake of 0 gram per day was
replaced with 0.1 gram per day before transformation. Energy-adjusted nutrient intakes
were calculated as residuals ûom regression of each log (nutrient) on log (energy) and
sex (12). Pearson correlation coefficients between record and questionnaire 

'were

calculated for unadjusted and adjusted nutrient intakes.
Furthermore, men and women were divided into quintiles according to nutrient

intake (unadjusted and energy-adjusted) assessed by the questionnaire. For each
quintile, the corresponding .mean (untransformed) nutrient intake as assessed from the
record was calculated (12). For this procedure, energy-adjusted residuals, to which
mean nutrient intake was added, were calculated from untransformed energy and
nutrient intakes.

For the comparison regarding the 27 food groups, most of which had a skewed
distribution, a Spearman correlation coefficient was used. The specific food items within
each food group were not analyzed individually, because estimation of their usual
consumption frequency on the basis of a nine-day record was expected to be imprecise.

Analysis of variance was applied to both the number of blank items and the error
index of the baseline questionnaire (log-transformed), assessing the effects of group
(validation study group versus reproducibility study group) and participation status for
the repeated questionnaire (participants versus non-participants). The presence of a
learning effect with respect to the number of blank items and the error index (repeated
versus baseline questionnaire) was investigated in both study groups with a paireút-test.

To account for possible differences in the error index among the validation
subgroup and the cohort, Pearson correlation coefficients were adjusted to the
distribution of the error index in the baseline questionnaires of the reproducibility
sample. Calculations were performed using the error index dichotomized at the highest
tertile (scores five and over) in the cohort. Regression analyses of nutrient intake
assessed by record on that assessed by questionnaire were conducted within each of the
two groups that differed with respect to error index. In the usual formula for a squared
correlation coefficient the residual sum of squares in the numerator was replaced with
the residual sum of squares within both groups together with the sum of squares of



regression over both groups. Thus, correlation coefficients can be calculated according
to:

2

ú = t - ft(df, x RMs) + ssl / ssY
i=l

In this formula, ! denotes the group, df the degrees of freedom, RMS the residual mean
square of regression within group !, SS the sum of squares of the regression over groups
and SSY the variance of the dependent variable (i.e. nutrient intake assessed by
record). The actual adjustment for the error index was conducted by substituting the
degrees of freedom in both groups for those derived from the distribution of the error
index in the reproducibility sample.

Finally, because day-to-day variation will still have influenced the observed mean
individual intake based on nine days (18), correlation coefficients were adjusted for this
source of variation according to Beaton et al. (19) with 95 percent confidence intervals
according to Rosner and Willett (20). For this purpose, the ratios of within-subject to
between-subject variance of nutrient intake were calculated from the nine recording
days, ignoring day-of-the-week and period effects.

Results

Out of a total of 109 questionnaires completed by the validation study subjects, 2
(1.8 percent) were incomplete according to the formal criteria, leaving 707
questionnaires (59 from men and 48 from women) for analysis. The corresponding
percentage for the reproducibility study group was 4.7. No questionnaires needed to be
excluded for an error index exceeding 10.

Table 1 presents the mean daily nutrient intake for both dietary methods as well as
unadjusted and adjusted (for energy and sex) Pearson correlation coefficients. Data for
men and women were pooled since none of the correlations differed significantþ
between men and women. For most nutrients mean intake according to the
questionnaire was lower than according to the record; only for poþnsaturated fa!
dietary fiber, niacin and vitamin C the questionnaire gave a higher intake. On average,
the questionnaire covered 91 percent of the record intàke. Unadjusted correlation
coefficients ranged from 0.40 (95 percent confidence interval (CI) 0.22-0.54) for vitamin
B-1 to 0.86 (CI 0.80-0.90) for alcohol, with a median of 0.69.

The only substantial (though statistically non-significant) differences in correlations
between men and women were found for dietary fiber (0.79 and 0.63 respectively),
vitamin A (0.58 and 0.46) and vitamin B-Z (0.66 and 0.55). For fiber the sex difference
was attributable to the higher range in intake of bread for men, for vitamin B-2 one
woman had an outlying residual that was responsible for the lower correlation.
Correlation coefficients adjusted for energy intake and sex ranged from 0.33 (CI
0.15-0.49) for vitamin B-L to 0.86 (CI 0.80-0.90) for alcohol, with a median of 0.67.
Spearman correlation coefficients, calculated from untransformed nutrient intakes, are
included in Table 1 for the purpose of comparison. They were slightly lower than the
corresponding Pearson correlation coefficients.

To assess the relation between record and questionnaire data for different reference
periods, the baseline questionnaire was also compared to the record (Table 1). Energy-
and sex-adjusted correlation coefficients for the baseline questionnaire ranged from 0.25
(CI 0.06-0.43) for vitamin A to 0.85 (CI 0.79-0.89) for alcohol, with a median of 0.64.
No systematic differences were found between the baseline and repeated questionnaires
with respect to absolute intake of energy and nutrients (data not shown).



Table 1. Mean daily energy and nutrient intake as asessed by 9-day record and by the questionnaire,
and Pearson correlation coefficientst between the two methods (59 men, 48 women): Cohort
Study on Diet and Cancer in the Netherlandg 798711988.

Nutrient Questionnaire Record with
questionnaire

Remrd with
baseline
questionnaife

Mean SD Mean (7a)t SD Unadjusred r Adjusted$ r Adjustedf r

Energy (kcal)
Total protein (g)
Vegetable protein (g)
Animal protein (g)

Total fat (g)
Saturated (S) fat (g)
Poþnsaturated (P) fat (g)
P/S ratio
Cholesterol (mg)

Total carbohydrates (g)
Mono-/disaccha¡ides (g)
Polysaccharides (g)

Dietary fiber (g)
Alcohol (g)
All participants
Alcohol users only$

Water (g) ll

Calcium (mg)
Phosphorus (mg)
Potassium (mg)
Vitamin A (mg eq. f)
Vitamin B-1 (mg)
Vitamin B-2 (mg)
Vitamin 8-6 (rrg)
Niacin (mg)
Vitamin C (mg)
Iron (mg)

Protein, Vo of energy tntake
Faf, % of energy intake
Carbohydrates, Vo of energy

intake

1898 ( 86) 477
68.ó ( 88) 13.e
24.6 (r00) 7.2
44.0 ( 83) 10.7

825 ( 82) 26.s
32.4 ( 76) 10.e

17.8 (105) 9.r
0.s8 0.28
243 ( 74) 76

200.8 ( 88) 57.9
n.s ( 83) 37.0

108.3 ( e4) 34.r
27.3 (106) 7 .7

L0;l
13.3

21.40

908
t402
3551
0.87
1.09
1.47
L4't6
13.6

104.4
12.4

81) r2.r
86) r2.7
94) 484
84) 268
91) 377
97) 69s
92) 0.29
96) 0.2s
87) 0.38
e8) 322

102) 3.e
108) 39.4
97) 2.7

0.s9 (0.52) 0.61
0.68 (0.67) 0.71.
0.64 (0.s8) 0.69
0.52 (0.s0) 0.47
0.s8 (0.53) 0.s9
0.75 (0.73) 0.63
0.76 (0.77) 0.66
0.62 (0.6s) 0.&
0.71 (0.6s) 0.7t
0.7e (0.77) 0.68
0.79 (0.7s) 0.7e
0.74 (0.68) 0.70

0.86 (0.88)
0.76 (0.82)
0.7s (0.74)
0.62 (0.s4)
0.6e (0.67)
0.7t (0.67)
0.48 (0.44)
0.33 (0.37)
0.67 (0.62)
0.67 (0.62)
0.61 (0.64)
0.ss (0.51)
0.s3 (0.s4)

o.se (0.s8)
0.s2 (0.s0)
0.71 (0.68)

0.85
0.74
0.67
0.62
0.60
0.62
0.25
0.s7
0.72
0.61
0.67
0.42
0.48

2219 445
77.5 15.2

24.5 ó.0

s3.1 14.0

100.2 27.1
42.2 125
17.0 7.1

0.42 0.1,9

330 99
2n.5 s1,.2

11r.9 32.6
LL5.6 32.4
25.7 6.8

13.2 t4.7
16.3 14.8

2281 508
1076 332
1545 345
36s4 637
0.9s 0.32
1,.t3 0.24
t.69 0.46
L447 294
I3.3 4.3

96.7 42.4
12.8 2.7

14.2 2.5
40.3 5.0
41.3 s.-5

0.74 (0.70)
0.61 (0.54)
0.77 (0.73)
0.61 (0.s4)
0.72 (0.69)
0.73 (0.73)
0.73 (0.70)
0.76 (0.7e)
0.66 (0.71)
0.77 (0.72)
0.78 (0.76)
0.83 (0.76)
0.74 (0.68)

0.86
0.78
0.73
0.60
0.66
0.66
0.s2
0.40
0.62
0.67
0.6?
0.58
0.58

0.67
0.57
0.72

(0.8e)
(0.8s)
(0.73)
(0.ss)
(0.s8)
(0,63)
(0.4e)
(0.42)
(0.58)
(0.6s)
(0.61)
(0.s2)
(0.ó1)

1.4.7 2.4
38.7 5.6
42.4 5.9

0.61

0.47
0.71.

(0.62)
(0.56)
(0.68)

* Based on log"-transformed values. In parenthesis: Spearman correlation coefficients for untransformed
data.

f % of record mean.

f Adjusted for energy intake and sex.

$ n = 8ó, based on alcohol users according to questionnaire.
ll Includes water in beverages and foods.
f mg equivalents: retinol (mg) + ß-carotene (mg)/6.

Table 2 shows the intake of food groups and the correlation between the two
methods. As for the nutrients, the questionnaire generally resulted in lower intakes than
the record; exceptions were vegetables, citrus fruits, bread and added fats. On average,
the mean of the intakes of all food groups as assessed by questionnaire accounted for



85 percent of the record assessment. The Spearman correlation coefficients ranged from
0.38 for vegetables to 0.89 for alcoholic beverages, with a median of 0.60.

Table 2. Mean daily intake of food groups (g)t as assessed by 9-day record and by the questionnaire,
including correlation coefficients (59 men, 48 women): Cohort Study on Diet and Cancer in
the Netherlands, 1987/1988.

Food group Record

Mean SD

Questionnaire

Mear (Vo)l SD Spearman's r

Potatoes
Rice
Vegetables
Fruits
Citrus fruits
Other fruits
Bread
Milk and milk products
Cheese
Eggs

Meat
Meat products
Fish
Other sandwich filling*
Added fats
Added sugar
Cakes, cookies
Soup
Non-alcoholic beverages
Alcoholic beverages

162 83

79 36
1,ffi 83
207 L07
67 59

t40 81
r34 54
363 220
33 20
20 13

99 38
20 16

1,9 23

1s 12
4s 21.

19 22
51 30
'72 70

t13r 420
139 222

136 ( 84)
17 ( 88)

18e (118)
189 ( e1)
72 (107)

1r7 ( U)
1se (11e)
311 ( 86)
2r ( 64)
15 ( 75)
e7 ( e8)
12 ( s7)
1r ( 58)
11 ( 71)
47 (103)
16 ( 82)
28 ( só)
67 ( e4)

1102 ( e7)
9e ( 71)

73
30
69

11,4

70
91,

70
r92

15

10

36
11

12

11

25

22
23
87

383
138

0.74
0.39
0.38
0.60
0.68
0.60
0.80
0.60
0.61

0.61

0.46
0.54
0.53

0.68
0.57
0.&t
0.65
0.54
0.63

0.89

r Food groups with mean intake less than 10 g per day are not listed in this table: pulses, cereals, mixed
dishes, nuts, snacks, candy and soy products.

t Vo of record mean.

f Including peanut butter, jam and other sweet fillings.

Table 3 visualizes the actual level of and the heterogeneity in nutrient intake that
could be discriminated by quintiles derived from the questionnaire. Energy adjustment
decreased the range for some nutrients, and for some nutrients the results suggest non-
linear relationships. For example, the questionnaire was not able to separate the two
highest quintiles of vitamin C intake, but could nevertheless discriminate a twofold
range. The anomaly in the two highest quintiles of vitamin C intake was likely to be
attributed to subjects consuming fresh orange juice who checked both the item on
(pressed) oranges and that on orange juice.

Table 4 shows the mean number of blank items and the mean error index of the
questionnaire according to study group and participation. The validation group had a
lower number of blank items and a slightþ lower mean error index at baseline than the
reproducibility group. Furthermore, among both study groups, the baseline
questionnaires of the participants had significantly less blank items and response errors
than those of the non-participants; in both study groups combined, the mean number of
blank items for participants was 18.6 versus 223 for non-participants, while the mean
error index was 3.2 and 3.8 respectively. There was no evidence for an interaction effect



between participation status-and study group. Compared to the baseline questionnaire,
the mean error index of the repeateã--questioniaire was not significantly 6*"r;ã,
indicating the absence of a learning effeìt attributable to record'ing of úhke. Th;
number of blank items, howcver, was significantþ lower for the ,"p"uìãd questionnaire,
particularly in the reproducibility group.

Table 3' Mean nutrient intake assessed b{_?-¿uy record according to quintile categories of nutrientinlake assessed by^ques^tilltnaire (sl mén, 48 women): cËnott bruJy on Diet and cancer inthe Netherlands, 1987/1988.

Nutrient Unadjusted Adjusted for energy+

Q5QoQ3Q2Q,qQoQ3Q,Q,

Energy (kcal)
Men
Women

Protein (g)
Men
Women

Total fat (g)
Men
Women

Polyunsaturated fat (g)
Men
Women

Cholesterol (mg)
Men
Women

Mono-, disaccharides (g)
Men
Women

Polysaccharides (g)
Men
Women

Dietary fiber (g)
Men
Women

Alcohol (g)
Men
Women

Calcium (mg)
Men
Women

Vitamin A (mg eq.)f
Men
Women

Vitamin C (mg)
Men
Women

Fat, Vo of energy intake
Men
Women

1981 2378 2395 25tL
1636 2047 1826 21ß

28/;0
2274

99 80 7s 8276 60 69 72

138 100 104 10811,1, 85 84 9l

26 t2 17 1920 11 10 15

455 272 318 343396 257 272 308

lss 82 103 722138 88 98 102

169 99 11,6 1271,12 87 9s 100

83
76

113
93

21,

18

414
338

124
115

139
lt6

24
23

7
3

925
94s

0.86
0.87

86
93

37
40

78 74 83
58 7L 71

84 97 109
71, 87 89

72 15 20
10 1.4 13

253 2U 343
21,9 287 285

75 103 t26
77 103 101

94 1.11 127
77 100 99

20 24 26
1,9 23 26

l614
034

88 93
73 78

1,tt 117
93 99

22 23
17 21.

3s2 46s
33s 351

128 1.47

176 130

144 1.54

102 118

29 37
24 29

28 35
12 24

29 37
24 27

27 36
1L 24

1.32
t.t6

94
14t

44
45

59 81 87 103
7s 102 101 138

34 40 39 4338 39 39 43

874
756

0.76
0.76

1481
L2v7

20
20

1

1-

934
799

0.87
0.75

53
75

38
38

25
24

l4
4

lly2
1015

0.y7
0.93

92
108

39
40

1065 r0r2 1084
1026 983 1146

0.97 0.89 1.03
0.81 0.90 0.87

1018 7463
1106 1332

1.07 1.21
0.93 1..02

100 93
139 I42

42 43
42 44

* Adjusted intakes for record and questionnaire nutrients were calculated as residuals from regression
_ analyses of nutrient on energy intake, to which mean nutrient intake was adáeã.f mg equivalents: rerinol (mg) + ß-carotene (mg)/6.



Table 4. Mean number of blank items and mean error index* of baseline questionnaire and (repeated)
questionnaire by study group and participation status: C.ohort Study on Diet and Cancer in the
Netherlands, 7987 I 1988.

Study group/
participation status

Numbe¡ of blank items E¡ror index

Baseline Repeated Baseline Repeated

Mean SD Mean SD Mean SD Mean SD

Validation study group

All subjects (n=199)f
Participants (n=10a)
Non-particþants (n=95)

All subjects (n=373)T
Participants (n=281)
Non-participants (n=92)

Reproducibility study group

27.5
26.2
30.7

14.5S 23s

3.4
1s.7$ 24.2 3.2

4.1*

18.1

16.3

20.0t

25.8
25.5
26.2

3.3 2.3
3.0 1.9 2.9 7.9
3.5t 2.6

20.8
19.4
2s.t+

2.4
2.4 3.5 2.2
2.4

* Etror index is the sum of 15 scores each representing an inconsistency or other reqponse e¡ror in the
completed questionnaire (0 = no error, 1 = moderate error,2 = se¡ious error). Since the value of 2
wâs not assigned for 7 out of 15 variables, the maximum score that could theoretically be attained was
23; acfial7y, the highest score encountered in the cohort was 14. The error index did not include the
number of blank items. Its exact composition is available on request.

t Data refer to accepted questionnaires.
t Significant difference (p<0.05, lo&-transformed data) betvreen participants and non-participants, both

study groups combined. There was no evidence for an interaction effect between participâtiotr stâtus
and study group.

$ Significant difference (p=O.OOf, paired t+est) between baseline and repeated questionnaire, both study
groups combined.

Table 5 shows some implications of the validation study results for the cohort as a
whole. The Pearson correlation coefficients for intake of the major nutrients, adjusted
for energy and sex as presented in Table 1., were adjusted for the distribution of the
error index in the questionnaires of the cohort, i.e. the baseline questionnaires of the
random reproducibility sample. Based on the dichotomized error index, 2L percent of
the questiohnaires of the validation study participants appeared to fall within the high
error group, compared to 32 percent of the baseline questionnaires of the random
reproducibility sample. The anticipated decrease in correlation coefficients was small
and appeared to be mainly restricted to cholesterol and vitamin C.

There was no need to adjust for the difference in number of blank items between
the two groups, since it resulted in minor (less than I percent), non-sþnificant
differences in nutrient intake, which was considered as a measure of underreporting.

The attenuation of the correlation coefficients due to the relatively low number of
nine recording days is demonstrated by the effect of correction for day-to-day variation
in the record data (Table 5). Although the 95 percent confidence intervals became
somewhat wider, correlation coefficients increased on average by 0.07. Due to their
relatively Iarge day-to-day variation, the effects of de-attenuation were most pronounced
for cholesterol and vitamins A and C.



Table 5. Pearson correlation coefficients between nine-day diet record and questionnaire for nutrient
intake (adjusted for energy and sex), after co¡rection for error index of the questionnaire and
day-to-day variation in the record (59 men and 48 women): Cohort Study on Diet and Cancer
in the Netherlands, 1987/1988.

Nutrient fürrelation
between record
and questionnaire*

(9580 CD

Adjusted
for error
indexT

Adjusted for e¡ror
index and day-to-day
variation

rt (9s7o CÐ$

Protein
Total fa¡
Poþnsaturated fat
Cholesterol
Mono-,disaccharides
Polysaccharides
Dietary fiber
Alcohol
Calcium
Vitamin A
Vitamin C

Mean

(0.45-0.70)
(0.37-0.65)
(0.65-0.82)
(0.4e-0.72)
(0.71-0.8s)
(0.71-0.85)
(0.64-0.82)
(0.80-0.m)
(0.4e-0.72)
(0.32-0.61)
(0.40-0.64

(0.48-0.75)
(0.3ó-0.64
(0.70-0.8Ð
(0.48-0.80)
(0.7s-0.8e)
(0.7s-0.89)
(0.67-0.84
(0.7e-0.e1)
(0.51-0.76)
(0.41-0.e1)
(0.3e-0.72)

0.s9
0.52
0.75
0.62
0.79
0.79
0.74
0.86
0.62
0.48
0.55

0.6ó

0.58
0.49
0.76
0.56
0.80
0.80
0.73
0.83
0.62
0.s2
0.s0

0.65

0.&
0.s3
0.80
0.67
0.83

0.84
0.79
0.86
0.66
0.76
0.58

4.72

I

+

$

Derived from Table 1.

See methods section (data analysis) for adjustment procedure.
According to Beaton et al. (19).
According to Rosner and Willett (20).

Discussion

We have validated a self-administered dietary questionnaire for use in a large-scale
prospective cohort study on diet and cancer in the Netherlands. A nuñber of
parameters are available to evaluate the validity of an instrument or method relative to
ano'her.method^(e.g. 12). we have chosen two of them: the (pearson and Spearman)
correlation coefficient and the distribution of mean nutrient intakes assess;d by thá
recgrd according to quintile categories of int¿ke assessed by the questionnaire.
Although the use of a correlation coefficient for validation púrposes in general is
criticized by 

-some_ 
(21), it has some attractive properties reÈvant to the" etiologic

purpose of the cohort study: the correlation coefficient reflects the questionnairã's
capacity to rank subjects according to exposure (more important ihan absolute

ryI:"aent)'faking into account the true variation in exposure in the population studied
(12). Thus, it is an adequate measure of the performance of the quesiionnaire in the
cohort population to which it is actualþ applied. Furthermore, it facilitates comparison
with other validation studies of self-administered dietary questionnaires.

Compared to a number of other self-administered questionnaires developed for a
similar puÌpose $a!19 9), o.t1 questionnaire, comprising approximately 150 fóod items,
is comprehensive. This is mainþ due to our requirement ió rank subjects with t"rp""í
to both nutrient and energy intake. In our study, the Pearson correlãtion coefficients,
for unadjusted as well as sex- and energy-adjusted intakes, were generally higher than
for questionnaires with fewer items, but similar to the Finnish questionnaire-wjth276



items (4). Inspection of Table 6 may lead to the tentative conclusion that the validity of
a questionnaire is proportional to its length, although not all questionnaires match this
rule (5,9). Of course, also other properties of the questionnaire, such as lay-out, data
editing procedures (22) and characteristics of the population (dietary pattern, range in
intake, motivation and ability to complete the questionnafue (22)) influence the validity
of the questionnaire.

Table 6. Comparison of validation studies of self-administered questionnaires using the diet record as
reference method with respect to the intake of some nutrients important in diet and cancer
studies (Pearson correlation coefficients).

First author
Reference
Year
Sex of subjects
Number of items

Willett Pietinen Pietinen

354
L987 1988 1988
M+F* M M
11,6 44 276

'[ønneland Rimm This study

89
t99L t992
M+F* M M+F*
92 131 1s0

Blæk

7
1990
F
94

Willett

2
1985

F
6t

Energy
Fat

Unadjusted
Energy-adjusted$

Polyunsaturated fat
Unadjusted
Energy-adjusted$

Fiber
Unadjusted
Energy-adjustedf

Calcium
Unadjusted
Energy-adjusted$

Vitamin A
Unadjusted
Energy-adjustedf

Vitamin C
Unadjusted
Energy-adjusted$

I

0.39
0.s3

0.40
0.48

0.46
0.s8

0.37

0.57
0.59

0.50
0.28

0.37
0.65

0.42
0.57

0.62
0.70

0.34
0.49

0.43

0.42
0.47

0.68
0.77

0.51

0.60

0.48

0.56

0.4'7

0.56

0.32

0.41.

0.58

0.4r
0.46

0.34
0.46

0.38
0.55

0.27
0.36

0.55
0.s8

0.59

0.60
0.52

0.40 0.69

052 0.69
0.61 0.52

0.33 0.7t
0.29 0.75

0.49 0.74
0.64 0.74

0.52 0.60
0.s3 0.62

0.3s 0.s3
0.41 0.48

0.26
0.36

0.63
0.66

0.73
0.76

0.70
0.73

0.62
0.66

0.51
0.49

0.59
0.60

0.6'.1

0.61

0.64 0.54
0.68 0.55

0.38
0.36

0.40

0.53

* Studies with both sexes are adjusted for sex (study 8 based on mean for men and women); study 3 also
adjusted for age because of the large age range of the study population (20-54 years).

f Empty entries: no data published.
f Adjusted for energy and sex, if applicable; study 3 also adjusted for age.

The correlation coefficients for food groups appeared to be somewhat lower than
those for nutrients. Differences in coding of foods between the two methods are partly
responsible for this: many of the record data were coded as ingredients from recipes or
mixed dishes as opposed to the questionnaire data, which were coded as food product.
Consequently, the division between food groups was not always clear, resulting in lower
correlations. For some food groups, such as vegetables, the relatively low correlation
(0.38) was due to a lack of variation in consumption frequency combined with, in our
eTperience, imprecise estimation of portion size. we have evidence, however, that
correlations for specific vegetables will be higher due to larger variation in consumption
frequency (15).

The general underestimation by our questionnaire of absolute mean nutrient intake
is more pronounced than for other questionnaires (2-5,7,9). Underreporting, caused by



an incomplete list of foods and items erroneously left blank, counteracts the effect of
overreporting caused by long lists of the same sort of items (22). In this study,
overreporting due to long enumerations was likeþ to have occurred for vegetables,
citrus fruits and meat. The consumption frequencies for specific meat types, ño*euer,
were adjusted to the reported weekly frequency of meat consumption, because the
adjustment appeared to increase correlation coefficients for the meat types (15). The
overreporting of bread may be due to occasional substitution of bread for other'foods,
such as crackers.

Like in other studies (2,4,5,9), comparison of the baseline questionnaire with the
dietary record revealed that it performed alnost as well as the repeated questionnaire,
whjch was actually to be validated. It shows that synchronization of the period of
reference for the diet record and the questionnaire was not very important, which is
indicative of stable dietary habits over time. This result is reassuring when it is
considered that a single measurement has to characterize a subject's long-term dietary
intake to link it to cancer risk. It may also indicate the absence of a training effect of
the diet record keeping which has been suggested by some.

A criticism of validation studies is that the participants are highly motivated and
will do better than the population in which the method has been applied at large. This
is a particular problem when response to the validation study is relatively low-such as
for this and other study populations that were not selected for high motivation from the
very start (9,23).Indeed, the percentage of questionnaires rejected for incompleteness
was 6.0 for the baseline questionnaires of the cohort and 4.7 and 1.g for the
questionnaires repeated in the reproducibility study and the validation study
respectively, whereas the number of blank items in accepted questionnaires was ahö
lower for the participants. Similarly, subjects who were willing to participate in the
validation study or the reproducibility study had less errors in their baseline
questionnaires already. Apparentþ, subjects who have more problems with the
questionnaire or have completed it somewhat carelessly, are less inõlined to participate
for a second time, in particular in a demanding method like a diet record.

Lack of comparability of the study groups with respect to completeness of the
questionnaires is largely solved by exclusion of incomplete questionnaires from all
anaþses according to identical criteria. Moreover, the difference regarding the number
of blank items within accepted questionnaires did not result in differential
underreporting. Adjustment for the impact of the difference between the two groups in
the error index, which is conceptually more directly related to the qnestionnâire's
performance than, for example, nutrient intake and level of education, hãs shown that
selection of the validation study group did not appear to influence the generalizability
of the results to the cohort at large.

The adjustment for intraindividual variation in nutrient intake as determined by the
record shows that some of the observed correlation coefficients were attenuated by the
relatively small number of nine recording days. Vitamins A and C have both relaiively
low observed correlations. However, the low correlation of vitamin A apparently hai
been caused by the high day-to-day variation in the record daø, whilé vitamin c
assessment depends more on questionnaire performance as v/as also suggested by the
quintile analysis.

In conclusion, we have shown that the questionnaire is able to rank subjects

ldequ{9ly according to intake of the food groups and nutrients investigated. Æthõugh
the validation study group differed from the cohort with respect to completeness and
quality of their questionnaires, this appeared to be no major threat to the
generalizability of the validation study's results to the cohort.
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Chapter 6

Reproducibility of a food frequency questionnaire and
stability of dietary habits determined from five annually
repeated measurements*

R. Alexandra Goldbohml'z,Pieter van 't Veer1, Piet A. van den Brandt2,
Martin A. van 't HoÉ, Henny A.M. Brantsl, Ferd Sturrnans2, Rudolph J.J. H".-,rrl.

1) TNO Toicologt and Nutrition Institute, Zeist, the Netherl"ands; 2) Ilniversity of Limburg, Department of
Epidemiologt, Maastricht, the Netherlands; 3) University of Nijmegen, Departmmt of Medical Statistirs,
Nijmegen, the Netherlands

Abstract

The reproducibility of a 150-item food frequency questionnaire (FFQ), which has been
used to assess dietary habits in a cohort study on diet and cancer among 1201000
subjects' was determined from Íïve annually repeated questionnaire administrations in
independent random samples fmm the cohort. Pearson comelation coeflicients between
the baseline and the repeated measurement of nutrient intake were calculated for each
time interval, i.e. ranging from one to five years. Linear regression of the correlation
coeflicients on time interval provided estimates of the test-retest correlation of the FFQ
(intercept of the regression line) and of the decline in correlation over time (slope).
The test-retest correlation averaged over all nutrients was 0.66. The average decline in
correlation amounted to 0.07 after five years, indicating that the potential of the FFQ
measurement to rank subjects according to,,nutrient intake is maintained relatively
well over time. It is concluded that a single bâseline measurement of the FFQ is a good
indicator of nutrient intake over a period of at least five years.

* Submitted for publication



Introduction

Fogd frequency questionnaires are often the method of choice for assessing dietary
habits in large-scale epidemiological studies, such as a prospective cohort study. It is
generally recognized, however, that it has to be validated against a standard reierence
method of dietary assessmen! such as a diet record (1,2). It is furthermore considered
desirable to assess the reproducibility of the instrument by repeating the questionnaire
administration, although such information is much less needed in the presènce of data
from a validation study. In the latter situation repeated measurements are mainly useful
to assess changes in dietary habits over time (1,2).

Most studies on reproducibility of food frequency questionnaires or dietary histories
have repeated the measurement once (3-7) o4 occasionall¡ trnice (s). From these
studies, it is difficult to deduce whether the imperfect reproducibility is'caused by the
measurement error of the instrument, changes in dietary habits between the
administrations, or both. A further complicating problem is that part of the
measurement error may not be random, but correlated between two measurements by
the same instrument resulting in spuriously high reproducibility. This happens when an
error associated with the questionnaire recurs systematically for a subject (9).

we evaluated the reproducibility of a self-administered food frequency
questionnaire (FFQ) that has been used for baseline assessment of exposure in á hrgô
prospective cohort study on diet and cancer (10). The questionnaire has been validated
against a 9-day diet record (Goldbohm et al., submitted for publication). While the
validation study provided insight into the measurement error of the questionnaire, we
also wished to know how well one measurement was able to characterize the long-term
dietary habits of the participants in the cohort study. Therefore, we repeated the
questionnaire administration annually during the first five years of follow-up in random
independent samples of the cohort. The relatively large number of repetitions allows us
to separate the effect of changes in dietary habits over time from the (pure) test-retest
error of the questionnaire. This type of information is relevant for the interpretation (or
correction for attenuation) of the associations between dietary habits as assessed by the
FFQ and the outcome, i.e. the risk of cancer.

A second purpose of this study was to combine the results from the validation and
the reproducibility study to elucidate to what extent the measurement error is
correlated between two repeated measurements. Although this information is less
relevant to the interpretation of the diet-cancer relation, it may provide more insight
into the composition of the measurement error associated with a food frequency
questionnaire, and thus open ways to improve methods in future studies.

Subjects and methods

Subjects and design
The prospective cohort study on diet and cancer has been initiated in the

Netherlands in September 1986. The cohort included 58,279 men and 62,573 women
aged 55-69 at the start of the study. At baseline, the cohort members completed a
mailed, seH-administered questionnaire, which included the food friquency
questionnaire. A subcohort of 3500 subjects, randomly sampled from the cohori after
baseline measurement, was followed up for vital status biennially by means of short
mailed questionnaires. The subjects for the reproducibility study were randomly
sampled from the subcohort and comprised five independent samples of 400 subjecti
(200 men and 200 women), one for each year in which the food frequency



questionnaire was repeated. The repeated questionnaires were mailed in the same
month (September) as the baseline questionnaire in each following year (1987 to 1991).

Food frequency questionnaire
The dietary questionnaire and its processing have been described in detail by

Goldbohm .et al. (submitted for publication). The questionnaire's most important
characteristics are summarized here. It assessed habitual consumption of 150 fooà items
during the past year. Respondents could choose one of r"rr"o fteqrr"ncy categories
ranging from never/less than once per month to 6-7 times per week. The number of
servings_ per .consumption frequency was asked in natural or household units (e.g.,
glass)' Questions on vegetablel were specified with respect to season qsummer'aiá
winter). lfargarine used on bread and cooking fats and 

-oils 
*"re specifièd as to type

and brand in open questions. An open-ended question also asked b lìst any foods eaten
regularly (at least once- a week)-but n-ot included in the questionnaire. ihe repeated
questionnaires included- an ¿dditional question on the changes in dietary habits
perceived by the respondent since the baseline administration.

Questionnaires were double-keyed and checked for completeness, consistency, range
and other response errors. In the subcohort, 7.0 percent of the baseline questiánnairãs
were considered unacceptable according to formal criteria for incompteteness or
inconsistency. (Goldbohm et al., submitted for publication). Nutrient intake was
calculated using the computerized Dutch food compõsition tåbl; (11).

Data analysis
Participants of the reproducibility study were excluded from data analysis when

their 
'baseline or repeated questionnaire was considered unacceptable foï ,"uroo,

described above. Nutrient intakes were log-transformed to improve their distribution
towards normality. An alcohol intake of 0 gram per day was ieplaced with 0.1 gram
before transformation. Energy adjustment of nutiient intakes wås done by meaís of
regression analysis according to Willett and Stampfer (12).

The analyses referred to the intake of a number of nutrients considered relevant for
diet and cancer studies (see Results). Pearson correlation coefficients were calculated
between the baseline and each repeated measurement. The five resulting data points
(correlation coefficients), i.e. one for each time interval, were regressed on-time inierval
since baseline. The slope of the resulting regression line ii an indicator of the
intraindividual difference_ in change in nut¡ient intake over time, while the intercept (r¡)
provides an estimate of the reproducibility of the measurement as if no timã Èaä
elapsed between these measurements (13). For comparison of the measurement error
between subgroups of the study population, we calculated the standard deviations of the
differences between baseline and repeated measurements.

Finally, the variance of nutrient intakes as assessed by the FFQ was divided into
between-subject and within-subject variance. The latter ii to be considered as error
variance of the FFQ. The ratio of within- to between-subject variance of the FFe was
estimated from the Pearson correlation coefficient between the FFe and reference
method used in the validation--study (9-{uy diet record), adjusted for the within-subject
(day-to-day) variation io ,l:.diet record (14). subseqúentþ, the error (within-subjåct)
variance of the FFQ was divided into random and còrrelaied error variànce (14)."Thá
error correlated between two FFQ measurements was calculated from the ¿afa âf tne
validation- and the reproducibility study combined. First, the expected (in the absence of
correlated error) te,st-retest correlation was calculated from the vaHdâtion study as the
square of the correlation coefficient between FFQ and record, corrected for day-to-day
variation in the record. Then, the expected correlation was subtracted främ thä



correlation observed in the reproducibility study the resulting difference represents the
proportion of correlated error variance of the total variance observed by the FFQ.

Results

Table 1 shows the response tq the repeated questionnaire administrations after
correcting the samples for uneligible subjects (i.e. deceased and moved to an unknown
address). The overall response during the five years wÍìs 827o. Neither a trend with
increasing time interval nor relevant differences between men and women were
detected. After exclusion of subjects with unacceptable (i.e. incomplete or inconsistent)
baseline and/or repeated questionnaires, 74.97o of the eligible subjects remained for
data analysis. Among the responders, the mean percentage of unacceptable baseline
questionnaires was 5.3%. The proportion of responders with acceptable baseline, but
unacceptable repeated questionnaires increased fuom 7.57o in L987 to 5.67o in 1991.

Table 1. Response to the annually repeated questionnaire administrations.

Year Eligible* Responders Acceptedf Eügible* Responders Acceptedf

n (Vo) n (Vo\ (v")(vo\

1987
1988
1989
1990
1991,

Total

(83)
(83)
(81)
(7e)
(86)

(83)

152
138
14t
130

1,42

703

t74
1,43

t54
153

155

779

166 (83)
131 (70)
1,44 Qs)
133 (70)
136 (73)

(87)
(77)
(80)
(80)
(83)

(82)

(7e) 200
(74) i86
Q4) rez(73) reL
(78) r87

(76) es6

1,û
155

1,54

1,40

158

767

r93
186
190

t78
183

930 710 (74)

* Sample sizes at baseline: 200; deceased subjects and subjects with unknown address were considered
ineligible.

f Incomplete and inconsistent questionnaires excluded.

Table 2 presents descriptive data on nutrient intake in the study population as

assessed by the baseline FFQ. Evaluation of the mean nutrient intakes over time
revealed very weak trends, which were compatible with differences between age groups,
i.e. among both sexes there was a tendency to decrease energy and energy-adjusted fat
intake (with the exception of poþnsaturated fat), which was compensated with protein
(men) or carbohydrates (women).

The separation of the intraindividual change over time from the reproducibility of
the FFQ is illustrated in Figure 1 for calcium intake in women. The mean correlation
coefficient over five time intervals is 0.63. Linear regression of the interval-specific
correlation coefficients on time interval resulted in a regression line that had a slightþ
negative slope and its intercept (16) at 0.69. The slope indicates a decline in the
correlation coefficient of 0.02 per year.



Table 2. Mean and sÎândârd deviation of nutrient intake as assessed by the baseline FFQ and trend (7o
of baseline mean in five years)* for men and women.

Nutrient

Men (n=703) Women (n=710)

Mean SD 'Irend (Vo) Mean SD Tterd (%)

Energy (kcal)
Protein (g)

Animal
Vegetable

Fat (g)
Satu¡ated
Monounsalurated
Poþnsaturated
Cholesterol (mg)

Carbohydrates (g)
Mono/disaccharides
Polysaccharides

Alcohol (g)
Dietary fiber (g)
Vitamin A (ng eq)f

ß-carotene (ng eq)T
Retinol (mg)

Vitamin C (mg)
Calcium (mg)
Selenium (pg)

2134 470
75.0 16.5
47.6 13.3

28.0 8.3
92.7 27.4
36.4 t1..4
34.9 11.1
19.5 9.5

27s 88
222.7 62.4
t01.2 41..4

120.7 36.1
1,4.7 15.4
28.8 8.7
1.02 0.41

0.41. 0.22
0.61 0.34

98.9 41.4
937 377
6t.l 15.9

t670 395
65.3 15,3

43.7 12.8
22.0 6.5
73.6 23.6
295 9.9
27,6 9.6
L4.9 7.5

234 7t
176.5 47.2
84.0 32.0
92.3 25.6
5.4 8.5

25.I 7.1
0.89 0.38
0.42 0.23
0.47 0.27

107.6 45.1
895 312
53.ó t4.9

-1
a

-2
-2
_J

-5
-5

8

-10)
J

2
23

-5
-19
-t2
-26
-1

0

-5

4

3

5

0

I
J

3

6
5

0

L

0

1
)
7

0

L2

6

7

1

* Trend: regression coefficient of the (energy-adjusted) difference between baseline and repeated
measurement regressed on time interval (5 years), expressed as Vo of the baseline mean. A nègative
value denotes a decreasing trend.

T retinol equivalents: ß-carotene(mg)/6 + retinol(mg).

45
Tlre fnterval (yêar)

Figure 1. Example of the regression of the Pearson correlation coefficients between trÀ7o measurements
of the FFQ on time interval between the measurements. This example pertains to calcium
intake ilr women.

F = 0.626
ro = o 68Ê

6lope - - 0.020



Table 3. Mean Pearson correlation coefficients (r*) between paired measurements of nutrient intake by
FFQ and pa¡ameteÍs of their regression on time interval.

Unadjusted Energy-adjusted

Nutrient rm ro* Res.SDf rm fo* Res.SDf

Energy
Protein

Animal
Vegetable

Fat
Saturated
Monounsâturated
Poþnsaturated
Cholesterol

Carbohydrates
Mono/disaccharides
Polysaccharides

Alcohol
Dietary fiber
Vitamin A

ß-carotene
Retinol

Vitamin C
Calcium
Selenium

Meant

Energy
Protein

Animal
Vegetable

Fat
Saturated
Monounsaturated
Poþnsaturated
Cholesferol

Carbohydrates
Mono/disaccharides
Polysaccharides

Alcohol
Dietary fiber
Vitamin A

ß-ca¡otene
Retinol

Vitamin C
Calcium
Selenium

Meant

Men

0.056
0.041
0.108
0.050
0.097
0.074
0.081
0.099
0.071
0.044
0.0s7
0.079
0.044
0.047
0.065
0.037
0.061
0.042
0.075
0.0s8

Women

0.081
0.064
0.054
0.088
0.115
0.056
0.104
0.095
0.041
0.040
0.065
0.050
0.010
0.064
0.061
0.084
0.I02
0.062
0.034
0.057

0.68
0.57
0.s5
0.ó6
0.63
0.64
0.64
0.64
0.66
0.71
0.68
0.68
0.85
0.68
0.51
0.55
0.46
0.62
0.59
0.58

0.63s

0.64
0.61
0.60
0.61
0.56
0.59
0.57
0.55
0.6s
0.67
0.65
0.65
0.84
0.66
0.52
0.58
0.47
0.64
0.63
0.55

0.61',7

0.63
0.57
0.s4
0.70
0.s8
0.62
0.64
0.60
0.61
0.72
0.70
0.74
0.90
0.71,
0.48
0.52
0.50
0.67
0.67
0.63

0.649

0.66
0.63
0.65
0.64
0.60
0.68
0.60
0.62
0.73
0.67
0.68
0.ó8
0.87
0.ó9
0.66
0.69
0.56
0.71,

0.ó9
0.46

0.663

0.s2
0.54
0.63
0.58
0.62
0.60
0.64
0.66
0.70
0.63
0.67
0.85
0.69
0.49
0.54
0.43
0.ó3
0.59
0.57

0.619

0.61
0.59
0.s9
0.48
0.56
0.58
0.54
0.61
0.61
0.s9
0.61
0.84
0.67
0.49
0.57
0.40
0.&
0.63
0.s4

0.597

0.61
0.61
0.6s
0.56
0.69
0.65
0.63
0.62
0.72
0.72
0.72
0.89
0.78
0.54
052
0.57
0.69
0.73
0.64

0.674

0.64
0.64
0.68
0.43
0.62
0.61
0.65
0.72
0.57
0.66
0.62
0.87
0.76
0.67
0.71
0.43
0.73
0.63
0.42

0.650

0.036
0.092
0.076
0.104
0.099
0.096
0.065
0.073
0.044
0.054
0.044
0.046
0.034
0.077
0.029
0.08s
0.042
0.088
0.143

0.059
0.049
0.070
0.071
0.040
0.048
0.06ó
0.066
0.041
0.050
0.033
0.019
0.067
0.033
0.081
0.085
0.056
0.075
0.077

* Irtercept of the linear regression line: estimate of r (test-retest) from which the effect of change over
time has been ¡emoved.

f Residual standard deviation for regression of r on time interval.
$ The following nutrients were included in the calculation of the âverages: energy, animal and vegetable

protein, saturated, monounsaturated and poþnsarurated fat, cholesterol, mono/disaccharides,
polysaccharides, alcohol, dietary fiber, ß-carotene, retinol, vitamin C, calcium and selenium.



Table 3 summarizes the mean correlation coefficients and the regression results for
all nutrient intakes. For most nutrients a negative slope was observed, but none of them
significantly differed from zero. The decrease in correlation averaged across nutrients
ranged from 0.005 to 0.018 per year. The intercept was on average ca. 0.05 higher than
the mean correlation, with the exception of the unadjusted intake in men, which
showed a smaller difference. The residual standard deviation of the regression ranged
from 0.01 (alcohol) to 0.14 (selenium). For most nutrients, it agreed well with the
standard error of the mean of the correlation coefficients (0.07), indicating that the fit
of the regression lines is according to expectation.

Overall, 137o of the men and l77o of the women reported to have changed their
dietary habits between the two measurements. These proportions did not increase with
increasing time interval. The measurement error of nutrient intakes (expressed as a
percentage of mean intake) is displayed in Table 4 for all subjects as well as for those
who reported a change in their dietary habits after baseline measurement. The
measurement error, which in this table also includes the intraindividual change in
dietary habits between two measurements, was consistently higher for the subjects who
reported to have changed habits. Adjustment for energy intake consistentþ decreased
the measurement error. The measurement er¡ors were very similar for men and women
(data not shown), with the exception of intake of energy and fats, which was ca. '1.5%o

higher for women than for men. Adjustment for energy intake strongly reduced these
differences.

Table 4. Pooled measurement error (%) of nutrient intakes assessed by FFQ for all subjects and
subjects who reported to have changed their dietary habits after baseline.

Unadjusted

All Changed AI

Energy-adjusted

Nut¡ienl Changed

Energy
Protein

Animal
Vegetable

Fat
Saturated
Monounsaturated
Poþnsaturated
Cholesterol

Carbohydrates
Mono/disaccharides
Polysaccharides

Alcohol
Dietary fiber
Vitamin A

ß-carotene
Retinol

Vitamin C
Calcium
Selenium

13.3

14.8

20.0

t6.7
79.9
20.7
2L.0
32.0
19.9
1,4.9

23.t
1,6.3

77.4
16.6
26.0
32.9
37.3
25.6
21..7

18.0

14.2

15.9

23.0

17.3
22.I
23.8
24.s
35.4
24.7
I7.4
29.1,

1,8.7

84,9
17.0

27.2
31,.7

40.2

27.7
25.7
23.2

10.4

16.2
t2.4
10.9
13.0
12.6
27.1,

L6.7

9.3

19.3

12.2
75.9
13.7
22.9
32.4
32.5
24.s
18.9
15.3

11,.6

17.9

13.1,

14.7

t7.3
16.8
31..6

20.9
11.1

24.2
14.7

83.s

14.3

24.6
31..4

36.2
26.s
22.4
20.6

Table 5 shows for a limited number of nutrients the results of the partitioning of
variance as measured by the FFQ. The ratio of within- to between-subject variance of



the nutrient intakes was less than L, with the exception of the higher ratio for intake of
protein, calcium and vitamin C. Adjustment for energy intake did not substantially
change the relative size of the variance components, except for fat intake for which the
relative contribution to between-subject variance decreased. The nutrients that showed
the highest correlated error were, again, protein, calcium, vitamin C and energy-
adjusted fat.

Table 5. C.omponents of variance (7o) of nutrient intake as assessed by FFQ (unadjusted and energ5r-
adjusted).

Nutrient Between-
subject

Within-subject

Total Rmdom C¡melated

Within-subject

Total Random Correlated

Between-
subject

Unadjusted

53

38
54
56
58
64

72
64
78
40
40
39

Energ-adjusted

Energy
P¡otein
Fat
Poþnsaturated fat
Cholesterol
Mono/disaccharides
Polysaccharides
Dietary fiber
Alcohol
Calcium
Vitamin A
Vitamin C

47
62
46
44
42
36
28
36
22
60
60

61

1,4

22
7
5

LL

5

-1
6

10

28
18

30

25
24

J

t2
1,

-1
12

8

25

Í
31

37 63 38
32 68 44
62 38 35
55 45 33
68 32 31
ó8 32 33

65 3s 23

80 20 12

43 s7 32
49 51 40
40 60 29

-t-t

40
39
39
31,

31,

29
30
L2

32
42
31,

Discussion

We have evaluated the stability of dietary habits over time among participants of
the Dutch cohort study on diet and cancer. Mean intakes changed very little. The
correlations between two measurements decreased slightly over time, indicating a minor
change in the capacity of the baseline €Fa) measurement to rank subjects within the
distribution of nutrient intake.

A matter of potential concern in the interpretation of the results is the
representativeness of the participants of the study, in particular those with acceptable
questionnaires, relative to the entire cohort. Although response remained high during
the study period, the proportion of unacceptable questionnaires increased somewhat
with time. This is compatible with the cross-sectionnally observed association between
age and proportion of unacceptable questionnaires. As people grow older, they
experience apparently more trouble in completing the questionnaire, most likely due to
sickness, poor sight or shorter memory. We may thus have included in the
reproducibility study subjects who perform better on average than the cohort at large.
Ilowever, since the percentage of questionnaires that had to be excluded in addition to
those already excluded from the baseline measurement in the complete sample is small
(3.27o), the effect on generalizibility of the study results to the cohort at large is not
likely to be serious.

Our data also provided evidence that subjects who consciousþ changed their dietary
habits have consistently larger measurement errors than those who did not report a



change. These results are consistent with the assumption that the decreased correlation
over time is to be attributed to intraindividual change in dietary habits and have also
been observed by others (15,16). It is not immediately clear why the proportion of
subjects who reported a change did not increase with time. The most plausible
e4planations are that they may have forgotten any changes in the more distant past (i.e.
more than a year ago), as is consistent with the literature (17-22), or that reported
changes may have been temporary. The latter explanation does not fit the data.

To describe the reproducibility of the FFQ and the intraindividual stability of
nutrient intake over time, we used the Pearson product-moment correlation coefficient.
This statistic depends on both the within-subject measurement error of the instrument
and the variation of the measured variable in the population. It therefore adequately
describes the ability of the FFQ to discriminate between e4posure levels within the
study population (2). Furthermore, the straightforward statistical properties of the
Pearson correlation coefficient facilitate calculation of statistics such as the (pure) test-
retest error and the intraindividual change over time, as was done in the present
analysis. Finally, the Pearson r (or the related regression coefficient) may be used to
correct for attenuation present in associations between nutrient intake as assessed by
FFQ and outcome (9,23,24). For other commonly used statistics, such as percentage
agreement, (weighted) kappa (20) and the intraclass correlation coefficient (3,4,6-8), it
has been shown empirically that they are related to the Pearson r (25). Indeed, in
reproducibility studies of diet assessment the intraclass and the Pearson correlation
coefficient appeared to be very similar (3,4,6). In our study, the intraclass correlation
coefficient would be less useful as it also depends on temporal trends in mean intake.

Repeated measurements are relevant since they give information on how well the
classification of subjects is maintained over time. This is of particular importance in diet
and cancer studies, in which the relevant dietary exposure is presumed to extend over
many more years than just the one addressed by the FFQ. Potential alternative
approaches to this problem include recall over a longer reference period than one year
or a more distant past, but, unfortunately, such approaches tend to be influenced
considerably by current habits (17-22). Another, costþ approach, which has been used
in some prospective studies (26), is to repeat the FFQ administration regularly in the
entire cohort. Our results substantiate the initial idea that a single FFQ administration
is not only relevant to the dietary habits in the previous year, but may extend to a much
longer period. The average decline in correlation after five years amounted to 0.07.
Assuming that the same trends in correlation apply to the five years preceding the
baseline measurement, we may have been able to quantifu the measurement error of
the single FFQ measurement with respect to the dietary habits over a ten-year period.
Extrapolation of the decrease in correlation beyond the five year period may be
considered speculative, but is in line with the literature, which has reported correlation
coefficients of 0.30 to 0.40 for dietary assessments l1 to25 years apart (li,zT).

It is not very useful to compare the reproducibility of our FFQ to those reported
for other FFQs, since reproducibility is determined in different ways and FFQs may
have a varying degree of correlated error. One study, however, assessed the
reproducibility of an extensive cross-check dietary history method in the same way as we
did, also using 5 repeated measurements (13,27). In that study higher test-retest
correlations were found. For example, for calcium intake a r¡ of 0.83 was found,
indicating a smaller measurement error than observed for our FFQ (under the
assumption that the proportion of correlated error is similar for both methods). The
slope of the regression line, however, was smaller for the FFQ.

In addition to the assessment of reproducibility of the FFQ and the stability of
dietary habits, the data from this study, combined with those from the validation study,



provided a good opportunity to learn more about the measurement error of the FFQ.
Although there appears to be interest in this subject, published data are scarce (14).
The method proposed by Beaton (1a) to estimate components of variance is attractive,
but it relies on a number of assumptions. Since we cannot be sure that the assumptions
have been met the results have to be considered as rough indicators rather than as
exact data. For example, one of the assumptions, i.e. the reference (record) method
measures true usual intake, may not hold for all nutrients as is made plausible by
Hunter et al.(28). Another assumption, required for the calculation of correlated error,
is that there is no change in dietary habits between two FFQ measurements. We have
met this assumption by using the intercept (r¡) from the regression of correlations on
time interval, instead of the mean r. The results indicate that nutrient intakes as
assessed by FFQ have a ratio of within- to between-subject variance of less than 1., with
the exception of protein, calcium and vitamin C. These are also the nutrients with the
largest proportion of correlated error (>207o). These results appear to be more
favorable for our FFQ than those presented by wu et al.(29), who have found larger
within- to between-subject variance ratios. For our FFQ, energy adjustment did not
seriously affect the performance of the questionnaire, nor the composition of the
variance. Fat intake appeared to be the only unfavorable exception to this finding.
Although the measurement error appeared to decrease substantially after energy
adjustment, it did not outweigh the effect of decrease in true between-subject variance.

Repeated measurements in subgroups of the study population are advocated by
many authors (23,24,30,31) to correct relative risk estimates for attenuation. The
assumption that errors are independent is often made explicitþ (24,32). our data
suggest that errors may be correlated between two measurements, although their
relative size is small. Beaton (1a) has also given some examples of nutrient intakes
assessed by FFQ that have larger correlated errors. In particular (short) questionnaires
that are missing food items contributing substantially to the nutrient intake of part of
the subjects are likely to result in high reproducibility combined with low validity (9,33).
Relying on the reproducibility of the FFQ alone, which may be inflated by the
reproducibility of the error, might therefore result in underestimation of the attenuation
present in the data. For this reason, Walker and Blettnet (23) have suggested to
consider the reproducibility of a method as an estimate of the upper limit of the
correlation of that method with a presumed underlying "true" value.

In conclusion, we have demonstrated that a single FFQ measurement characterizes
dietary habits for a period of at least five years, and perhaps even for a decade.
Furthermore, the ratio of within- to between-subject variance of the FFQ and the
relative size of the error repeated between measurements do not seem to be as large
for most nutrients as has been suggested for FFQs in general.
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Predictors of toenail selenium levels in men and women*
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Abstract

Potential predictors of toenail selenium levels were studied in 1211 men and 1248
women aged 55-69 years. These subjects were randomly selected cohort members
without prevalent cancer (other than skin) participating in a prospective study on diet
and cancer in the Netherlands. Information on the considered potential predictors
(gender, age, smoking, intake of dietary selenium and arcohol, euetelet index) was
collected together with toenail specimens in 1986. The average toenail selenium
concentration was significantly (p<0.001) lower in men than in women: 0.s47 + 0.126
¡rg/g (mean + sD) and 0.575 + 0.109 ¡rglg, respectively. The gender diflerence
remained signilicant after adjustment for the other variables in multiple regression
analyses. Age was not associated with toenail selenium levels in men nor women. An
inverse association was observed with current smoking but not with past smoking. The
average toenail selenium values for male current smokers were 0.513 + 0.106 ¡¡g/g(mean + SD) versus 0.571 t 0.133 ¡rglg for male never- or ex-smokers (p<0.001). Foi
women these values were 0.548 + 0.101 and 0.581 + 0.109 pg/g, respectively (p<0.ffi1).
Dietary selenium intake was positively associated with toenail selenium levels in
multivariate analyses (p<0.001), but the association was weak (partial r = 0.09).
Alcohol intake and Quetelet index were no significant independent predictors of toenail
selenium. The observed associations had similar directions in both genders but were
stronger in men.

* Accepled by Cancer EpidemiologSr, Biomarkers & Prevention



Introduction

Several reports on the association between low tissue selenium levels and the risk of
cancer and cardiovascular disease (1-4) have increased the interest in the role of
selenium in disease-etiology during the past decade. Estimation of dietary selenium
intake in epidemiologic studies is considered unreliable since the selenium content of
foods may vary considerably between varieties of the same type of food, depending on
the soil where the food was grown (5). Therefore, epidemiologic studies on the relation
between selenium and chronic diseases often rely on biologic markers of selenium
status. Especially in relation to such diseases with long latency periods as cancer, these
markers should preferably reflect the long-term selenium status. Available markers
include selenium levels in whole blood, serum, erythrocytes, urine, hair and nails and
glutathione peroxidase activity (5-7). Of these, urinary and serum selenium levels reflect
short-term changes in dietary selenium intake (8,9), and it has been found that serum
selenium levels may be influenced by the presence of (preclinical) disease (10). Long-
term markers of selenium status include hair, erythrocytes and nails (8,11), while whole
blood appears to take an intermediate position in this respect between erythrorytes and
plasma (12,13).

In large-scale epidemiologic studies among thousands of subjects, markers such as
erythrocytes requiring invasive sampling and specific transport and storage conditions
are less attractive options. Hair and fingernails may be contaminated by selenium-
containing anti-dandruff shampoos (14,15) or environmental contamination in general
and may therefore be less useful, in spite of the observed correlation between hair and
blood selenium levels (3). Toenails are less prone to contamination problems in
populations wearing shoes and because their surface-to-volume ratio is smaller; their
usefulness as biomarker has been investigated in the last decade. Because toenails have
different lengths with corresponding age differences, toenails clipped from all toes at a
single time provide a time-integrated measure of selenium intake over several months
(6). Higher toenail selenium levels have been observed in subjects living in seleniferous
areas as South-Dakota compared to residents of Boston or New Zealand with low
selenium levels in the soil (11). Longnecker et al. (17) observed correlation coefficients
of 0.9L and 0.89 for selenium levels in toenails with those in whole blood and sen¡m,
respectively, among residents of South-Dakota and Wyoming. Also, elevated selenium
levels were found in toenails of subjects consuming dietary selenium supplements (16).
In a recent study in South-Dakota in a population with widely varying selenium intakes,
strong correlations were observed between selenium intake measurements from
duplicate meal portions and selenium levels in toenails, as well as sen¡m and whole
blood (18).

The observations on the potential value and sensitivity of toenail selenium
concentrations combined with feasibility considerations have stimulated the collection of
toenail clippings in epidemiologic studies (19-21). We have started a prospective cohort
study on diet and cancer among men and wome4 that includes toenail clippings as a
biologic marker of selenium status (22). Before analyzing the relationship between
selenium and the risk of cancer it is important to identi$ potential determinants of
toenail selenium levels in men and women, that may act as confounders in subsequent
analyses of selenium and cancer risk. Hunter et al. (16) recently concluded that
smoking, age and use of selenium supplements were predictive of toenail selenium
levels among IJS nurses, while alcohol and dietary selenium intake were not. Swanson
et al., however, did not observe a relationship with age in men and women (1S). The
purpose of our study was to examine whether associations between toenail selenium and



age, smoking, alcohol, Quetelet index and selenium intake in the Netherlands do exist
in women and to evaluate whether these relationships would also hold for men.

Materials and methods

Subjects
The study population is derived from an ongoing prospective cohort study on diet

and cancer that was started in September 1986. The cohort (n=120,852) of 55-69 year
old men (48.2 percent) and women (51.8 percent) originates fuom 204 municipal
population registries. At baseline, the cohort members completed a self-administered
questionnaire on diet and potential confounding variables and also provided toenail
clippings. For efficiency reasons a case-cohort approach is being used for the analysis of
the cohort study (22), requiring processing of questionnaires and toenail clippings of a
random subcohort (n:3500) and incident cancer cases only. For the present study on
potential predictors of toenail selenium we have used data of the subcohort only.
Prevalent cancer cases other than skin tumours were excluded from this group, leaving
3346 subjects (1630 men, 1716 women). of these, toenail clippings had been provided
by 1247 men (76.5 percent) and 1322 women (77.0 percent). problems with the
detection of toenail selenium (interference by other elements such as calcium) occurred
in 16 of these 2569 samples. An additional 94 specimens were excluded because the
specimen weighed less than 10 mg, which would yield unreliable selenium
measurements. Thus, toenail selenium data on 2459 subjects (1211. men, 1248 women)
were available for analysis.

Potential predictors of toenail selenium
The considered potential predictors of toenail selenium were: gender, age, smoking

habits (type of tobacco and amount smoked), alcohol consumption, euetelet index,
dietary selenium intake as calculated from food consumption and intake of selenium
supplements. Information on the predictors other than gender and age was obtained
from the baseline questionnaire. The food questionnaire has recentþ been validated
(Goldbohm et al., unpublished manuscript). The dietary selenium intake was estimated
by multþlying the average daily intake of foods with their selenium content. We used
data on the selenium content of Dutch foods which were collected for an earlier case-
control study on diet and breast cancer (21). Of the dietary questionnaires, about 7
percent could not be used for nutrient intake calculation because of missing or
inconsistent data.

Determination of toenail selenium levels
The toenail selenium analyses were carried out by the Interfaculty Reactor Institute

(IRI) at Delft University, the Netherlands. Toenails were first cleared by scratching off
any debris with a quartz knife. After ultrasonic cleaning with acetone for 15 minutes,
distilled water for 10 minutes and acetone for 15 minutes respectively, the specimens
were freeze-dried during L5 hours to eliminate any humidity variations between runs.
The selenium content of the toenails was measured by instrumental neutron activation
analysis of the metastable-selenium-77 isotope. The specimens were irradiated for 17
seconds in a thermal flux of L.2xI0r3 neutrons. s-1.cm-2. After a decay time of 20 seconds,
gamma radiation of 77*Se was measured for 60 seconds. The accuracy of the method
was checked by analysis of a certified Bovine liver standard (Standard Reference
Material 1577a of the US National Bureau of Standards). For 26 determinations, a
mean value (t SD) of 0.70 -|- 0.04 pg/g selenium was observed against a certified value
of 0.71 {- 0.04 pglg. The precision of the method was evaluated by duplicate seleniunr



measurements of specimens from 27 randomly selected subjects; the coefficient of
variation was 6.6 percent.

Data analyses
Because of some skewness to the right, data on toenail selenium concentrations and

dietary selenium intake were normalized with a log-transformation. Selenium intake
data were adjusted for energy intake by the residual method (23). The relationship
between toenail selenium and its potential predictors was tested in bivariate and
multivariate analyses. Analyses were carried out for men and women separately, and
afterwards combined, if appropriate. First, mean toenail selenium concentrations in the
various strata of the potential predictors were compared using a t-test. To investigate
the influence of various potential predictors simultaneously, multiple regression analysis
was employed with toenail selenium as the dependent variable and the potential
predictors as independent variables. Two-sided p-values are reported throughout.

Results

Before excluding toenail specimens with weights below 10 mg, the specimen weights
ranged from 1.25 to 280.59 mg in men and from 1.50 to 442.31, mg in women. With the
aforementioned exclusion, the average weight of the toenail specimens was 91.0 + 57.2
mg (mean * SD) in men and70.2 + 47.4 mg in women. In table L the mean selenium
levels in toenails of men and women are presented separately. Overall, men were found
to have significantly (p<0.001) lower mean selenium levels in toenails than women:
0.547 -r 0.126 p,glg versus 0.575 + 0.109 pg/g, respectively.

Table L also shows the associations between toenail selenium and the considered
potential predictors of toenail selenium levels for each gender. In the age range studied
(55-69 years) no association between toenail selenium level and age existed in men, nor
in women. Smoking, on the other hand, showed a strong relationship with toenail
selenium, especially among men. Current cigarette smokers have significantly (p<0.@1)
lower toenail selenium levels than persons who never smoked and the selenium levels in
men decrease with increasing amounts smoked. This relationship does not hold for
womeq where subjects smoking 10-19 cigarettes/day have the lowest toenail selenium
concentrations. The Spearman rank correlation coefficient between (untransformed)
toenail selenium and number of cigarettes smoked in the combined group of current
smokers and never-smokers was -0.29 lor men (p<0.001) and -0.13 for women
(p<0.001). Men who only smoke cigars or pipe also have significantly lower toenail
selenium levels than never-smokers. The corresponding Spearman correlation
coefficient for these 155 subjects was -0.20 (p<0.01a) in this case. Ex-smokers of
cigarettes have somewhat lower selenium levels than never-smokers but this difference
is not significant in men nor in women. When current smokers were contrasted with
never or ex-smokers, the average toenail selenium values for male current smokers were
0.513 -f 0.106 ¡rglg versus 0.571 -'- 0.133 pg/g for male never or ex-smokers (p<0.001).
For women these values were 0.548 -Þ 0.L01 versus 0.581 {- 0.109 pg/g, respectiveþ
(p<0.001).

Alcohol intake does not show a consistent relationship with toenail selenium
concentration. Subjects drinking more than 30 g alcohoVday have lower selenium levels
than non-drinkers (not statistically significant in men nor women). However, males
drinking 5-14 g alcohol/day show somewhat higher toenail selenium levels than males
drinking 1-4 g alcohol daily. 'Women drinking 1-4 g alcohoVday even show somewhat
higher selenium levels than non-drinkers, but the levels decrease with higher alcohol
consumption.



Table 1. Toenail selenium levels (¡rglg) according to va¡ious characteristics among 12LL men and 1248

women in the Netherlands, 1986.

Women
Characteristic

Mean + SD p valuef Mean = SD pvaluef

All subjects

Age (nÐ
55-59
ffi-&
6s-69

Smoking status
Never
Only cigarþipe
Ex-cigarette
Current cigarette

1_ gldày

10-19lday
> 20lday

Alcohol intâke (ødây)
0
t-4
5-14

15-29
>30

Quetelet index (kg/m'?)

<20
20-24
25-29
>30

Dietary Se (pg/day), quintiles
(energy-adjusted)

t (= 47.s)
2 (> 47.5-< 53.3)
3 (> 53.3-s s9.1)
4 (> 59.L-= 66.7)

s (> ó6.7)

1211 0.547 + 0.126

0.544 I 0.113
0.548 + 0.148
0.551 -F 0.1.1.2

0.576 -f 0.105
0.535 t 0.113
0.568 + 0.136

0.518 + 0.097
0.508 -'. 0.094
0.497 + 0.081

0.565 -'- 0.193
0.543 + 0.090
0.556 + 0.126
0.538 + 0.120
0.538 r 0.096

0.516 + 0.L06
0.550 r 0.140
0.545 -F 0.104
0.551. -Þ 0.086

0.529 + 0.095
0.548 -'- 0.169
0.543 + 0.126
0.561 + 0.119
0.562 + 0.116

0.791
0.304

0.021
0.313

< 0.001
< 0.001
< 0.001

0.271
0.776
0.072
0.134

0.150
_t
0.733
0.558

1248 0.575 -'- 0.109

474 0.575 -+ 0.109 - *
429 0.570 È 0.104 0.573
345 0.580 * 0.114 0.626

744 0.583 + 0.112

250 0.577 ! 0.101, 0.557

77 0.566 = 0.087 0:U7
93 0.537 + 0.112 0.001
65 0.551 -+ 0.096 0.030

366 0.573 -'- 0.113
404 0.580 {- 0.L14
209 0.572 -F 0.100
103 0.570 -F 0.106
45 0.557 r 0.082

57 0.558 + 0.137 0.345
591 0.571 r 0.113 - +
444 0.584 {- 0.101 0.014
109 0.570 -'- 0.093 0.751

2I3 0.550 + 0.097
235 0.581 -'- 0.106
243 0.585 I 0.129
237 0.575 -'- 0.104
250 0.577 -'- 0.096

o.nrt
0.908
0.821
0.403

467

426
318

1r9
46

636

57
t47
L52

170
235
314
261
159

35
579
5L3

47

õ.00,
0.002
0.015
0.006

o.ru,
0.282
0.001
0.001

253
227
21,6

232
220

* Due to missing questionnaire data, numbers may not add up to l2ll and L248, respectively.
t T-test between strata, based on ln-fransformed toenail selenium levels.

t Reference category.

Subjects with a Quetelet index less than 20 kg/m2 exhibit lower toenail selenium
levels in men and women than in the referent category 20-25 kglmz, although the
differences are not significant. Although women with a Quetelet index between 25-29
have significantly increased toenail selenium levels compared to the referent category
the levels are decreased again in the obese \ryomen (QI >30 Ugl^"). In men the toenail
selenium levels are comparable in the upper three Quetelet index categories.



Selenium supplement use was not reported by any of the subjects studied; therefore
its relationship with toenail selenium was not evaluated. Since the estimated selenium
intake was positively correlated with total energy intake (r=0.58), the relationship
between toenail selenium and dietary selenium was evaluated after âdjusting the latter
for energy intake. After dividing the energy-adjusted selenium inøke into quintiles (for
men and \ryomen combined) there was a positive trend with toenail selenium levels. Èor
men, the mean toenail selenium levels in the upper two quintiles of intake were
significantly higher than in the lowest quintile. For women, thè mean toenail selenium
levels in the second and third quintile were also significantþ higher than in the bottom
quintile but the levels in the upper two quintiles were somewhat lower than in the
second and third quintile. The Spearman correlation coefficient between toenail
selenium and energy-adjusted dietary selenium intake was 0.11 (p<0.001).

To investigate whether the lower toenail selenium levels in smokeri might possibly
be due to a decreased intake of selenium we also calculated the averige 

"o"rgy-adjusted selenium intake according to smoking habits and tested the differenões in bõih
men and women (table 2). The results in table 2 indicate that male current smokers
indeed consume less selenium per day (after adjustment for energy intake) than those
who never smoked; the difference increases with increasing amount smoked and is
significant for those smoking 20 cigarettes/day or more. In women, no significant
differences were observed although heavy smokers consume less selenium. TabIe 2 also
shows the mean energy-adjusted selenium intake values in men and women without
regard to smoking status. The mean selenium intake in men is significantþ lower
(p:0.003) than in women: 57.0 -r 12.7 p.glday and 58.7 -f 14.0 pglday, respectivóly.

Table 2. Mean..(+ SD) daily energ¡r-adjusted intake of selenium (pg) in men and women separately
according to smoking status.

Smoking status Women

Mean + SD p value* MeantSD pvalue*

All subjects

Never smoked
Only cigarþipe
Ex-cigarette
Current cigarette

7-9/day
l0-l9ld,ay
20+lday

1148 57.0 + '12.7

58.1, -+ 129
58.6 + 15.0
58.0 + 12.6

56.8 r 11.8
55.9 = 13.2
54.3 + I2.2

1778 58.7 r 14.0

701 58.4 + 14.0

240 (r0.0 ! 13.2

73 ñ.4 + 17.7
90 58.1 -F 13.8
62 55.3 + 14.3

0.458
0.788
0.065

0.s86
0.150
0.014

113

43

613

54

138

1,42

-l
0.874
0.972

-l

0.096

* T-test based on ln-transformed toenail selenium values.
t Reference category.

The results of both bivariate regression and multiple regression analyses, where the
effects of several predictors are controlled simultaneously, are shown in table 3.
Because the previous analyses in both genders had not revealed any large differences
between men and women in the associations with potential predictôrs, i'he regression
analyses were carried out for the combined group. The multivariate analysis ¡ãtaea a
significant effect of gender while no emõt ór age was observed. ihe'negative
association between smoking on toenail selenium levels remained significant in the



regression model although not for subjects who only smoke cigars or pipe. Alsq the
energy-adjusted selenium intake showed an independent positive association with
toenail selenium levels in this population. The partial correlation coefficient between
the two variables was 0.09, indicating a weak relationship. Although the effect is in the
anticipated direction, the significance of it (p<0.001) is merely the result of the large
number of individuals studied. The observed regression coefficient of 0.082 for the log"-
transformed values in the multivariate model implies, for example, a 4 percent increise
in toenail selenium level when the median of the top quintile of selenium intake (73.8
uqldlv) is contrasted with the median of the bottom quintile of intake (43.3 pg/àÐ.
Alcohol intake and Quetelet index were no significant predictors of toenail selenium-ín
this model. Together, the independent predictors gender, smoking habits and selenium
intake explained 7 percent of the variance in toenail selenium levels in this population.

Regression analyses conducted for men and women separately (resulti not shown
here) revealed similar directions of the associations with smoking and selenium intake
in both genders, although the associations were somewhat stronger in men.

Table 3. Predicto¡s of loenail sele¡ium levels (¡rg/g, ln-transformed) in bivariate and multiple regression
analysis n2459 men and women, the Netherlands, 1986.

Bivariate regression Multiple regression

ß se(ß) p value ß selti) p value

Intercept

Gender (M=0, F=1)

Age (10 years)

Smoking habits*
Only cigarþipe
1- 9 cigts/day

10-19 cigts/day
> 20 cigtslday

Alcohol intake (g/day)t
<15
>15

Quetelet index (5 kg/m'?)

Selenium intake (ln þC/d^y)
(energ¡r-adjusted)

0.051 0.008

0.005 0.009

-0.074 0.029

-0.053 0.017

-0.109 0.013

-0.11ó 0.014

-0.007 0.010

-0.041 0.012

0.015 0.006

0.101 0.018

-0.8s8

< 0.001 0.034 0.009 < 0.001

0.571 -0.010 0.010 0.308

0.011 -0.043 0.030 0.151
0.002 -0.043 0.017 0.013

< 0.001 -0.106 0.014 < 0.001
< 0.001 -0.093 0.014 < 0.001

0.493 -0.006 0.010 0.s32
< 0.001 -0.011 0.012 0.343

0.020 0.001 0,007 0.870

< 0.001 0.082 0.018 < 0.001

R'? = 0.07; adjusted R'? = 0.07

Dummy variables (coded as 0,1) were introduced for the smoking categories, with never- or ex-smokers
as baseline category.
Dunrmy variables were introduced for the drinking categories, with nondrinkers as baseline category.



Discussion

The average toenail selenium values that we observed among women (0.58 pglg)
are somewhat lower than other recent estimates (0.65 pglg) from the Netherlands (21),
but the estimates of selenium intake in both studies were virtually similar, using the
same food tables. The difference in toenail levels might be due to differences in analytic
conditions, used in different nuclear research reãctors. Among US nurses toenail
selenium levels around 0.80 ¡rgig were observed (16), whereas substantially higher
values (averaging LL1 vglg) were found among residents of a seleniferous area in
South-Dakota (18). Similar values were found by Morris et al. (11) who also observed
an average value of 0.26 pglg for residents of New Zealand. In Greece values around
0.54 p.glg have been observed in fingernails Q\. The fact that men have lower toenail
selenium levels than women was also observed by Swanson et al. (18). Other studies did
not show a clear gender difference regarding fingernail (24), whole blood or plasma
selenium levels (25). However, Lloyd et al. (25) did find significantly lower selenium
values in erythrocytes among men.

Age was not a predictor of toenail selenium in our study. Various investigators have
found an inverse association between selenium status parameters and age (16,25,26) but
this observation is not consistent (18,24,27). In the study of Dickson and Tomlinson
(26), fhe inverse association between serum selenium and age was restricted to subjects
under 55 years of age, while Lloyd et al. (25) only obsewed lower levels in persons 56
years or older, and Bratakos et al. (24) noted an inverse trend onþ in subjects 40 years
or older. The absence of an age effect in our study may also be due to the limited age
range in our cohort population (55-69 years).

Smoking was an independent predictor of lowered toenail selenium levels in both
men and women. In general, a negative dose-response relationship existed with the
amount smoked, as was observed earlier in women (16). Swanson et al. (18) also
observed a strong negative association of smoking with toenail selenium levels, but not
with serum or whole blood selenium. Negative relationships with smoking have been
observed for whole blood and serum selenium (28). Lloyd et al. (25) found significantþ
decreased levels of selenium in whole blood, plasma and erythrocytes among smoking
men, but for smoking women only in plasma for those who drank alcohol daily. This is
in accordance with our observation that the smoking effect is more pronounced in men
than in women. It is unclear whether smoking induces increased selenium utilization
(e.g. as active site of glutathione peroxidase) or influences selenium incorporation in
nail keratin. Our data indicate that current smokers have lower energy-adjusted
selenium intakes compared to never-smokers, but in the multiple regression analysis
smoking remained an independent predictor. Swanson et al. (18) also observed
significantþ lower selenium intakes among smokers although no adjustment was made
for energy intake. We also compared selenium intakes of smokers and nonsmokers
without adjustment for energy intake; the unadjusted intakes in ex- or in current
smokers were not significantly lower than in those who never smoked.

Our estimates of selenium intake are substantially lower than the intakes measured
by Swanson et al. (18) among South-Dakota residents G7a þglday) using the duplicate
portion technique. These investigators observed a very strong independent effect of
dietary selenium on toenail selenium levels. Our intake estimates are also lorver than
the intakes estimated by Hunter et al. (16) with a questionnaire among US nurses. The
estimation of dietary selenium intake based on questionnaires or interviews is difficult
because of large variations in selenium contents within varieties of the same food,
depending on soil conditions. When a single selenium food table is used, the estimation
problem is likely to aggravate if a study is conducted in a country as the US as opposed



to the Netherlands (16). Although we observed a positive association between selenium
intake and toenail levels, in contrast to Hunter et al. (16), the partial correlation
coefficient between dietary and toenail selenium was still only 0.09 in our study,
indicating a weak positive relationship which reached only significance due to the large
numbers of subjects studied. We could not evaluate the influence of dietary methionine
on the toenail selenium levels (which was recentþ found to be a mediating factor in the
deposition of selenium in nails of rats (29)), because information on methionine intake
was not available.

Although in bivariate regression analysis of men and women combined, subjects
drinking 15 g of alcohol or more per day showed significantly lower toenail selenium
levels, alcohol intake was not an independent predictor of toenail selenium in
multivariate analyses with smoking in the model. Earlier studies have revealed
decreased serum selenium levels among alcoholics (30,31). The absence of an alcohol
effect in the dose range we have studied is in agreement with other studies using
toenail selenium (16), or whole blood or erythrocyte selenium (25). With regard to
plasma selenium, Lloyd et al. (25) observed decreased levels in non-smoking men who
were daily drinkers compared to non- and weekend drinkers, but not in women.

In bivariate analyses there was an indication that Quetelet index is positively
associated with toenail selenium levels, but it was no independent predictor in multiple
regression analyses. Swanson et al. (18) suggested that controlling for differences in
lean body mass instead of weight (or relative weight) would diminish the effect of
gender on toenail selenium levels, because of the storage of selenium in muscle tissue
(32,33). This adjustment is difficult in practice, however, because data on lean body
mass are typically unavailable. The present result does not support a need to control for
Quetelet index as a confounder in studies on selenium and obesity-associated diseases.

In conclusion, smoking was the most important predictor of toenail selenium levels
in both men and women. The inverse relationship with smoking appeared to be
stronger in men than in women. Gender itself was also an independent predictor of
toenail selenium, with men showing lower values than women. Dietary selenium intake
(excluding supplements) showed a significantly weak positive association with toenail
selenium levels, despite the well-known lack of reliability of questionnaire-based
assessment of selenium intake (5). Age, alcohol intake and Quetelet index were no
independent predictors of toenail selenium levels. In any epidemiologic analysis relating
toenail selenium to risk of smoking associated diseases, adjustment for smoking habits
is indicated.
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Tannenbaum S R. Assessment of dietary nitrate ¡ntake by a self-admin¡stered questionnaire and by overnight urinary
measurement. lnternat¡onal Journal of Ep¡demiology,'1989, 18: 852-857.

The relationship between dietary intake and urinary excretion of n¡trate was ¡nvestigaled among 35 male and 24
female graduate students in Boston. The dietary assessment method consisted ofa self-adm ¡nistered semi-quant¡tative
food frequency questionnaire currently used for ¡arge-scale epidemiological stud¡es. Calculated mean dâ¡ly nitrate
intake was 1 .83 mmol for men and 2.96 mmol for women; broccoli and green leafy vegetables accounted for 60% of the
tolal. Urinary measurements involved two overn¡ght specimens with a mean collection time of approximately 13 hours.
The ratio of intra-to-inter individual variance in urinary nitrate excretion (lambda) was 1.87. The simple correlation
coeffic¡ent between intake and excretion of nitrate was found to be 0.20; âfter correction forthe within-person variation
by using lambda, the correlat¡on coefficient wâs 0.28. Adjustment for gender, age and Ouetelel's lndex in multiple
regression analyses resulted in a partial correlation coefficient between nitrate ¡ntake and excretion of 0.37 {p = 0.005}.
Correction forwilh¡n-person varialion in urinary excretion increased th¡s partiâl correlation coeffic¡ent between ¡ntake
and excretion to 0.59 (95% Cl : 0.03 to 0.87). These data suggesr that a self-administered questionnaire may provide
useful ¡nformation on usual nitrate intake, and indicate the need to pursue th¡s possib¡lity further.

Urinary Measurement

Increasing interest in relationships between long-term
dietary intake and the occurrence ofchronic disease has

stimulated the development and evaluation of methods
to measure dietary factors among large groups ofindivi-
duals. Methods based on questionnairesr or bio-
chemical measurements may both be usefu l, depending
on the parameter being assessed and on the practical
constraints imposed by the particular study design. For
any method it will be important to evaluate the
reproducibility and validity of the measurement. Since
long-term intake is important in most epidemiological
hypotheses, interview or biochemical parameters that
reflect intake over a short period (such as a single day)
may be of limited use, even though highly accurate for
that short interval.2
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When possible, the use of biochemical measure-
ments to validate dietary questionnaires is appealing
since the sources of error should be largely indepen-
dent. In a previous study3 we evaluated the capacity of
our semi-quantitative food frequency questionnaire to
measure vilamin E and ca¡otenoid intake using plasma
levels of these nutrients for comparison. However, the
use of biochemical measures for this purpose is fre-
quently limited because many are insensitive to dietary
intake over much of the dose-response range, or ale
highly variable from day to day. Urinary nitrate has
been proposed as an estimate of the dietary nitrate
intake, after the observation that 65--70Va of ingested
nitrate is excreted in the urine during the following 24

hours and less than 7Vo i¡iaeces.4
Nitrate has been hypothesized to play a role in the

aetiology of certain gastrointestinal cancers, notably
gastric cancer.s'sNitrate maybe convertedinto nitrite in
foods, in the stomachs and in the o¡al cavity;e r0 nitrate
and nitrite can react with secondarv amines or amides to
form N-nitroso compounds.rl 12 The relation of nitrate
intake with cancer risk has been investigated in various
epidemiological studies.13'ró Attention has also been
given to the cancer risk associated with nitrate in drink-
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ing water because of the increasing use of nitrogenous
fertilizers.lT In none ofthese studies wasevidence found
to support a positive association.

We therefore assessed the within-person variability
of timed overnight urinary nitrate excretion measure-
ments and the influence of demographic and other
factors on these levels. We then used these urinary
measures to evaluate questionnaire estimates of nitrate
intake. Finally, we evaluated the effects of within-per-
son variation and other variables on the association
between questionnaire estimates of intake and urinary
measurement.

MATERIALS AND METHODS
Subjects
In April1984we inviteda random sample of the student
population of the Harvard School of Public Health to
participate in this study. The sample consisted mainly of
North American and European students, but also
included four Japanese students. Sixty-one students
agreed to participate, but two failed to complete all
procedures. Hence, our analyses are based on 59 sub-
jects consisting of 35 males and 24 females, age 30.3 (1

SD + 4.5) and 28.9 (+ 6.5¡ t"u.s respectively. Subjects
were una\ryare of the fact that the investigation con-
cerned the consumption and excretion of nitrate, since
that might have interfered with their intake. The pro-
cedures used in this study were approved by the Com-
mittee on the Use of Human Subjects at the Harvard
School of Public Health, and all individuals signed an

informed consent form.

Overall Design
Participants were asked to collect timed, overnight
urine specimens on two occasions, separated by two
weeks. To impose minimal inconvenience on the sub-
jects, they were asked to start the urine collection after
they had arrived at home in the evening and to continue
until the next morning, recordingthe exact time ofstart-
ing and stopping. We appreciated that the overnight
specimens would be less optimal than full 24-hour col-
lections; however, we wished to evaluate a method that
might be feasible on a múch larger scale. In this way
urine samples covering a period of approximately 13

hours were obtained. The dietary questionnaire was

completed at the time the first urine specimen was

obtained.

Dietary Questionnaire
The semi-quantitative food frequency questionnaire
we employed is a questionnaire that is being used in a
variety of epidemiological studies. Earlier versions of
this form were validated previously with respect to the

intake of carotene, retinol, and vitamin Er as well as

other nutrients.r The current self-administered ques-
tionnaire consists of 120 specified foods; the participant
is asked how often, on average, a specified quantity of
each food was consumed over the past year. Nine
responses are possible, ranging from never to six or
more times a day.

As described elsewhere, nutrient scores were com-
puted by summing the products of the frequency and
nutrient composition of the specified serving size for
each food.r Food composition values for nitrate were
derived from a report ofthe National Research Council
on the health effects of nitrate,ó and a compilation by
White.Is For some food items the nitrate content was
derived by extrapolation, since published data were not
available. Nitrate from drinking water was not included
in our calculation; however, the concentration of this
ion in the Boston municipal water supply is less than frve
parts per million. Assuming an average intake of one
litre ofwater per day, the intake from this source would
be less than 0.05 mmoV24 hours (which is less than 2%
of intake from food sources).

Urine Collection
Timed overnight urine specimens were collected in two
litre plastic bottles containing 50 ml of 37o HCI solution
as a bacteriostatic agent. On the morning that the col-
lection was completed, four 10 ml aliquots of urine were
taken and immediately fuozen at -20'C for chemical
analysis. At both collection periodssubjects were asked
about any infections they might have had at that time,
sincethis might influence the nitrate contentoftheurine
(D A Wagner, personal communication).

Chemical Analysis
Urinary nitrate concentrations were determined via
reduction with a high-pressure cadmium column as

described by Green et al.te Creafinine concentration
was measured by flame photometry.

Statßtical Analyses
Statistical analyses were ca¡ried out using the BMDP
statistical package.20 Urinary values were expressed as

excretion rates per hour; in the analyses comparing die-
tary and urinary values, the mean ofthe excretion rates
for the two collection periods was used as the dependent
variable. Highly skewed variables were logarithmically
transformed to meet normality assumptions. Dietary
intake and excretion values were tested for gender-
specific differences using Student's t-test.

Analysis of variance was performed on the two
repeated urinary measurements per pefson to examine
the components of variability in nitrate excretion as
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described by Beaton.2 In this way estimates ofthe inter-
individual (s52) and intra-individual variance (s*:) were
computed. The intra-individual variance is composed
of the biological intra-individual variation (which may
be largely due to daily variation in diet) as well as

random measurement errors in the urinary values. The
ratio of the intra-individual to the inter-individual vari-
ance components (lambda) provides an indication of
the reproducibility of the urinary excretion values.
Lambda can also be used to determine the degree of
attenuation in the estimated correlation or regression
coefficient describing the relationship between the die-
tary and urinary variables that is due to within-person
variation. Conversely, these coefficients can be cor-
rected for within-person variation by using lambda. In
this application, the corrected correlation coefficient
can be thought of as the correlation that would describe
the relationship between the questionnaire measure-
ment and an infinite number of urine specimens per
subject. The relationship between the true and
observed coefficient is as follows.2'2r

r, = r" ull +À/k)
where r" : observed correlation coefficient

rr : true correlation coefficient
k : numbe¡ of measurements pef person
l, = ratio of within-person variance to between-
person variance.

Confidence intervals for the corrected correlation
coefficient were also computed.22

We first computed simple correlation coefficients to
compare nitrate intake and urinary output. In the final
analyses we utilized multiple regression to assess the
influence of several predictors of the urinary excretion
rate simultaneously. Statistical significance is expressed

as two-sided p-values throughout the text.

RESULTS
General Description
The dailyintake ofnitrate asestimated bythe question-
naire was lower in males (1.83 + 0.79mmol) than in

"I^BLE I Ovemíght urinary excretíon of nítrute and crcatinine among
59 men and women (meøn .t I SD). Dqle were collected. in Boston,

USA during 1984

Men Women
Variable (n : 35) (n : 24) p-value

Time of collection (hrs) 13.0 I 2.3 12.5 t 1.8

Nitrate (mmol/hr) 0.08 t 0.04 0.05 a 0.02 <0.001
(¡rmoUhr/kg) 1.15 a 0.67 0.81 t 0..12 0.011

Creatinine (mg/hr) 6'1.6 ! 9.4 42.8 .L 9.2 <{J.001

(møhr/ks) 0.98 :! 0.10 0,78 t 0.17 <0.001

females (2.96 + 2.05 mmol); however, this difference
did not reach statistical significance, Broccoli, spinach,
othergreens and lettuce accounted for60% ofthe calcu-
lated nitrate intake among the 59 subjects; each ofthese
items was reported more frequently by women.

The excretion rate of nitrate was found to be higher
among men than among women (see Table 1). Thus,
men were estimated to have a lower intake of nitrate,
although their excretion was higher, whether expressed
as mmoVhr or pmol/hr/kg. If we assume that overnight
urine samples are representative of 24-hour excretion,
then the proportion of ingested nitrate that would be
excreted was 1.04 in males and only 0.37 in females.
Estimates of the within-person and between-person
variances, as well as the ratio of these two variance
components, are given in Table 2. The variance ratio for
nitrate is 1.87, while that for creatinine is 0.36.

Relationship Between Intake and Excretion of Nitrøte
The Pearson correlation coefficient between nitrate
intake and excretion per hour was 0.20 (p > 0.05).
Although this simple correlation was not statistically
significant, it has not been corrected for variables that
might influence (ie confound) the relationship between
intake and excretion rate. In Tabie 3 Pearson moment
correlation coefficients are reported between potential
confounders and the excretion rate.

As noted above, men had a higherexcretion rate than
women. Quetelet's Index (weight/height2) and age

were positively correlated with nitrate excretion.
Caloric intake, as well as the intake of most mac-
ronutrients (not presented), did not appear to be
strongly related to the excretion rate. Subsequent
regression analyses were carried out with and without
adjustment for caloric intake. Since the results were not
materially different and nitrate-rich foods in general
contain few calories, caloric intake was left out of the
regression model presented. We did not find an effect of
reported infection on the measurement of nitrate
excretion.

Adjustingthe relationship between intake and excre-
tion for these potentially confounding variables
resulted in higher partial correlation coefficients in
some instances (Table 4). Allowing for gender or
Quetelet's Index changed the partial correlation coeffi-
cient between intake and excretion of nitrate
substantially.

Multiple regression analysis was performed to con-
trol for the effects of several predictors simultaneously.
The results of both univariate regression and multiple
regression analyses for nitrate are shown in Table 5.
Only nitrate intake, gender and Quetelet's Index were
significantly associated with nitrate excretion in the
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Tsste 2 Variation in urinaty excret¡on levels of nítrute and crcauntne
in 59 me¡t and women, Boston, 1984

Variable
Within-person Between-person Variance ratio

variance variance (lambda)

Nitrate(pmouhr) 1604.0

Creatinine (mglhr) '70.9
859.6

199.3

1.87

0.36

multiple regression model. Inclusion of age did not
affect the estimated regression coefficients, nor R2. The
partial correlation coefficient bet\¡/een nitrate intake
and excretion after controlling for Quetelet's Index,
gender and age was 0.37. Since men reported a lower
nitrate intake, but were observed to have a higher
excretion ofthe ion, we also tested for possible interac-
tion between gender and nitrate intake; no evidence
was found for a statistically significant interaction.

As suggested by Beaioî et aP andLiu et a?t we used
the ratio of within-to-between-person variance to
adjust the correlation coefficient between nitrate intake
and excretion. Utilizing the observed simple correla-
tion coeffrcient f¡om Table 4, and the values for lambda
from Table 2, the corrected coefficient adjusted for
within-person variation was 0.28 (95Vo confidence
interval (CI) : -0.09, 0.58). This simple correlation,
however, does not reflect the effects of variables that
would normally be controlled in any epidemiological
analysis, such as age and sex, or that influenced the
relation between intake and excretion in this data set,
such as Quetelet's Index. We therefore also calculated
the value of lambda for nitrate excretion after adjusting
each individual level for the variables in Table 5
(adjusted levels were computed as the residuals of the
excretion values regressed on the predictor variables).
Asexpected, the value oflambda increasedfrom 1.87 to
3.13 since sources of inter-individual va¡iation were
removed while the intra-individual variation remained
unchanged. This adjusted value of lambda was then
used to correct the partial correlation from Table 5,
which represents the correlation between the adjusted
excretion and intake levels. Although the correlation
coefficient increased subsiantially with this correction
(0.59), the associated95Vo co¡frdence interval was wide
(0.03,0.87).

DISCUSSION
In this population of graduate students, we obse¡ved a

moderately high within-person variability in the over-
night urinary exc¡etion of nitrate. The intra-to-inter
individual variance ratio (lambda) for nitrate excretion
was found to be 1.87. Although this is less than the
lambda-value reported for sodium of 3.20,r3 the intra-

individual variation in nitrate exc¡etion remains con-
siderable. The use of a single overnight specimen will
therefore be oflimited utility for characterizing an indi-
vidual's long-term intake or excretion of this ion,
although it may be useful for comparing populations. In
simple bivariate analyses, nitrate intake basedon aself-
administered dietary questionnaire was only weakly
correlated with excretion measured by the average of
two overnight urine samples. However, adjustment for
additional variables in multiple regression analysis
increased the association between intake and excre-
tion, and further correction for within-person vari-
ability in urinary excretion suggested that the
questionnaire may actually provide reasonable discrim-
ination of individual intakes of nitrate.

The predictive value of overnight urine specimens
was studied, among others, by Watson and Langford,2a
who compared excretion rates in specimens collected
overnight and during the full 24 hours. They reported
correlations for sodium and potassium excretion
between the overnight and 24-hou¡ excretion rates of
0.76 and 0.73 respectively. While in their experiment
the mean duration of overnight collection was only 7.9
hours, in our study this was almost 13 hou¡s. Our speci-
mens would therefore be expected to be more repre-
sentative of the 24-hour period. Bartholomew and Hilla
showed that urinary nitrate reaches its maximum ,Í-ó
hours afte¡ an oral nitrate load, and returns to the base-
line value within 18 hours. This suggests that overnight
specimens may be useful in the case of nitrate, also
considering the usual consumption time offoods rich in
nitrate. h our analysis, we computed the excretion rate
per hour and used this as our criterion variable to com-
pare with intake.

Few estimates have been made ofthenit¡ateintake of
individuals. The estimates so far have generally been
based on population averages. Whitets estimated daily
nitrate intake as 1.19 mmoVday in the US; per capita
intakes for European countries vary mostly between
L.11 and 2.51 mmol/day,2s while Japanese per capita
estimates amount to 4.52mmol/day.26 In two recent
British studies individual nitrate intake was estimated

Testz 3 Pearson correlation coeficiens between urinary nitrate
excretion levek ønd. potential prcd¡ctoü in 59 men and women, Boston,

1984

Nit¡ate excretion
mmoYhr (1n) p-value

Gender(M=1,F=2)
Age, yrs (1n)

Quetelct's Index. kg/m!
Calories. kcal (ln)

-0.48
0.32

0.3'7

0.21

<0.001
0.013

0.004

0.110
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Nothing (simple r)
Gender
Age (ln)
Quetelet's Index

'lABLE 4 Paríial correlation coefficients between intake and excretion
of nítrate aftet adjßtment fot tliffercil covañates among 59 ¡nen ond.

women, Boston, I9g4

Adjusting for
Panial r (nitratc intake

versus excretion) p-value

ofnitrate between men andwomencannotbeexcluded,
we have little reason to suspect they might exist. Itis also
possible, of course, that the questionnaire under-
estimates intake for males. However, in earlier valida-
tion studies on beta-carotene intake3,28 the same
questionnaire was able to discriminate between men
and women adequately. In that study women were
shown to have both higher plasma levels and higher
dietary intake of carotene than men.

Overall, assuming that our urine measurements
reflected the entire 24-hourintake we found the propor-
tion of ingested nitrate that was excreted to be 77vo in
men and women combined. Excreted nitrate represents
the combination of exogenous intake and endogenous
synthesis corrected for metabolic losses. re,2eThe appar-
ent recovery from urine ofingested nitrate will be influ-
enced by the relative proportion of these two inputs.
Assuming that endogenous synthesis is relatively con-
stant for an individual, higher ingested amounts of
nit¡ate will lead to lower apparent recovery in urine if
the endogenous component is not accounted in this
balance.re,2e':'0The77Vo recovery, however, is in agree-
ment with the estimates made for recovery of 15NO3,

where approximately half the metabolic losses appear
to be due to the action of the gastrointestinal flora.3r
Despite the substantial variation in nitrate excretion
within a person, a reasonable correlation between
intake and excretion was observed after adjustment for
gender and Quetelet's Index.

Caloric intake was not correlated with nitrate excre-
tion rate. This might be expected since foods rich in
nitrate generally contain few calories (eg vegetables).
The absenceof anyageeffectonexcretionwasexpected
since the population was relatively homogeneous with
respect to age. This group ofpublic health students was
also unusual with regard to the euetelet,s Index: males
had a higher index than females, contrary to what is
generally found. However, no one was grossly obese.
This had no adverse effects on the study, since the effect

0.132
0.003

0.230
0.058

by a food frequency questionnairera and a diet record.27
Forman et alta estimated daily nitrate intake to be
1.89 mmol in ateas at low risk for gastric cancer and
1.19mmol in high risk areas. Using 4g-hour dietary
records, Chilvers et aPl estimated this intake to be l.7b
+ 1.25 mmol among 404 adults (177 men,227 women).
No differences according to gender were reported. We
noted lower intakes in males, although this difference
was not significant. Chilvers ¿¡al. also measured urinary
nitrate output and found mean 24-hour excretion levels
of 1.94 + 1.21 mmol, which was slighrly higher rhan
their intake (one urine specimen was collecteã per sub_
ject). In our study using two u¡ine collections of
approximately 13 hours we estimated excretion rates to
be 0 08 (+ 0,04) mmol/hr in men and 0.05 (+
0.02) mmoVhr in women, respectively. If ourovernight
excretion rates would be representative for the daily
output, our corresponding 24-hour excretion levels
would be 1.90 + 1.06mmol for men and 1.0g +
0.59 mmol for women.

The percentage of ingested nitrate that was excreted
into the urine estimated by our methods differed sub_
stantially between males and females. The reasons for
this are not clear, but include the possibilities of dif_
ferential reporting of intake by gender, and chance.
particularly since the questionnaire asked about usual
intake of foods over the past year and the urines repre-
sented only two days. While differences in metaboiism

0.20

0.38

0.16

0.25

'Ítste5 Predíclots oÍ nitrate excrelion (mmollhr), logarihmicølly trarcformed, in 59 men and women living in Boston d.uring I9g4

Utrivariate regression Multiple regression

coel (SE) (sE)

Intercept
Nitrate intake (ln minol/day)
Gender(M=l.F=2)
Quetelet's Index (kg/m2)
Age (ln years)

0. l8
-0.59

0.11

1.r6

(0. l3)
(0.15)
(0.04)
(0.4'7)

0.149
<0.001

0.006

0.017

-5.46
0.31

-0.58
0.07
0.49

(0.1 1)
(0. l4)
(0.03)
(0,41)

0.006
<0.001

0.035

0.240

R2

Partial r (nitrate intakc vs cxcrelron)
0.42

0.37 0.005
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of these variables could be controlled for in multiple
regression analyses.

In conclusion, our data suggest that a simple self-

administered questionnaire may provide useful infor-

mation on usual nitrate intake. However. these findings

should be replicated among larger and more diverse

populations, since the performance of the question-

naire and the between-person variation in dietary

sources of nitrate may be different in other demo-

graphic groups. The performance may also be different
when subjects are living in areas where the nitrate con-

tent of drinking water is elevated; questions on water

consumption will have to be added in that case.
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Brief ReÞorts

cross-sectional versus Longitudinal Investigations of the
Diet-Cancer Relation

Piet A. uan den BranÅt,t R. AlexaÀra GolÅbolm,2 A. Jeanne M. qtan Loon,r atl" Frarc J. Kok2

within a prospective cohorr srudy on diet and cancer, infomation was collected on cancer prevalence 
"nd 

br*tir"iã
consumption. A nested case'control study on meat and cancer was conducted with 656 pr.u"l..i colo¡ectal .rr.., ìfjö+ U."*icâncer cases' and 4,701 cont¡ols. When analyzed cross-sectionally, prevalence odds ratios fo..u-t'l"g meat rarely ,;rr;, ,;*"1;;i;
were 2.08 for female colorectal and 1.75 fo¡ b¡east cancer. ln the'longitudinat 

""utyrlr,.ur"r-*fr;r;rr,"d;;;;;i;;."¡;.i;after diagnosis were excluded, resulting in odds ratios of 0.51 for f"rã"l" .olo*t"i-""Jì.ïz rä, ú;;;;*.;:'Th*"r.ä::ï:
findings highlight the problem ofcross-sectional designs. (Epidemiolocv 1990;1,40iJò?t 

'-

Kelvords: diet, epidemiologic nethods, biometry, questionnaires, colorectal cancer, breast cancer

A prerequisite for etiologic inference is that exposure
precedes disease; cross-sectional designs are considered
inferior for studying etiology. In observational studies on
diet and cancer etiology, exposure may be measured
with biological specimens or by dietary assessment. Such
studies are presumed to be longitudinal, although some-
times observed exposure levels may have been influ-
enced by (preclinical) disease. Changes in various serum
nutrient levels owing to tumor growth have been de-
scribed (1-6). Case-control studies aimed at dietary in.
take may also be partly cross-sectional, even though
they are conducted with incident cases. Interviewing
cases about their prediagnostic diet usually occurs within
some months after diagnosis. The recall of past dietary
habits is influenced by current habits (7-10); when cur-
rent habits of cancer patients have been influenced by
(preclinical) disease, the study may contain a cross-
sectional element.

Little is known about the magnitude of this problem
because the necessary data are often not available. In an
extreme approach to this issue, we have investigated
how odds ratios might be affected when a true cross-
sectional study is actually conducted, Our study exam-
ined the relation between meat consumption and colo-
rectal and breast cancer, which has been reported ín
various studies (11-19).
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Methods
\le used an ongoing prospective cohort study on diet
and cancer. The cohort comprises 1ZO,B5Z men and
women aged 55-ó9 years. At baseline (198ó), cohort
members completed a questionnaire on dietary habits
and potential confounders. Analysis will involve a case-
cohort approach for which purpose a random subcoho¡t
(n = 5,000) has been selected. Thus, complete ques-
tionnaires will be processed only for subcohort members
and incident cancer cases from the cohort (21). One
questionnaire page has, however, been processed for ev-
ery cohort member to identifi, all participants and to
measure several key variables important for future anal-
yses. Among other questions, this page contained ques.
tions on the lifetime prevalence of cancer (with infor-
mâtion on site and year of diagnosis) and the frequency
of meat consumption. Subjecs who ate little or .å 

^."iat baseline (G-1 day/week) were also asked to state rhe
year in which they started this habit. The cohort in_
cluded 656 colorectal and 1,894 sellreported prevalent
breast cancer patients,

The relation between meat consumption frequency
and the prevalence of both colorectal and br"ast .ance.
was analyzed in a nested case-control manner using the
prevalent cases of both sites; the control grouf *",
formed by the 4,701 subjects without 

"".r."i 
from the

mentioned subcohort of5,000 subjects. First, the ,,cross-

sectional" association befween meat consumption fre-
quency and cancer prevalence, both at baseline, was
determined while controlling for age (5-year groups) in
a stratified analysis. This analysis was followed by a
"longitudinal" analysis in which the timing of exposure
and disease was also taken into account. Analyses were
carried out for men and women separately. Because it

Reproduced with permission of Epidemiology Resources Inc.



INVESTIGATIONS OF THE DIET-CANCER RELATION

TABLE 1. Prevalence Odds Ratios between Frequency of Meat Consumption and Cancer in Cross.sectional Analyses

Tumor Site
Meat Consumption

Sex (davs/week) Cases Controls ORys (95olo CI)'

Colorectal

Breast

0-1
24
5-7t
0-1
24
<tb

0-1
z4
5-7h

tz
3Z

281.

19
54

248
9Z

364
1,409

45
246

t,565
73

380
1,945

?3
380

r,945

i.89 (0.98-3.ó3)
0.89 (0.61-1.32)
1.00
2.08 (t.23:3.52\
1.13 (0.82-1.55)
1.00
t.75 (r.2?-2.39)
1.32 (1.13-1.55)
1.00

' Adjusted for age.

t Reference category.

was known fot cohort members who consumed meat less

than rwice a week in what year they started doing so, we

were able to determine for the prevalent cases with this

habit whether it indeed had preceded cancer diagnosis.

The longitudinal analysis was confined to those cases

who already consumed meat rarely before diagnosis.

Controls who consumed meat rarely were excluded ac'

cordingly when they had started this after the earliest

year of cancer diagnosis of the cases in theit respective

age-sex stratum. It was considered unlikely that cases

would start eating meat more often after their diagnosis;

therefore, the exposure category 5-7 days/week meat

consumption is assumed to be constant over time. Be-

cause the stabiliry of the category 2-4 days/week meat

consumption is unclear in this respect, ít is omitted from

the analysis. Confidence intervals fot Mantel-Haenszel

odds ratios were calculated using the formula of Robins

et al (22).

Results
The cross-sectional analysis, in which timing of expo-

su¡e and disease was ignored, revealed a positive associ-

ation between infrequent meat consumption and cancer

prevalence in both sexes (Table 1).

For the ensuing longitudinal analysis, it was found

that only 12% of the 31 colorectal and 260/o of the 92

breast cancer cases who consumed meat 0-1 days/week

at baseline exhibited similar behavior before diagnosis.

Since all these cases were female, we were unable to
determine which male controls were to be excluded in

the stratified analysis. Consequently, longitudinal odds

ratio estimates could not be calculated for men. For

women, the longitudinal analysis now shows an inverse

association between infrequent meat intake and colon
cancer, while there is essentially no association with
breast cancer (Table 2).
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Discussion
The results of the cross-sectional and longitudinal anal-
ysis are in contrast with each other, especially for colon

cancer. The odds ratios from the longitudinal analysis

for female colorectal and breast cancer (0.51 and 1.17,

respectively) ate within the range of values found in
other studies (14,17-19) based on incident cases. To
investigate whether dietary habits change because of the
presence of cancer and what effect this might have on

odds ratio estimates, one would ideally conduct a pro-

spective cohort study with baseline dietary assessment

and then interview incident cases again after diagnosis

about their current and prediagnostic diets. Our resultt

are limited because we had to use prevalent cases for thir
analysis.

The use of prevalent cases in a longitudinal analysis ir

problematic when the exposure also acts as a prognosti(

factor (23). For breast cancer, a high fat intake war

found to be weakly associated with a worse prognosir

(24). Il, for breast and colorectal cancer' a high mear

intake were also related to a declined prognosis, it woulc

imply that prevalent cases eating meat rarely are over'

represented. Under these circumstances, the observec

longitudinal odds ratios would be biased towards a pos

itive association, which cannot explain the low oddr

ratio for colorectal cancer.

The estimates might also be confounded, for example

by fat intake and reproductive vatiables; such confound

ing, however, did not explain the relation in variou

other studies (14,17,19). This possibility will be inves

tigated in detaii in the prospective part of the cohor

study that incorporates incident rather than prevalen

cases (21). Moreover, the rype of meat and portion sizr

will also be considered then, since the complete dietar
questionnaire is of a semiquantitative nature.

Because prevalent cases are not ideal for studying th,
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TABLE 2' Prevalence Odds Ratios between Frequency of Meat Consumption and Cancer in Longitudinal Analyses

Tumor Site Sex
Meat Consumption

(days/week) Cases Conrrols oRMH (95yo Ct).
Colorectal

Breast

ff

I

0-1
s_7+

0-1
5-7+

3
248

19
1,409

49
r,945

z4
1,945

0.51 (0.16-1.63)
1.00
r.fI (0.63-2.1?)
1.00

' Ad;usted for age.

t No estimates for men available (see text).
{ Reference category,

etiologic role of this type of exposure, no great impor-
tance should be attached to the absolute values of the
odds ratios reporred here. Nevertheless, this analysis in-
dicates that, for colon cancer, the direction of the as-
sociation might be reversed when cross-sectional instead
of longitudinal analyses are performed. For breasr can-
cer, the positive association largely disappeared when a
longitudinal analysis was done. These data indicate that
the presence of cancer may result in a change of dietary
habits, and they confirm the limitations of truly cross-
sectional studies for etiologic inference. As mentíoned
earlier, data in some studies with a presumably longitu-
dinal design may to some extenr be cross-sectional. We
believe that the quantification of this problem and its
implications for bias warrant further study.
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Chapter 10

Stratifîed and simple regression methods for the analysis
of case-cohort studies.
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Abstract

Case-cohort and nested case-control sampling methods have recently been introduced
as a means of reducing cost in large cohort studies. The asymptotic ¿istribution theory
rrcsults for relative rate estimation based on Cox type partial-or pseudolikelihoods for
case'cohort and nested case-control sfudies have been 

"."o,rnt"d 
for. However, many

researchers use elementary (stratified) methods for a lïrst or primary summarization
of the most important evidence on exposu¡e-disease or dose-resionse relationships, i.e.the classical Mantel'Haenszel analyses, trend tests and tesis for heterogenåity of
relative rates, which can be followed by exponential failure time regress¡on methodi on
grouped and individual data to model relationships between several factors and
response. In this paper we present the adaptations needed to use these methods with
case'cohort designs, illustrating their use with data from a recent case-cohort study on
the relationship between diet, life-style and cancer.

* Submitted for publication



L lntroduction

The germs of the ideas of nested case-control and case-cohort sampling from a cohort
can be found scattered through the statistical and epidemiological literature of the 60's
and 70's. In the failure time context Thomas (1) appears to have first comprehensively
formulated the nested case-control approach while Prentice (2) proposed the case-
cohort design as a more efficient solution, in some situations, to sampling cohort
subjects than the nested case-control sampling design.
The general approach to nested case-control sampling involves the selection of a
random sample without replacement of subjects at risk but without disease (control
subjects) at each distinct failure time (every time a case is observed). Selected controls
remain eligible for control selection at other failure times. The control selection
procedures at distinct failure times are statistically independent. Relative rate
estimation can be based on a Cox type partial likelihood approach. Curiousþ this
approach has only recentþ been theoretically justified by Goldstein and Langholz (3).
When studying a range of disease endpoints this design can pose logistical and
administrative problems as a different random sample of controls has to be selected
each time a specific endpoint is observed. Furthermore, collecting and processing of
covariate information on controls can only start at the time of the first failure and all
covariate information will only be available at the end of the study period.

The case-cohort design avoids these problems by selecting a subcohort randomly from
the entire cohort which then provides a comparison group at each disease occurrence
time, i.e. those subjects in the subcohort still at risk for the disease under study at a
given failure time function as controls for the occurring failure whether that failure
occurs 'inside' or 'outside' the subcohort. This design allows the comparison group to
be selected in advance of cohort follow-up, a distinct advantage since the subcohort can
then be used, for example, to monitor the achievement of intervention goals and the
collection and processing of covariate information for all controls (the subcohort
members) can be started immediately on inception.
Also, in contrast to the control sample in the time-matched nested case-control design,
the subcohort provides a natural comparison group for a range of disease endpoints.
Prentice (4) provided heuristic justification for relative rate regression analysis based on
a pseudolikelihood approach. Full theoretical justification for the proposed methods
was presented by Self and Prentice (5). Readers interested in further methodological
details regarding the above and other similar designs can consult various references
(2,4-11).

We will concentrate here on procedures for the analyses of case-cohort studies. The
organization of this paper is as follows: $2 presents a heuristic introduction, $3 presents
necessary preliminary calculations and notation, $4 contains the adaptations for the
elementary (stratified) methods, $5 contains the adaptations for e4ponential failure tine
regression, $6 contains an illustration of the procedures in a case-cohort analysis of
smoking and lung cancer. In $7 we discuss the procedures and the two approaches:
'blow-up' and 'shrink'. All formulas that will be presented were programmed in GLIM-
code; these macros are available upon request.



2 Heuristic introduction to case-cohort analyses

The elementary analysis of cohort studies and Poisson regression for grouped data are
comprehensively described in Breslow and Day (12), chapters 2, 3, 4 and 5, to which we
refer for standard formulas and practice. 'Poisson' regression for individual data is
described in Aitkin et al. (L3), chapter 6.

The results of a cohort and case-cohort study with onþ two e4posure groups can be
summarized as in table 1, a and b.

Table L. Surr¡narized results of a cohort and case-cohort study involving a dichotomous exposure.

a. C-ohort study b. Case-Cohort

Exposure Observed Person years
failures

Observed Person years
failu¡es

Failures Censored Total Failures Censored Total

t*l tl
fú Íz

t¿r
td2

dl
E

t1
t2

t¿r t"l
taz 1c2

d1

dz

The notation tdþ tcþ t", in table 1 indicates person years for failures, for censored
individuals and for censored individuals in the subcohort only, respectively. Censoring is
due for example to ending of follow-up, withdrawals or competing causes of failure.

Assuming a constant failure rate during the study period the failure rate l,i for e4posure
group i in the cohort study can be estimated âS Â, = d,/1,, the number of observed cases
divided by the total person years of exposure in group i, i =^1,2. The relative rate g of
exposure 2 versus exposure L can be estimated as rflr = ]url)t, = d2tJdþr. It nrill be
intuitively clear that the analogous statistic dzf.ldJ2in the case-cohort set-up should in
general not be used to estimate the relative rate. The person years of the failures is the
same in both studies but the person years of the censored individuals in the case-cohort
study is a random sample from the censoring times in the cohort study. If the sampling
fraction is p=¡1¡o with m denoting subcohort and n cohort size, we can expect-that
t*i = pt"i. Thus drTrldri, : dr(tor+ pt"1)/d1(td2+ pt) and this will in general not be close
to drtrld{2.

Two solutions present themselves:
a. 'Blow-up' tþ person years of the ccnsored individuals in the case-cohort study by a

factor p-1, that is to say use tu,+p-lt", = ti instead of ti.
Using the 'blow-up' method we estimate rf by
ilB = dr(tor+p-1t"1)/d1(td2+ p-1t; : r¡r.

b. 'Shrink' the person years of the failures by a factor p, i.e. use
ptu,*t*¡ instead of tt. The same effect could of course be accomplished by using
only the total person years of subcohort members, namely ti : ta*t""i where t* ii
the observed person years for failu^res in the subcohort only: t i : pt. Using the
'shrink'method we estimate + by ût = dr\r/drt, : dztrldfz: t.



It is important to note that the 'blow-up' method gives^ direct estimates of the exposure
specific failure rates, namely ),ro : di(tdi+p-rt.¡) = ti. With the'sbrink'method we
cannot use- the analogous estimator for the exposure specific rates because
d,/t, : p-'d,lti = p-'li.The obvious corrected estimator for Â, is pd,/t ,. We shall also
say that the 'shrink' method estimates blown-up exposure specific rates p, = p-1Â, with
estimators Ê, : d,/t,; to estimate the.l,, we have to'shrink' p, by the sampling fraðtion:
li = PÊi.

Confidence intervals for r! are usually calculated using estimated asymptotic variances
of log- i[r. Concentrating for the moment on the 'shrink' approach we have:
log ût = log{dr\,/drt 2}

= log{ drt,/d, tz} + {tog(tJ n) - log (t r/m) } - {log(,/n) - log(t /m) }
= log t * Ds, say.

This equality illustrates 2 things.
Firstþ, if a suitably normalized version of Ds converges in distribution to a
nondegenerate random variable, then as was to be expected, ils will be an inefficient
estimate of r¡ compared to i[', having a larger asymptotic variance (AV): namely
AV(log ût) = AV(log r'!') + AV(D'). (It can be, shown that rfi and Ds are àsymptoticany
independent).
Secondly, given the n individual failure times constituting the tr, i:1,2, the variance of
Ds is due to random sampling of m failure times from ttre tiniìe population of cohort
failure times and in estimating the variance of log ût this extra finite sampling
variability will have to be accounted for. This means that 'naive' estimatorJ foi
AV(log i$'s) calculated analogously to the estimator for AV(log {r) *ill underestimate
the true AV and should not be used. Analogous reasoning can be used to show
comparable results for i$,8.

In the classical situation where a Poisson distribution is assumed for the number of
failures in each cell of a table determined by stratum and exposure group combinations
or an exponential distribution is assumed for the individual failure times (see Breslow
and Day (12)), it can be shown that the Mantel-Haenszel test, the test for trend and the
test for heterogeneity of relative risk are asymptotic approximations of finite sample
uniformly most powerful unbiased tests. The Mantel-Haenszel estimator (which can be
derived as a weighted combination of stratum specific relative risks, as the first iteration
of the maximum likelihood estimator or via an estimating function approach), is a
consistent estimator of the relative rate. Even though it is not generally mentioned, the
classical set up can accommodate multiple 'failures' per individual. If it is suspected that
the failure rate does not remain constant during the study period, or to accommodate
time dependent exposure, the time axis can also be stratified, assuming a constant
failure rate on each stratum. In the classical set up censoring not due to ending of
follow-up must, just as failure, be a very rare phenomenon to justifr the poisson
assumption.

In adapting the simple methods for case-cohort sampling we will at the same time
assume a more general set up than in the classical situation, namely: a piecewise
constant failure rate, possible recurrent events (multiple 'failures') per individual,
independent censoring and possible left-truncation. The assumption of independent
censoring roughly means that at any time t the survival experience in the future is not
statistically altered (from what it would have been without censoring) by censoring and
survival experience in the past. This is the most general assumption possible with
respect to censoring (14). Left truncation, in the simple form of only including subjects



conditionally on being alive (not having failed) at a certain given calendar time or age,
is quite common to cohort studies. These assumptions should guarantee applicability of
the methods and reliability of the analysis results for most types of cohort studies
whatever being the dynamics driving the process (subject of course to the accuracy of
the asymptotic approximations). Under these conditions the adapted Mantel-Haenszel
estimator remains a consistent estimator. However the tests have only 'large sample',
i.e. asymptotic optimality. Full details concerning all results are presented by Volovics
(1s).

3 Organization of the data

In the classical set up, calculation of the above-mentioned elementary statistics and
regression analyses are based on a tabulation of observed failures d¡r, and person years
t¡t by stratum Q:L,Z,..,J) and exposure group (k=1.,2,..,K) (".9. table 3.4 in Breslow and
Day (12)). The J strata might be determined by one factor such as age or by an
amalgamation of two or more variables such as for example age and sex. The K
exposure classes can also result from the amalgamation of two or more exposure
variables.

In the case-cohort set up a similar table can be made substituting for cohort person
yeats t¡r either'blow-up'person years tu,o*p-lt"¡r or'shrink' (subcohort) person years
t",, = t ¿,r*1 "¡r, 

both of which we shall simply denote by t¡¡ too. Such a table contains
sufficient information to calculate the Mantel-Haenszel estimator and the chi-square
heterogeneity tests. To calculate standard errors, the Mantel-Haenszel test and the
trend tests, however, some further quantities are needed, namely a strafum-exposure
specific (cell-specific) variance for which we have rwo possible estimates: vl¡¡ or v2¡r.
Given cell-specific rates, 0¡¡ say, vljk (or u4ù is an estimate of the asymptotii varianðe
of the cell-specific'residual': d,n-ânt¡ (observed minus'expected'failures). The v1,, (or
vZy) arc needed because all statistics discussed in this paper are functions of these cell-
specific 'residuals' so that their asymptotic variances are also functions of these cell-
specific variances (see appendix for more details). In the classical set-up v2¡r = A¡yt¡ø
where â¡¡ is the maximum likelihood estimate of 0n. All these quantities 

-aie

summarized in table 2 where again, just as with the t¡r,, we have used one symbol
(v1n, v2,) to denote quantities that are calculated differently depending on whether a
'blow-up' or 'shrink' approach is used. We shall comment on a possible choice in the
discussion. d¡r always stands for the total number of observed stratum-exposure specific
failures, whichever approach is used.

To indicate how the table entries are calculated we present formulas for a basic study
design with simultaneous entry of all cohort members at the starting date, a constant
hazard rate for the duration of the study period, one type of nonrecurrent failure and
no time dependent exposure. Amendations to the formulas on departure from this basic
design are essentially self evidenl details are presented by Volovics (15). The total
number of individuals in the case-cohort study itself is ñ : m * the (random) number
of subjects failing, for the failure type under study, outside the subcohort.
For each individual i in the case-cohort study u,,, x¡¡ s¡ âild d, are indicator variables
definedasfollows:u,,:tifsubjectiisinstratumjand0otherwise,x¡r=lifsubjecti
is in exposure group k and 0 otherwise, Si : 1 if subject i has been selected for the
subcohort and 0 otherwise and di:l indicates if subject i has failed while d, = 6
indicates if subject i was censored. The reference exposure category will always be



coded L; thus 4r : 1 indicates that subject i is in the reference exposure group. For
each individual i in the case-cohort study t, is the person years of observation.

The classical elementary methods all assume an underlying relative or multþlicative
rate model, i.e. 0¡r = l¡tt, where Â, = 4, (ûr:1) is the rate for individuali in the
baseline or nonexposed category (k=1) in itratum j. û, dil denote a Mantel-Haenszel
or maximum likelihood estimate of the relative rate of failing in e4posure group k as
against failing in the reference exposure group 1; thus i$., : L always. À, (= 0,,) dènotes
a maximum likelihood estimate of the stratum j specific failure rate fôr the ieference
exposure category. B or S attached to the formula number will indicate whether the
'blow-up' or 'shrink' version is being presented. The cell-specific number of failures
(d¡o), p"rson years (t¡) and variance estimates (v1¡¡ and v2¡1,) are calculated as follows:

Table 2. Summarization by stratum and exposure level of basic quantities needed for the elementary
statistical analysis of case-cohort studies assuming either a 'blow-up' or'shrink' approach.

Stratum Exposure Failures Person years Variancel VaÅance2

v2n
ûtz

ûtr

ûzt
v2n
a

flzx

ûtt
v2n

ût*

t¡r
ftz

t¡r

dn
dtz

drx

dzt
dD

dzx

dn
dtz

d¡x

I
2

K

1

2

K

1

2

K

J

trr
tp

trx

tzt
tzz

fzr

vlrr
vltz

vlrx

vlzt
vlzz
a

a

vlzr

v1¡r
vltz

v1¡x

(3.1)

(3.28)

ñ

d:*=E urrxr"d.,
i=1

fl
tir=E üijxir

i=1
ldr+p-r (L-di) srJ t,



(3.2 s)

(3.3 B)

(3.3 s)

(3.4 B)
v2ix

ñ

v1:r. = E
i=1

ñ

tr*=Ð uiixiksiti

uijX* Idi-ûkÎj Idr*p-r (1-di) si] til 2

uijX* Idi-ûkÎJ s, t1J 2

ldr+p-r (l--di) si1 t, +

ñ

E ui:xi* (i.-di) sip-2ti2
i=1

tl
,rtr*=Ð

='û*1¡ E uijXir
i=1

(i.-p) (ûklj)'?

(3.4 s)
ñ

v2i¡=ûr15 ! urrxr*srti + (1-p) (û*1:) 2 ! urrxr*siti2
i=1 i-=r

The estimates i[r. and À, in formulas 3.3 B, 3.3 s, 3.4 B and 3.4 s will be specified below
when needed. In the following 2 paragraphs all formulas are expressed in terms of the
quantities d¡, t¡¡ and v¡¡ where v.¡¡ stands for either vljk or v2¡ depending on which cell-
specific variance estimate is used. For the 'blow-up' and 'shriik' approach the quantities
3.2B,3.3 B (or 3.4 B) and 3.25,3.3 S (or 3.4 S) are to be used, respectively.

4 Case-cohort adaptations for elementary (stratifTed) methods

4.I The Mantel-Haenszel estimator

Given table 2 and a fixed e4posure group k the Mantel-Haenszel estimator r!* for the
relative rate lltk of failure in exposure group k with respect to failure in the reference
exposure group is just the well known formula:

't jl(4.1) 0*= tÐ di¡r¡r/ (rir+ri¡) i / lE d51r5r/ (rir+r5¡)1
j =1 j-{

with relevant quantities from table 2 plugged in. The asymptotic variance of the
logarithm of ifto can be estimated by

+ ,.0ítl.-'rr*tfivr*.,
,, - # (trr+t:r.)2 r

^-
ûí ti lJi-rrit¡¡1z

j=1 uj1 ' ujk

(4.2)



where i[r, is the above Mantel-Haenszel statistic, i¡ = (d¡, + djl)(tjl + i],,tjk) and
naturally these same rlu and i, are used to calculate u,i and v,i.
If we plug in the classical estimates v2¡, : l,t, and v2¡,, = rir*i,tu then formula 4.2
reduces to the classical estimate of Av(log,r|,*).

If we substitute v2¡u for the v¡¡, formula 4.2 can be expanded as

vt=
$ ¡ t¡rt¡r. (d:r*d:t) 

,fu' {trr*tr*" '
,J*

û* tE 1-l!:j-E- ¡ 1,1 z

j=r wj1 ' ujk

Ë , 
Â3 (tlq,,*rfq:r) 

,J"- ( trr+t.*¡ z

-

lt (-:.4:i!)11,
j=r uj1 , ujk

+ (1-p)

with'blow-up'

or'shrink'

The reader will recognize the classical estimator of the asymptotic variance of the
logarithm of the Mantel-Haenszel estimator in the first term. We have written this
formula as a sum of two terms to illustrate again that plugging the relevant quantities
from table 2 into the classical formula would give an underestimate of the aiyrrptotic
variance even though the second term will in general be small; see the example in 16.

4.2 The Mantel-Haenszel test

We will present the Mantel-Haenszel test for the hypothesis r¡rn:1 for a given exposure
category k with respect to the reference category 1 in the one degree of freedom chi-
square form: NUM*ÞeNo with

(4.3) uw*=É (djk-ljrjk)
j=r

ñ

st*=Ð uijX¡ (L-di) s, (p-1tr) 2

i=1

ñ

S¡*=E urrxrrsrtl2
i=1

(4.4) DEN* =

Trend tests are usually presented in their one degree of freedom chi-square form,
namely: NUM'?/DEN. For the test for trend in the Jtratum specific rate raiios given a
certain exposure category k we have:

,rtj=1
t ( 

%r.rj-!- 
)' utt. t .rr.5h)2 vi¡J

lJse_i., - (dj1+djk)(tj1+tjk) lnd ûo = 1to calculate 4.3 and v¡r and vn in (4.4). If we plug
in the classical estimates for v2¡ and v2¡t then (4.4) reduies to the classical variãnce
estimator.

4.3 Trend tests



(4.5)

and

(4.7)

and

(4.8)

,l
NuI'f =t zi (dir-tkljtjk)

(4.6) DEN=Ë zj r 
jl-tl-" 

) - (Ë,, (J4* )r'/ (i,1-Y-rrY:r¡ ¡
j=1 ' v¡1+v¡t f=t'vi1+v¡t f, vi1+Vit

where the zj are quantitative variables representing the level of a stratum defining
variable, for-example the age level in age stratum j. Here 1,, and iln are maximum
likelihood estimators under the null hypothesis of no trend: À, = (dj1+djk)i(tjr+i}'ktjù and
iflr¡ can be obtained as the iterative solution to the equation:

ür= tË,-,,**.,-@,, , tå rf*ú;l:
or by fitting a regression model ($5).
See Breslow and Day (12, pages 110 and 111) on using the Mantel-Haenszel estimator
instead of the maximum likelihood estimator. (The Mantel-Haenszel estimator is the
first step iteration of the maximum likelihood estimator obtained by substituting 1 for
r¡, on the right hand side of the above equation in rl¡Ð.

The test for trend in relative rates with increasing exposure has:

K,t.t
DEN=Ð 

"*' 
(E r:*) -Ð

k=1 j=1 j=1

K.JJ
Nu'r=t "* 

(E d¡*-E 1, trr)
k=l j=r j=r

t (f x*vi*)'?/ (f vr*) 1

KK
= (E djk) / (f r,*t

k=1 k=1

Here, in (4.7) and the calculation of thev,oin (4.8), we take ûr:1 and

1j

the maximum likelihood estimator of the stratum specific failure rate under the null
hypothesis of no trend across exposure. The x, are quantitative variables representing
exposure levels. Again plugging in the classical v2,u in (4.6) and (4.8) results in the
classical variance formulas.

4.4 Tests for heterogeneity of relative rates

To test for a general difference among the rate ratios in the J strata or to test the
global null hypothesis that failure rates for none of the K exposure classes differ (that is
r¡o:L for k=']..,2..,K) the usual chi-square tests can be used. The classical chi-square
tests remain chi-square with the usual degrees of freedom on substituting the relevant
case-cohort quantities from table 2 in the formulas.
To test for a general difference among the rate ratios in the J strata we can use:

,r

x:"-r=Ð
j =:'

(4.e) r (dj1-Îjtj1)'z - (djk-Qnl,rtr¡)'.,
'---î;.,, ' tJ;.,* '



where ilo and À, : (4t+diJ(t¡r+i1¡rt¡J are the same maximum likelihood estimators used
in formulas (a.f and (a.6).
To test the global null hypothesis that go=1, k=1,2,...,K we can use:

(4.10)

with i¡*:1 uo¿ l, =(È a,*l / tf tr*l
k=1 k=1

Both statistics have asyn,ptotic chi-square distributions with J-1 and K-l degrees of
freedom, respectively.

However, the test (4.10) for the null hypothesis rf.:L, k:1,2,...,K is conservative
compared to the score.test for'he same hypothesis (see ref. 12,page 114). The formula
for the score test is, using notation as in Breslow and Day (IZ):

(4.11) )ci-r = (o-r) r M -1 (o-E)

and this statistic has an asymptotic chi-square distribution with K-1 degrees of freedom.

O is a K-1 dimensional vector (Or, Or, ..., O*)t with components

o*=åu,* ,k=2,3,...,K

E is a K-1 dimensional vector (Er, Er, ..., E*)r with

n*=f lrtr*,k=2,3,...,K

$ ! a $;t) by- (K-1) dimensional matrix rhat can be represented as a sum of J (K-1)
by (K-1) dimensional matrices

t=Ë 
",j=r

Each matrix lr4, has diagonal elements vn(v,-v!/v, (with k=2,3,...,K) and off diagonal
elements -u,_.ffii_ (with z<k<K and 2iliK), with v,=X v¡¡, where'the summatiãn is
over k from 1 to K.

The Eo and the v¡¡ âr€ calculated using i$'*:1 ¿n¿

t, = (Ë a,*r / rf r,*r
k=1 k=1

Plugging in the classicalvZ*again gives the classical formula for M.

d:*'

J
(E
j=1

.lt(
r?-'=E r
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-l
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1, tir)



5 Regression methods for grouped and individual case-cohort data

In $4 we presented_case-cohort, set-up adaptations of the well known elementary
statistical methods. These methods presumed a summarization of the data in a two-
dimensional t¿ble with J rows, the strata, and K columns, the exposure classes. Each
cell of such a table contains the basic data: the failure counts d,o and the case-cohort
equivalents of the person years denominators to. The stratificdtlion variables will in
general be nuisance factors known to have an effêct on the baseline rates but with only
secondary importance. The real problem is to describe the effects of the 

"*porurävari,lb]es, and their possible modification by the effects of the stratification variabìes, in
explicit detail.

Regression analyses offers a more versatile approach than these elementary methods
and is easily initiated by adding to the basic data (d¡r, t¡) in each cell of the table a p-
dimensional row vector x¡t:(\rr, ..,_lr,p) of regresiiün'lariables. These may ,"pr"r"it
either qualitative or quantitative codiúj of degiee, intensity aldlor duration of iossiUþdifferent exposure variables, nuisance þtratification) varia-bles and interactions'amoni
exposure variables andlor interactions between exposure and nuisance variables. Thã
goal of the regression anaþsis is to try to disentangle the separate effects of exposure
and nuisance variables, the xr,. 

f 
., ä, on theie rates by introducing diiferent

paramettizations to represent possible 
-effects. A number oî structures have been

proposed for the rates of which the additive (excess) and multiplicative (relative) rate
models are the most common.
We shall here concentrate on the multiplicative rate model as this seems to be the
model that is by far the most frequently used. The multiplicative model implies that the
cell-specific rate

l,r*=exp (*åpl =exp (po+¡çjrrF1+. . , +x¡¡pgp)

is an exponential relative rate function exp(x,lr+...+x,*p.) times a baseline rate
Â0.: exp(ßo) where lo,stands for (l,x¡¡1, x¡u, ..., \uo)t.Other structures are discussed by Voiovics (15). 

''-
Given a data matrix as above, regression analysis can be based on a 'pseudo partial-
Iikelihood' function. For example, for the 'blowiup' approach:

L(p) =L(po, p,, . . ., p") =fi fi tf¡"-^,*.,"- k=1 j=1

where l¡r:exp(x,oþ) and the d¡r and t¡r are taken from table 2.

The expression is a pseudolikelihood because it does not represent the 'likelihood, of
the data given the sampling design (it does exhibit propertiås more or less similar to
those.of aproper likelihood function) and it is a partial'likelihood because it does not
contain a factor describing the conditional distribution of censoring or the distribution
of x¡r.

Using the formal resemblance of the pseudolikelihood to a likelihood for a poisson
process' any software package with facilities for Poisson regression can be used to
estimate ß and to test hypotheses with respect to ß (likelihõod ratio, score or Wald
tests). However, as will be clear from the presentation of the elementary methods
above, the estimate of the asymptotic covarianie matrix of the estimator for i3 will have



to be adapted to account for case-cohort sampling. To calculate the case-cohort
adapted estimate of the asymptotic covariance matrix we need quantities v¡r, (anglogous
to the v¡r specified in table 2) using formulas (3.3) or (3.a) but with tj¡ : exp(x¡r'ß),
ß the maximum likelihood estimate of ß, substituted instead of the 1,, and rir,, from the
elementary analyses situation. This means that after estimating ß from the grouped data
we would have to go back to the data on the individual level to adjust the covariance
estimates or to prepare in advance a table containing other (and more) quantities than
the v¡r. This does not seem very practicable and we will therefore only present
exponential failure time regression analysis for data on the individual level. (Grouped
data analyses can then easily be accomplished by defining dummy variables or scores for
levels of strata or levels of exposure variables).

The analyses are based on a pseudo partialJikelihood function for the individual data
with individuals denoted by i (i=1,2,...,n), which we present separately for the'shrink'
and'blow-up' approaches:

L(P)= ft Udr.-Frsrtr
i=1

L(ß) =ft (Â,e-¡rt,¡dr1s-^r"rtr¡ p-l(r-d¡)

with d,, t, and s, as in 92, ¡¡r-p-1À¡ i,,=exp(Í,tÉ).

'When using the 'shrink' likelihood one should keep in mind that given
l,' = exp(Ê6+xtft+'.'+xl¡0o) this approach always estimates

l¡i=p-lÂi = exp(ao*x,rpr+...+xrr1r) with ao : ßo-logp: the baseline failure rate exp(Bo)
is 'blown-up' to p-1exp(Éo) = exp(d.). The relative rates exp(xuß¡), however, are
correctly estimated, see the heuristic argument in $2.

Any software package with facilities for exponential failure time regression or, in some
cases, Poisson regression or nonlinear regression, can be used to get a maximum
likelihood estimate Ê of ß and thus an estimate Â, of Â, (13). Likelihood ratio tests for
hypothesis about ß or ß components are also easily calculated. For confidence intervals
or for Wald or score tests, however, the case-cohort adapted estimates of the covariance
matrix of ß will be needed. Software with macro or programming facilities and matrix
operations will be needed for this. GAUSS, GLIM, S, and SAS with IML for example,
are excellent. Let X stand for the ñ by (p+1) data matrix with rows ii=(1, 4r, .., xþ).
Let C stand for the covariance matrix of p estimated by the regression program. Then
the estimate of the case-cohort adjusted covariance matrix can be written as CAC where
the matrix A is estimated differently depending on which approach, 'shrink' or 'blow-
up', is used. We will denote these estimates \ and Au. Again just as in $3 we present
two estimates of \ and \, namely:

(s.1 s)

(5.18)

(s.2 s)

(s.2 B)

Â1" = Xr Diag((di-Êisiti)2) X

À1" = Xr Diag ( (di-Îi (drtr+ (1-di) s, p-ltr) ) 2) x



(s'3 B) L2" = xr Diag (1, {drtr* ( j.-dl) srp-1rr) + (1-p) (r.-di) srl! {p-1tr) r) x

where the notation Phg(*,) sfands for an ñ by ñ matrix with wr, w2, ..., wo on the
diagonal and the off-diagonal elements equal to 0. The matrices A1- and A2 coitain the
equivalents, in the context of regression based on individual subjects, of the vl.,u and v2,,
introduced in $3. The v1¡o and vL,o can in principle be calculaied through Ai and Aä
after defining relevant likelihood functions based ón stratum-exporur" rp"-"ifi" rates and
using a data matrix X containing variables to define strata and êxposrrre.

I.f it is suspected that the failure rate is not approximately constant for the study
duration it is advisable to fit a piecewise exponential distribution to the failure times.
This is achieved by choosing a set of time points ar<az<...<aL_, with Q=ao(a1 and
al--l<ar-=oo oÍ aL=r with r the maximal possible observation time for any individual
under study. In each interval !ur-!, ar)we model an individual hazard functión.î,,(t) as a
constant l,tr. Given a multiplicative rate model as used above, this means aefiì1ng a
piecewise constant baseline failure rate common to all subjects i.e. l,or:sxp(É*)"on
a, - r<tS ar, l: L,2,,.,,L.
Then we have as individual failure rate Iu = À0, exp(x,rB) = exp(Éoc+x,þ¡. Note ttrat
the 'shrink' approach estimates a blown up basehnò fáilure raie on eâch interval
3e_t1t3ã¿, namely po¿:p-lexp(Êor¡ : exp(Éoellogp) = exp(co¿).

If we consider failure for each interval (at_r, atf separately, then the i-th subject
exp-eriences a sequence of censorings at aþ ar,... until-final ðensoring or failure ãt t,
defined to fall in the L,-th interval, so that ôr._r(ti<Ítr..
Define for every subject a sequence of failuie indicãiors d¡1, d¡2, ..., d,r, with d,r=6 1o.l<(<Li and dtt,:1 or 0 depending on whether i failed oi *u1 censãred at i, and a
sequence of failure (exposure) times tr, ti2, ..., tiç with tr=ar-ar_, for 1</i! and
t 
': 

t,- ar,_r.
When the 'blow-up' approach is being used it is easiest to blow-up failure times of
censored individuals (di=0) beforehand, i.e. to use p-lt, instead of t. Then ! is defined
I ur,_l.p-'ti<_a!i., The d,, and t, for such individuals aie adapted accordingþ.
Then the pseudolikelihood functions (5.1 S) and (5.1 B) become:

(5.3 s)

(s.4 s)

(s.4 B)

Ã2, = Xr Diag(prsrtr+(r-p)Êlsrrí) x

nL(p)=tr ¡rf¡s -utt"tttt

n
L(p) = tr (Âire -lttttt¡ dl 

1g 
-tusrtu) (1-dn)

tr
T

1=1

Li
tr
I=1

The pseudolikelihood for-the 'blow-up' approach (5.4 B) is written without an exponent
p-1 in the second factor here lcompáre e.l B)) becausä the t, are defined 

"sinË ;-\.To fit such piecewise exponential models, the data matrix has to U" augmeit"ä tå
contain L, rows for each.individual i (see Aitkin et al. (13), section 6.zz).-rhis means
that the total number of data matrix rows equals L



where
ñi

L=E r,,
i=1

If L, and ñ, are at all large this might pose problems for some software packages and
machines, and also the computation time might become prohibitive. When fitting the
regression model based on (5.4 S) or (5.4 B) we treat each row of the augmented data
matrix as an independent subject and proceed as if fitting the models (5.1 S) or (5.1 B).
The necessary adaptations of the covariance matrix estimates for case-cohort studies are
easily obtained with formulas (5.2 P) to (5.3 B), replacing X by tbe augmented data
matrix of size L by (p+1) and d¡, t;, l¡, Êi by dp ti¿, Ii¿, îit. For further details on fitting
piecewise exponential distribution models and also on fitting time-dependent covariates
(which follows the same procedures) see Aitkin et al. (13), sections 6.L5, 6.16, 6.17 and
6.22.

6 Illustrative analysis

The data for this illustration come from a prospective cohort study on diet, life-style
and cancer that was started in the Netherlands in 1986. The cohort included 58,279
men and 62,573 women aged 55-69 years at the start of the study. At baseline, cohort
members completed a self-administered questionnaire on dietary habits, potential
confounders and other independent risk factors for cancer such as smoking habits,
occupation and education. Following the case-cohort approach, a subcohort of 3,500
subjects was randomly sampled from the cohort after the baseline exposure
measurement. The subcohort has been followed up biennialþ for vital status
information in order to estimate the accumulated persontime in the cohort (16).
Incident cancer cases occurring in the cohort have been identified by record linkage to
cancer registries and a pathology register (17). This illustrative analysis pertains to the
lung cancer incidence in the recently completed 3.3 year follow-up period. In this
period a total of 617 cases of lung cancer were detected in the total cohort of 120,852
subjects. After excluding incident cases with in situ carcinoma, cases whose diagnosis
was not microscopically confirmed and cases who reported a history of cancer other
than skin cancer in the baseline questionnaire, 552 incident cases of lung cancer were
available for analysis. After excluding prevalent cancer cases other than skin cancer
from the subcohort of 3500 as well, 3346 subjects remained in this group.

For this illustration, the relationship between smoking habits (categorized as

never/e></current smokers) and lung cancer risk was analyzed with the proposed methods
of case-cohort analysis. To be concise, we only present results here on relative rate
estimation, confidence intervals, Mantel-Haenszel tests and test for trend in relative
rates across exposure categories. In the stratified analysis, we stratified for gender and
age (in three five-year categories). This was followed by relative rate regression analysis
using the individual data, while adjusting for gender and age (again in 3 categories for
reasons of comparability with the stratified analysis). All analyses were conducted using
the 'shrink' method and the 'blow-up' method of estimating the person years. Table 3

shows the basic quantities that were computed for the stratified smoking-lung cancer
analyses. In this table (with the same format as table 2), the quantities for the 'shrink'
and 'blow-up' method have been specified.



Table 3. Grouped data for stratified anaþis of rue-ohort study on smoking and lung enær.

Shrink method Blow-up method

Stratum

6)
Expcure *

(k)

Penon
yeaß
(tÐ

Penon
yeaß
(t:*)

Failures
(diÐ

Varianæ1f Varianæ2t
1v1¡r) (r4ù

Varianæ1f Varianæ2t
(vl¡ù (qr)

1 (55-69 y, men)

2 (55-59 y, women)

3 (6O-64 y, men)

4 (ó0-ó4 y, women)

5 (65-69 y, men)

6 (65-69 y, women)

1 Never
2F:
3 Cur¡enl

1 Never
2Ex
3 Current

1 Neve¡
2Ex
3 Current

1 Never
2Fx
3 Current

1 Neve¡
ZEx
3 Current

1 Neve¡
2Fx
3 Current

7.t5
4.34

12.03

02c,
a) or<

87 873

0 7c92
34m

16 545

7 767
51 854

119 787

6 1151
4 338

12 392

6 13ó

63 722
724 556

7 1083
4 269

10 277

0.00
35.08

113.ó1

0.00
3.UZ

77.70

7.ùZ
60.35

174.:2ß

6.09
4.27

73.66

6.87
82.5'1

273.96

0.00
33.33

717.43

0.m
1.91

14.56

7.AZ

58.52
773.t4

6.10
5.52

15.'17

0.00
1.91

14.56

7227 0.00 0.m
31920 35.13 33.32
30195 173.17 111.31

377t0 0.00
16925 3.V2

18846 17.05

39692 6.10
77678 4.',2ß

73562 13.61

5765 7.ùZ 1.û2
29564 59.99 58.,tó
27154 174.05 172.87

6.10
5.52

75.78

6.84
E4;12

27E.57

7.14
5.65

13.59

4705 6.84 6.&r
25028 81.80 84.56
19092 275.38 278.51

374n 7.74 7.74
9279 4.33 5.64
750ø 11.96 13.60

r) Smoking €tegories.
t) Cell-specific varianæs used for the estimation of the varianæ of the Mantel-Haensel relative rate.

In table 4 (panel A), the results of the stratified analyses are shown for both the shrink
and the blow-up appro¿ch. As expected, the relatiónship between smoking and il;;
cancer is very strong. Compared to never-smokers, the 

-l\¡tantel-Haenszel 
rãhtive ratË

estimates for ex-smokers and for current smokers arc 3.77 and 10.79, respectively, usin!
the shrink method. The RR estimates obtained with the blow-up methód are írtualli
identical.

T\e 957o confidence intervals shown are constructed using the first variance estimates
(formula 42,using v.1iÐ.The first and second estimate of var(logRRr") were very close
to each other: for the contrast between ex- and never smoleis tnö't*o esdmátes of
var(logRRm{) were 0.0876 and 0.0889, respectively, while for the contrast between
current and never smokers these variances esaimates were 0.0849 and 0.0g31,
respectively (using the-shrink 

_method)_. n^oth relative rate estimates were significantþ
different from 1.: the Mantel-Haenszel xz-test values wete 28.60 and 109.3-g for thä
respective contrasts in smoking habits (ex vs. never; current vs. never smokins). The y2-
test for trend was also highly significant. The variance estimates and 12-test uilrr", *å"
again similar when using the blow-up method instead of the shrink method.

Jaftg -+ (na_net B) also shows the results of the relative rate regression analysis with the
individual data. When an exponential distribution of failure iimes is assumed (i.e.,-a
constant- hazard), the association between smoking status and lung cancer is estimated
essentially similar to the stratified analyses. (Again, the presenteõ confidence intervals
are based on the first variance estimate (formula 5.2).)



Table 4. Results of stratified anaþsis and relative rate regression anaþsis for case-cohort study on smoking and lung cancer.

Method No. of Shrink method
cases in

Blow-up mehod

coho¡t
Person RR (95Vo CI) Test for trend Person RR (95Vo CI) Test for trend
yeârs yeârs
subcohort cohort

N' (p-value) X2 (p-value)

À Str¿tified analysis
Never smoked 20 3838 1.00 132576 1.00
Ex-smoker ts1 35y7 3.77 (2.11- 6.74) 200.s7 (<0.001) 124392 3.7'1 Q.LI- 6.73) 20t.y2 (<0.001)
Current smoker 370 3369 L0.79 (6.10-19.11) 11.6356 10.81 (6.11-19.11)

B. RR regression usi'g individual data
B1. Exponential model

Never smoked 20 3838 1.00 L325t6 1.00
Ex-smoker 157 3sn 3.6s (1..t4- 7.67) 21.6.18 (<0.001) 124392 3.& (1.72- 7.70) 217.21 (<0.001)
Current smoker 370 3369 9.79 (4.70-m.4D 116356 9.79 (4.65-m.$)

82. Piecewise elponential model
Never smoked 20 3838 1.00 732516 1.00
Ex-smoker 1,5'7 3597 3.64 (l.U- 7.20) 2'1.6.14 (<0.001) 124392 3.63 (L.74- 7.59) 217.2L (<0.001)
Current smoker 370 3369 9.75 (5.00-19.01) 116356 9.78 (4.70-mß)



It should be mentioned that we compare here the Mantel-Haenszel relative rate of the
stratified analysis with the maximum likelihood estimate of the regression analysis. Also,the tests for trend are results from the score test and the likelihood i"tø t"ri
respectively. As an aside, when uncorrected variance estimates would have U""n ,rr"J,
the 957o confidence intervals would have been more narrow, with limits 1Z.Zs, S.iz¡ üa
(6.12,.15.66)_{9¡ the respective exposure contrasts (with the shrink mìthod). ig;i,\
there is no difference in relative rate estimat"r, 

"oifid"n"e 
intervals and tónd "tests

between the shrink and blow-up approach. When a piecewise exponential distribution is
assumed_(with constant hazards per year of follow-up in the 3.3 year period), the results
are similar to the situation where an exponential distribution is aisumeá. Thus, the
assumption of a constant hazard during the 3.3 years of follow-up is justified.

In conclusion, the strong-positive dose-respolse relationship between smoking and lung
cancer is reproduced in this case-cohort analysis. rvVith two covariates in the äodel, thã
stratified analysis and the regression analyses yield essentially similar results. The
advantage of the relative rate regression moáel using individual áata is that it can easily
be extended to more covariates.

7 Discussion

Given the availability of Gl-lM-macros, the described case-cohort analysis methods
_9hi9h are,adaptations of the standard tools of epidemiologic practice) uré 

"ury 
19 ,re.

We have chosen to analyze as an example data on the rJlati,onship 'betrveen r.oti"j
and lung cancer to demonstrate that these methods reproduce results close to thã
relatively stable relative risks of lung cancer known for smoking exposure. Idealþ this
illustration should have been complemented by simulation studies ór by a compárison
of the results of a case-cohort analysis with thoie from a classical analysií of an ;;igi;;tfull co_hort study, but we have not yet had the opportunity to atiempt these îime_
consuming activities.

There seems to be no clear reason for choosing between the 'shrink' and the 'blow-up,
approach. In the various exposure-disease relationships analyzed so far in our cohort
study on diet and cancer, the results of the ,shrink, approach and the ,blo*_up;
approach are very close- It 

-sgems 
slightþ more natural to use only subcohort persän

years instead of the (crudely) estimated cohort person years úut this subjective
preference is not reflected in the performance of the metho¿l. wittr respect to tú" ¡"ã
possible variance estimators 

-for the asymptotic variances of the statistiäs (those baseã

:n. jh" v1¡t (41) and those based on the v2¡r (42)), the following can be mentioned.
Both variance estimators are consistent estimâtei'of the ru-" iuru.eters and thus
asymptotically equivalent. 'We can only judge the small sample behavior on the basis of
the various exposure-disease relationships ãnalyzed so far; tÏe variance estimates based
on the vl¡u (A2) appeat to be somewhat more variable than those based on the v1..
(Â1). Furthermore the agreement between the two methods is less than that be;eel'
the 'shrink' and tle 'blow-up' approach. on the basis of results obtained so far we
ryggest using variance estimates based on the vl¡r (41), but a definite conclusion will
have to await the results of simulation studies.

In the illustration we showed that the assumption of a constanthazard, in the 3.3 years
of follow-up was justified, after comparing it with results from the piecewise e"porrJntiai
model with a year-specific hazard. We used the years of follow-up as cutpoinis for the
piecewise modelling; a further refinement of the cutpoints is possibie, eu"ntoulty



resulting in cuþoints defined by the individual failure times. The use of such cuþoints
would result in estimates that are close to the estimates obtained by fitting a Cox
proportional hazards model (Aitkin et al. (13), sections 6.15 and 6.16). With a size of
the case-cohort study that we are conducting, the use of these detailed cuþoints would
computationally be very burdensome, however.
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Appendix

Proofs of all results mentioned in this paper can be obtained by appþing the results of
Borgan (19) uo¿ Self and Prentice (5). Here we only sketcñ tñè'i¿eas behind the
proofs' full details and formulations of necessary assumptions and conditions can be
found in V_olovics (15). Given a cohort study comprising n individuals, J strata and K
exposure classes we have denoted the stratum-exposurè specific failures and person
years with d¡r and t¡¡. When a case-cohort study is äerived from this cohort baseå on a
sample of m of the n cohort members we shall denote both 'shrink' and 'blow-up,
stratum-exposure specific person y:ars by î¡t. For. the 'shrink' approach T¡o = xs,t, and
{.1.t!: '!low;up' approach ï,* : x[dit,+11Jd,)p"-ts,t,l where the summatióì is ovËr ail
individuals i in the stratum-èxposurè combiiatioo (j,k) and we here write p, for the
sampling fraction m/n. write d¡¡ for the stratum-expoiur'e specific rates.
From a multivariate version 

'of 
the martingale central limit th"orem (e.g., ref. 19,

appendix I) it follows easily and..under rather mild regularity conditiòni-tttut tn"
random vector with components o-u'(40-0jotjo) converges in distribution to a vector with
components which are independent 

'and' 
nonnally distributed with means zero and

variances 0¡h, where it is assumed that n-rt¡¡ converges in probability to r,u)0 (in short
notatlon: n-'t¡t--tr r*). Writing 0,u for the maximum Iikelihood estimatei of 9," based
on-a cohort study,..it follows from'the results of Borgan (18) that the randoni^vectoi
with components n%(ân-O) converges in distribution tõa vèctór with components which
are again independentþ and normally distributed with means zero and vàriances 0,,/r'.
fj we.parametrize.0.¡t as_ 0¡¡=l¡ür or 0,r=exp(a,+Bk) it again follows, from Sorgun'iiåi
that the vector with cohort study maximum likelihood estimates ()1r,...,ir,îy2,.:.,û*i oí
(ã1,...,ã¡,92,...,Ê¡ç) converges in distribution to a vector with a ùùttiuuïiäi" tiór-¿
distribution with mean vector 0 and a certain covariance matrix l.
The maximum likelihood estimators are in all cases consistent estimators of their
parameters. Returning for the moment to the rates 0¡r we have for the 'shrink, approach
that:

n -1l2 (dir-pito¡¡Ëir) - n-!/ 2 (d¡¡-0i¡tir.) +0jrn 1/z (n -rtr*-n -tpitËi*)

-î-7 / 2 (djk-0jktjk) *0jrn t/2 (n -1t jk-m -1ejk)

If it is additionally assumed that p, --> p>0 and that m-lï¡¡ --)r r¡¡ and given some
further regularity conditions, then we have upon combining th" -urtiiìgule cãntral limit
theorem and the results of Self and Prentice (5, proposition 1) thai the vector with
components.o-'(diolP"-t0¡tT¡¡) converges in ¿istr¡Uutión to a váctor with components
which are independently and normally distributed with means zero and vâriances
0,¡,r+ o-t(l- p¡Îtfo¡,! where p-1(1- p)f is the asymptotic variance of nu.(riil.-"t-Ï;t;
(1) (n-1l2(d:r-p;1ojk€jk) ) --)o N(0, (ojkrjk+p-1(1-p)Oi*olr) 

)

The variances 0,¡,r+ o,t(l-.Ð0iÍ1:02 can be consistentþ estimated by the quantities v2,¡.
It can also be shown that, given the necessary conditions,

(2) lim Cov(n-l(d¡- p.-10¡rï¡)) : oiag(O,*r,o+ p-'(1-p)0'rro*r)

whence follows that the variances 0¡rrn+ p-11t- p)0¡Ío¡,.2 can be consistentþ estimated by
the v1¡o the empirical 'covariances'.'



Again combining Borgan (18) and Self and Prentice (5) we have also:

(3) {n'l2(pr*-p;lejk) ) -->D N (0, (
p-10:*r:** ( 1-p) ( p-t0¡r) 2oi'r.,,,,

prf
where fr,. is the consistent case-cohort-maximum likelihood estimator of po-tg¡r.

Resul$ like (3) can also be shown for the case-cohort maximum likelihood estimates
(1rp...,)r¡,fi2,...,t*) ot (ãr,...,ãnþr,...,Ê¡¡), again using Borgan (1S) and Self and Prentice (5).
The 'blow-up' approach can be treated analogously and we shall not repeat the results
here, see Volovics (15).
Now, for example, for the case-cohort Mantel-Haenszel estimator rft (in the situation of
2 exposure classes denoted 1. and2) we have ('shrink'approach):

"/'Ð tE*h (a:,-vr,Ë,,1 -{,=j¿- ra,,-r,E,,l i
n1l2 (û-{r) =

:"
tjt

from which, using the results with respect to the (d,o-0¡ri.¡) above, it can be shown that
n"(û-,F) converges to a normally distributed variablé with mean zero and a certain
variance which can be estimated byformula (4.2) and that'fi is a consistent estimator of
{r. As the Mantel-Haenszel test (4.3), the two trend tests (4.5) and (4.7) and the
heterogeneity chi-square test (4.11) can be expanded likewise, the convergence results
with respect to these statistics follow analogously. The 2 trend tests and the chi-square
test (4.11) can also be obtained as score tests given a relevant case-cohort likelihood
function and then the convergence results and the relevant variance estimator can also
be obtained from the pseudolikelihood function results mentioned below. The
asymptotics of the two remaining chi-square tests (4.9 and 4.10) can also be established
by expressing these tests as functions of the (dir-0¡rtio) and following reasoning as in
Lehmann (20, chapter 7).
Given pseudolikelihoods like (5.1 S) or (5.1 B) where t,:exp(Í,rB) it is only a slight
generalization of the foregoing to show, again combining Borgan (18) and Self and
Prentice (5) results that the case-cohort maximum likelihood estimator p is a consistent
estimator of B and that îk(þ-P) is asymptotically normally distributed with mean vector
0 and a covariance matrix X which can be consistently estimated by CAC as specified in
$5. The two estimators 5.2.'l.a versus 5.2.1b for example, for the same asymptotic
covariance t can be explained by reasoning like that given above with respect to
fonnulas 1. and2. The estimator 5.2.1b can also be derived using an estimating function
theory approach. Standard asymptotic theory can be used to justify Wald, score,
likelihood ratio tests and confidence intervals.
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postmenopausal breast cancer*

Piet A. van den Brandtl, Pieter - van 'f yee?, R. Alexandra Goldbohml,2.
Elisabeth Dorantl, Alexander volovics3, Rudolph J.J. úermus2, r"rJ si"r*uo.]. 

-*- '

1) Depørtment of Epídemiolog, Univercity of Limburg, Maøstricht, the Netherlands; 2) Depaxment of
Nutrírton, TNO-Toxicologt and Nutrition Institute, Zeist, the Netherlands; 3) Depatmenr- of Medicil
Statistics, University of Limburg, Maastricht, the Netherlands

Abstract

In 1986 a prospective cohort study on diet and cancer was started in the Netherlands
among 621573 women aged 55-69 years. Baseline information on diet and other risk
factors was collected with a questionnaire. Cancer incidence was measured by record
linkage with cancer registries and a pathologr register. A case-cohort approach was
used, in which the accumulated persontime in the cohort was estimated by follow-up of
a randomly selected subcohort (n=1,812). After 3.3 years of follow-up, 471 incident
breast cancer cases were available for analysis. Questionnaire data of these cases and
the 1,716 female subcohort members without a history of cancer other than skin cancer
wern analyzed. In a multivariate analysis, controlling for traditional risk factors, the
relative rates (RR) for breast cancer in increasing quintiles of energr-adjusted total fat
intake werrc: 1.00, 1.00, 1.34, 1.22, 1.08 (p-trend=032). For saturated fat the¡e was
some evidence for a weak positive association when quintiles werc used (RR in
quintiles 1-5: 1.00, 1.22,1.22,1.38, 1.39; p-trend=0.049). The gsvo confrdence interval
(CI) for the top quintile was 0.94-2.06, however, and when saturated fat was used as a
continuous variable, the effect was no longer significant (p=0.20). Relative rate
estimates for the highest versus lowest quintites of monounsaturated fat,
polyunsaturated fat and cholesterol intake were 0.7S (9s%o Clz 0.50-1.12), 0,9s (951o Clz
0.64'1.40) and 1.09 (95Vo CIz 0.74-1.61), respectivel¡ with no evidence for signilìcant
trends. This prospective study does not support a major role of dietary fat in the
etiologr of postmenopausal breast cancer.

+ Accepted by Cancer Research



Introduction

One of the hypotheses on diet and cancer that has attracted considerable attention
of investigators and public health officials relates to the role of dietary fat in the
development of breast cancer. This is largely based on evidence from ecological studies
relating per capita fat consumption (particularly animal fat) to breast cancer incidence
or mortality in different countries (1-5) and on early laboratory experiments (6,7). Also,
migrant studies have suggested a positive relationship (8,9). Analytic epidemiologic
studies in humans have been far less conclusive, however.

After an early case control study suggested a positive association between dietary
fat and breast cancer incidence (10), subsequent case-control studies have yielded
conflicting results regarding the consumption of animal products or various types of fat
and their association with breast cancer risk (11-38). In a recent combined analysis of
12 case-control studies, it was concluded that a significantly positive association existed
between breast cancer risk and total, saturated or monounsaturated fat intake in
postmenopausal women (39). However, there was considerable heterogeneity between
the 12 studies regarding the individual estimates. Although no association was found
with fat intake for premenopausal breast cancer in that analysis (39), a recent case-
control study (28) nevertheless reported only significant associations with fat intake
among premenopausal women.

In contrast to the abundance of case-control studies, relatively few prospective
cohort studies have been published to date on fat or animal products and breast cancer
risk (40-48). Whereas two studies reported a positive association with meat intake
(40,47), this was not confirmed in four other studies (41-43,45). The prospective studies
which used intake estimates of total fat, various types of fat and energy intake have
resulted in a weakly negative (44), weakly positive (46,48) or no significant association
(43) with breast cancer risk. With the exception of the studies by tffillett et al. (43) and
Howe et al. (46), the mentioned cohort studies are limited by the small number of cases
and/or the absence of information on habitual intake of energy, total fat and types of
fat. Thus, the evidence from cohort studies of sufficient size with a comprehensive
assessment of habitual dietary intake is still very scarce. We have conducted a
prospective cohort study in the Netherlands among postmenopausal women to evaluate
the association between the habitual intake of fat, various types of fat and the incidence
of breast cancer.

Materials and methods

The cohort
In September L98ó, a prospective cohort study on diet and cancer of the breast,

colon, rectum, stomach and lung has been initiated in the Netherlands. The cohort
included 58,279 men and 62,573 women aged 55-69 years at the start of the study. The
study population originated from 204 municipal population registries throughout the
country. At baseline, cohort members completed a mailed self-administered
questionnaire on dietary habits and other potential risk factors for cancer such as
smoking habits, job history, education, reproductive history, medical history, and family
history of cancer. The study design has been described in detail elsewhere (49). For
data processing and analysis the case-cohort approach (50) is used: the cases are
enumerated for the entire cohort (numerator information of incidence rates), while the
accumulated petson years of the entire cohort are estimated using a subcohort sample
(providing the denominator information).



Following this approach, a random subcohort of 3,500 subjects (1688 men, 1812
women) was sampled from the cohort after the baseline exposure measurement. The
subcohort has been followed up for vital status information in order to estimate the
accumulated persontime in the cohort. This involved personal mailings and (for
nonrespondents) additional contacts with municipal population registries, rendering a
complete follow-up: after 3.3 years of follow-up there were no subcohort members lost
to follow-up.

Cancer follow-up
Follow-up for incident cancer consisted of computerized record linkage with all

nine regional cancer registries in the Netherlands and with PALGA" the Dutch national
data base of pathology reports. The method of record linkage has been published
previously (51). Record linkage has been conducted annually with PALGA and the
cancer registries. The lag time between diagnosis of cancer and definitive registration in
the cancer registries is usually less than three months, but may occasionalþ extend to
1.5 years. Considering this lag time, the linkage performed in 1991 thus accounted for
presumably all cancers diagnosed until the end of 1989. The analysis in this report is
restricted to the cancer incidence in the period from Septembir 77, 1986 (iohort
baseline measurement) until December 31, LÕ89, i.e. a follow-up period of 3.3 yeàrs.

In this period a íotal of 1882 cases of breast, colorectal,'stomach or luíg cancer
were detected in the cohort of 120,852 subjects. This observed number of cases was
compared with the number of cases that would be expected on the basis of cancer
incidence rates, while taking mortality (52) into account. For this pulpose, age- and
gender-specific cancer incidence rates for breast, colon, rectum, stomach and lung were
obtained from the regional cancer registries for the period 1987-89 (for one rlgistry
rates of 1983-87 were used). The expected number of cases of the mentioned tumor
sites in the 3.3 years of follow-up was estimated at 1971., thus yielding an observed-to-
expected ratio of 0.95, with a 957o confidence interval of (0.91, 1.00) using Byar,s
approximation (53). Evidence of good coverage of the cohort by the cancer regisiries
and PALGA is also available from another, independent source. Age- and gender-
specific data on hospital admissions for cancer (obtained from the National Health
Care Information Center) were used to calculate for each municipality the degree of
coverage by the cancer registries and PALGA. The results indicäted that thð mean
coverage degree of the municipalities in which the cohort was recruited increased from
98.57o at the start of the study to 99.57o at the beginning of 1987 and 1007o at the
beginning of 1988 (54). A high degree of coverage was to be expected, because the 204
municipalities participating in the cohort study were purposely selected on the basis of
the estimated coverage degree (49).

Population for breast cancer analysis
Among the 1882 cases, there were 553 female breast cancer cases. After excluding

incident cases with in situ carcinoma and women who reported a history of cancer othei
than skin cancer in the baseline questionnaire, 471 microscopically confirmed incident
cases of breast cancer were available for data entry and analysis. After excluding
prevalent cancer cases other than skin cancer from the female subcohort of 1812 as
well, L716 subjects remained in this group. The questionnaire data of the subcohort
members and of the cancer cases were key-entered twice and processed in a manner
blinded with respect to case/subcohort status to avoid bias in coding and interpretation
of the data. The evaluation of the associations between breast cancer and traditional,
nondietary risk factors was based on the data of the aforementioned 471 cases and 1716
subcohort members. Regarding the dietary part of the questionnaires, abott 77o cotld,



not be used for nutrient intake calculation because of missing or inconsistent dietary
data (see also next paragraph). The analyses of dietary associations with breast cancer
are therefore based on data of 437 breast cancer cases and L598 subcohort members.

The dietary questionnaire
Usual diet was assessed at baseline with a semi-quantitative food frequency

questionnaire (150 items) specifically designed for, and pretested among men and
women of the cohort age range (55). The principal nutrients of interest in the design of
the questionnaire were: energy, protein (vegetable, animal), fat (saturated, mono- and
polyunsaturated), cholesterol, carbohydrates (mono- and disaccharides,
polysaccharides), dietary fiber, alcohol, calcium, vitamin A ß-carotene and vitamin C.
Because subjects tended to skip questions on items they did not consume,
questionnaires were considered incomplete when either: (a) more than 60 items were
left blank and less than 35 items were eaten at least once a month; or (b) one or more
item blocks (groupings of items, e.g. beverages) were left blank. More details are given
in a separate report (Goldbohm et al., submitted for publication). Mean individual
nutrient intakes per day are computed using the Dutch food table of L986 (56) by
cumulating the multiplied frequencies and portion sizes of all food items with their
tabulated nutrient contents. The validity of the questionnaire was studied in L987-88 by
comparing it to a nine-day dietary record method among 109 cohort members (59 men,
50 women). Pearson correlation coefficients between the dietary record and the
questionnaire varied from 0.40 for vitamin 81 to 0.86 for alcohol intake, with a median
of 0.69. After adjustment for energy intake and gender by the residual method (57),
correlation coefficients ranged from 0.33 for vitamin 81 to 0.86 for alcohol (median
r:0.67). Crude and energy-gender-adjusted (in parentheses) correlation coefficients
were 0.74 for energy intake, 0.72 (0.52) for total flat, 0.73 (0.58) for saturated fat, 0.73
(0.75) for poþnsaturated fat and 0.66 (0.62) for cholesterol. Correlation coefficients
were comparable in men and women.

Data analysis
Relationships between dietary fat intake and potential confounders for breast

cancer were investigated by computing age- and energy-adjusted (57) intakes of fat and
various types of fat among the female subcohort members and comparing the mean
intakes in the various categories of the confounders with analysis of variance. Two-sided
p-values are used throughout this report.

Although a theoretical approach for analyzing case-cohort studies based on Cox's
partial likelihood has been published (58), no standard software was available for
computing correct variance estimates for the relative rates and for significance testing.
Our analyses are based on the assumption that survival times were exponentially
distributed in the current follow-up period, which was confirmed after considering log-
log plots of the cumulative survival distribution against the logarithm of the survival
time. tüe developed methods for stratified and multivariate case-cohort analyses,
allowing for the additional variance introduced by the subcohort sampling. The analyses
were programmed and carried out with the GLIM statistical package (59) (specific
programs are available upon request). Specifically, the analysis methods concern
computation of Mantel-Haenszel estimators of the relative rate together with corrected
estimates of confidence intervals, Mantel-Haenszel test statistics and tests for trend in
the stratified analyses. In the stratified analyses presented in this reporf we evaluated
the influence of the various risk factors and dietary fat on breast cancer, after
stratification on age in three 5-year categories. Fat intake values were adjusted for
energy intake by the residual method (57) and categorized as quintiles, according to the
distribution in the subcohort.



In the multivariate analysis, relative rates for quintiles of fat intake were computed,
adjusted for other covariates in the model. Confidence intervals for relative rates were
computed using corrected variance-covariance estimates. Tests for trend were based on
likelihood ratio tests, with scores of 1-5 assþned to the increasing quintiles, as in the
stratified analyses.

Analyses were also conducted after excluding cases that occurred in the first year of
follow-up. The results were essentially similar; thus only results regarding the complete
follow-up period are presented.

Results

Details on the observed elposure distribution are given in the appendix-table where
quintile boundaries and medians within quintiles of daily energy and fat intake are
presented for the L598 female subcohort members with complete dietary questionnaires.
The unadjusted median daily intake of total fat ranged from 47.0 g in the lowest
quintile to L04.8 g in the highest quintile. After adjustment for energy intake these
medians were 61.0 and 85.5 g/day, respectively. Likewise, a reduction of variation in
intake estimates of the other fats and cholesterol occurred after adjustment for energy
intake. In this population energy intake was strongly associated with various fats; the
Pearson correlation coefficients between energy and fat intake were 0.89 for total fa!
0.81 for saturated fat, 0.84 for monounsaturated fat, 0.59 for poþnsaturated fat and
0.59 for cholesterol intake, respectively. Expressed as percentage of energy intake, the
median energy contribution of total fat ranged from 32J7o in the lowest quintile to
46.2c/o in the highest quintile. For saturated fat, these values werc I2.'1,7o and 19.97o,
respectively.

Table 1 shows the age-adjusted mean intake of energy and the mean intake of fats,
adjusted for age and energy intake, among the 1598 subcohort members. The average
mean daily intake was 1689 ¡- 409 kcal for energy (mean * sD), 74.2 1- 10.5 g for total
flat,29.7 -r 5.7 E for saturated fiaf,27.6 +- 5.2 g for monounsaturated fal 15.3 -+ 6.2 g
for poþnsaturated fat and 235 + 60 mg for cholesterol. The table also shows the mean
intake values according to the categories of various traditional nondietary confounders.
Energy intake was significantly positively associated with age at first birth (p<0.05), age
at menopause (p<0.01) and use of oral contraceptives (p<0.05). Significantly negative
associations existed between energy intake, an artificially induced menopause (p<0.01)
and Quetelet index (p<0.01). Total fat and monounsaturated fat intake were
significantly associated with a history of benign breast disease (p<0.05). whereas
saturated fat intake showed no significant associations with any of the other risk factors,
both monounsaturated and poþnsaturated fat intake were significantþ inversely
associated v¡ith highest attained level of education (p<0.05). Cholesterol intake was
significantþ associated with age at first birth (p<0.05), parity (p<0.05) and Quetelet
index (p<0.001). Overall, the differences in intake between the various categories of the
mentioned confounding factors were relatively small.

In table 2 the results of the stratified analyses for nondietary established and
potential risk factors for breast cancer are shown, after stratification by age in 5-year
categories. In this table the observed person years in the subcohort are shown, together
with the number of incident cases in each stratum. To illustrate the principle of the
case-cohort approach, the breast cancer incidence rate in the cohort cãn be estimated
after inflating the person years in the subcohort with the inverse of the subcohort
sampling fraction, i.e., 6257311812. For example, the estimated crude breast cancer
incidence rate in women without a history of benign breast disease would be
411i(5150x625731I812) or 231 per 100,000 person years.



Table l. Mean daìly intake of energy (age-adjusted) and fats (age- and energy-adjusted), acrording to
various cbaracteristics, in female,subcohort members wìtñ complete alétary Oata'(n=1598).

Mean daily inrake

Characteristic n* fue-adj. Age- and energ¡r-adjusted

Energy
(kcal)

Total Saturated Mono-unsat.
fat (g) fat (g) fat (g)

Poly-unsat.
fat (g)

Cholesterol
(me)

Total

Benign breast disease
No
Yes

Maternal breastca
No
Yes

Breastca in sister(s)
No
Yes

Parity
Nulliparous

1

2
>3

Age at first birth (yrs)
l7-1,9
20-24
2s-29
>30
Nulliparous

Age at menarche (yrs)

=1213
>14

Age at menopause (yrs)

=4445-49
50-54
>55

A¡tificial menopause
No
Yes

Use of oral contrâceptives
Never
Ever

Highest level of education
Low
Medium
Higlr

Current cigarette smoking
No
Yes

Quetelet index (kg/m2)
<22
23-24
2s-26
>n

1s98 1689

t476 1ó90
r22 1,672

1548 r69't
50 1611

1515 '1687

83 1719

1,697
1702
i658
1,699

I

t4t6
1673
1,699
1707
ßn

1671,
1689
1709

+
1609
t676
I'tu
r730

+
1304 t702
25t I62L

T
1180 L676
394 t735

m2 1675
550 17M
135 1721.

12ffi 1694
332 1,669

+
412 tju
436 1723
308 1656
39s 1630

74.2 29.7

t
74.4 29.8
72.2 28.9

74.2
74.3

74.2
74.5

74.8 30.2
'74.5 29.7
73.8 29.9
74.t 29.s

73.3 29.3
74.2 29.t
74.3 29.7
73.7 29.5
74.8 30.2

29.8
29.7
29.6

30.0
29.6
29.8
29.7

235

236
231

23s
230

236
223

I

227
231
239
237

t
242
239
239
230
227

239
233
236

240
231
234
251

234
U,0

234
240

234
23s
240

235
237

$
227
232
n2
251

29.7
30.0

29.8
29.s

74.2
74.0
74.5

75.0
74.4
73.6
74.2

275
t29
347
823

23
342
6s3
292
275

40L
736
442

232
479
673
rl7

74.t 29.7't4.8 29.8

74.3 29.8
74.0 29.6

74.5 29.6
74.2 29.9
72.5 30.1

74.3 29.8
73.9 29.6

73.7 29S
74.s 29.8
74.L 29.4
74.8 29.8

27.6

I

27.7
26.6

27.6
27.8

27.6
27.9

27.3
27.4
27.5
27.8

26.8
27.7
27.8
27.6
27.3

27.4
27.5
28.0

28.1,
27.7
27.4
27.4

27.5
28.2

27.6
n.6

I

21.9
27.3
26.9

27.6
27.7

27.3
27.6
27.5
28.2

15.3

15.3
15.2

15.3
t4.9

1,5.2
15.s

15.5
1ó.0
14.8
15.2

15.3
15.3
15.2
15.1
15.5

15.4
15.1
15.4

15.3
15.6
14.8
15.3

1,5.2
15.2

15.2
15.3

I

L5.4
15.3
13.8

15.3
15.0

14.8
15.4
1s.6
15.3

* Due,lo missing.questionnai¡e data orl non-dietary factors, numbers mây not add up to 1598 subiects
I p-value (Anaþis of variance comparing means) < 0.05; * p-value < O.Of ; S p-valui < O.fr)l



Table 2. Mantel-Haenszel relative rate of breast cancer according to various characteristics, stratif¡ed by
age (3 categories).

Characteristic No. of person years. of RR¡a¡¡ (952o CI) Test for trendcases observation in
from subcohortf

Benign breast disease
No
Yes

Mate¡nal breastcancer
No 443 S3yz
Yes 28 173

Breastca in sister(s)
No 434 5269
Yes 37 296

Parity
Nulliparous

L

2
>3

Age at first birth (yrs)
t7-'1,9
20-24
25-29
>30
Nulliparous

Age at menarche (yrs)
<'12

13
>14

Age at menopause (yrs)
<44
4549
50-54
>55

3.31 ( 0.07)

Artificial menopause
No 376 4474
Yes 73 887

Use of oral contraceptives
Never 348
Ever 105

Highest level of education
Low
Medium
High

0.40 ( 0.53)

Current cigarette smoking
No 376
Yes 94

Quetelet index (kg/m2)
s22
23-24
25-26
>27 0.60 (0.44)

41,1, 5150
û 41.s

1.00t
1.9] (1.37-2.66)

1.00t
2.03 (1.26-3.24)

1.00t
1.48 (0.98-2.21)

960 1.00+
4s4 0.94 (0.63_1.40)1223 0.78 (0.s7_1.06) rt.02 (<0.001)2833 0.64 (0.4e_0.84i

es 0.47 (0.1S_1.24)1198 0.74 (0.s3_1.01) 2.12 (0.1s)2237 0.64 (Q.1q_q.qli 6arous ònly)1016 0.91 (0.66-r.24i9û 1.00*

107
47

105
203

5
95

158
102
107

140 1387
204 2s36
118 1559

54 826
11,6 1650
212 2304
49 394

1.00t
0.80 (0.63-1.02)
0.77 (0.s8-1.01)

1.00+
1.08 (0.76-1.55)

l.t1 ( I .03-2.00) 11..46 (<0.001)1.89 (r.22-2.93)

1.00+
0.e8 (0.74-1.31)

1.00+
1.00 (0.77-r.30)

1.00t
0.91 (0.73-1.15)
0.9s (0.64-1.39)

1.00t
0.99 (0.i6-1.27)

4117
1343

281 3198
146 1.8U
37 450

44r0
1146

125 1.41.4

124 1483
88 1085

7t1 1381

1.00+
0.94
0.91
0.90

(0.71-1.24)
(0.67-t.24)
(0.67-1.20)

* Due to missing^ questionnaire data, the number of cases may be less than 471.f The number 9f-P9ls9f, years in the total cohort can be estimated uy murtipìying rhe subcohort person
. ¿ea¡s by 6257311812 (i.e., the inverse of the sampling fraction).
t Reference category.



As can be seen from table 2, the effects of the established risk factors are in the
anticipated direction. Elevated risks were found for women with a history of benign
breast disease (Mantel-Haenszel relative rate, RR:1.91; p<0.001), history of breast
cancer in mother (RR:2.03; p=0.01) and history of breast cancer among one or more
sisters (RR:L.48; p=9.66). Ag" at first birth was positively associated with the risk of
breast cancer, although the test for trend among parous women only was not significant
(p¡O.tS¡. When nulliparous were included, the test for trend became highþ significant
(X":8.38, p:0.004). Parity showed a significantþ negative association with breast
cancer risk (test for trend: p<0.001). Age at menarche was negatively associated with
breast cancer risk, although not significantly (p-trend:0.07), whereas age at menopause
was significantly associated with an elevated risk of breast cancer (p<0.001). No
significant associations were observed with artificial menopause (induced by hormones
or surgical) (RR:0.99; p:0.93), use of oral contraceptives (RR=1.00; p=9.99¡, Ievel of
education (p-trend:0.53), current cigarette smoking (RR=0.99; p:0.91) or Quetelet
index (p-trend:0.44).

Table 3 shows the observed Mantel-Haenszel relative rates for breast cancer
according to quintiles of energy and energy-adjusted fat intake, after stratification by
age. No significant associations were found with energy intake or energy-adjusted intake
of total fat, saturated fat, monounsaturated or poþnsaturated fat nor cholesterol.
Whereas the relative rate estimates for saturated fat were above the null-value, those
for monounsaturated fat and poþnsaturated fat were generally somewhat below the
null-value. None of the tests for trend was significant, however. With regard to energy
intake, total fat and cholesterol, essentially no association was observed. The same
picture emerged for fat intake quintiles that were not adjusted for energy intake or
when fat intake was expressed as percentage energy contribution (results not shown).

The associations between the risk of breast cancer and fat intake were further
evaluated in a multivariate model with adjustment for age, history of benign breast
disease, maternal breast cancer, breast cancer in sister(s), age at menarche, age at
menopause, oral contraceptive use, parity, age aI first birth, Quetelet index, education,
habitual alcohol use and current cigarette smoking. The results are presented in table 4.
As anticipated from the earlier associations in table L, this adjustment did not alter the
relative rate estimates appreciably. For total fa! the relative rate of breast cancer
increased to 1..34 and 1.29 in the third and fourth quintile of intake, respectively, but
decreased to 1.08 in the fifth quintile. The test for trend was not significant, nor were
any of the quintile-specific relative rates significantly different from unity. When energy-
adjusted total fat intake was entered as a continuous variable in the model, the relative
rate associated with an increase of 25.5 g/day (i.e., the difference in energy-adjusted
median intake between the fifth and first quintile) was 1.08 (957o Ct: 0.82-1.44). For
saturated fat, a positive association with the risk of breast cancer was observed in the
multivariate analysis, with relative rate estimates of 1..22, 1.22, 1.38 and 1.39 for the
second to fifth quintile, respectively (p-trend=0.049). None of quintile estimates was
significantly different from the null value, however. When saturated fat was entered as a
continuous variable in the model, no significant association was observed (p:0.20). The
relative rate of breast cancer for an increased intake of 14.3 g saturated fat per day
(difference in medians between fifth and first quintile) was 1.18 (957o cr:0.89-1.59).



Table 3. Mantel-Haenszel relative rate of breast cancer according to quintiles of energ¡r intake and of
enerry-adjusted fat intake, st¡atified by age (3 caregories).

Characteristic No. of Person years of
cases observation in
from subcohort
cohort*

RRMH (9s% CÐ Test for trend

x2 (p-value)

83 1032
83 1035
98 1046
92 1040
81 1034

88 1038
75 1034
9s 1036
9s 1040
84 1040

Total fat
1,

2
J

4

5

Energy (quintiles)
1 (low)
2
3

4
s (high)

Saturated fat
1

2
-t

4

5

Monounsaturafed fat
1,

2
5

4
5

Polyunsaturated fat
1,

2
-t

4

5

Cholesterol
1

2
J

4
5

1.00f
0.99 (0.71-1.40)
r.r7 (0.84-1.63)
1,.r1, (0.79-1.55)
0.ee (0.70-1.3e)

1.007
0.84 (0.se-1.18)
1.08 (0.78-1.s1)
7.07 (0.77-1.49)
0.9s (0.68-1.34)

1.007
1.L4 (0.80-1.62)
1.07 (0.7s-r.s2)
1,.32 (0.e3-1.86)
7.29 (0.92-1.81)

1.00r
0.e4 (0.68-1.31)
1.0s (0.76-1.45)
0.8s (0.61-1.19)
0.7s (0.s3-1.0s)

1.007
0.84 (0.60-1.18)
0.92 (0.66-1.28)
0.87 (0.62-1.22)
0.8s (0.61-1.le)

1.00r
0.e8 (0.70-1.37)
0.91 (0.65-1.28)
0.87 (0.62-t.23)
1,.04 (0.7s-1.44)

0.06 (0.81)

0.10 (0.75)

2.e1. (0.0e)

3.00 (0.08)

0.47 (0.4e)

76
84

81

97

99

95

91

98
82
7l

97 1031
83 1041
89 1040
84 1033
84 1042

m tß7
88 1042
84 1040
80 1032
95 1036

1039
1036
7042
7037
1033

1034
1042
1036
1035

1040

0.00 (o.ee)

t
There were 437 cases with complete dietary data.
Reference category.



Table 4. Relative rate of breast câncer according to quintiles of energ¡r-adjusted fat intake in
multivariate analysis.

Nutrient RR* (95Vo Cf) Test for trend

x2 (p-value)

Total fat, quintiles
1 (low)
2
3

4

s (hrch)

Saturated fat
I
2
3

4

5

Monounsâturated fat
1

2
3

4
5

Polyunsaturated fat
L

2
-t

4

5

Cholesterol
1,

2
3

4
5

1.007

1.00 (0.67-1.49)
1.34 (0.e1-1.e7) 1.00 (0.32)
t.29 (0.88-1.e1)
1.08 (0.73-1.5e)

1.00t
t.22 (0.81-1.84)
r.22 (0.82-1.84) 3.87 (0.049)
1.38 (0.92-2.06)
1'39 (0.94-2.06)

1.00f
1.03 (0.71-1.s1)
1.00 (0.6e-1.46) 2.33 (0.13)
0.99 (0.67-t.46)
0.7s (0.s0-1.12)

1.007

0.91 (0.62-1..34)
0.e0 (0.61-1.32) 0.04 (0.8s)
1.09 (0.75-1.se)
0.9s (0.64-1.40)

1.007

0.84 (0.s7-1.24)
0.85 (0.s7-1.26) 0.2e (O.se)
0.85 (0.57-7.27)
1.0e (0.74-1.61)

t Relative rate after adjustment for: age, history of benign breast disease, maternal breast cancer, breast
cancer in sister(s), age at menarche, age af menopause, oral contraceptive use, parity, age at first bi¡th,
Quetelet index, education, almhol use, current cigârette smoking.

T Reference category.

Monounsaturated fat intake was not associated with the risk of breast cancer in the
multivariate analysis; the relative rates for increasing quintiles were 1.00, 1.03, 1.00, 0.99
and 0.75 (p-trend=0.13). Poþnsaturated fat and cholesterol intake also did not show
any association with breast cancer rish the relative rates for the highest quintile
compared to the lowest were 0.95 and L.09, respectively. When fat intake w¿rs expressed
as percentage contribution to energy intake, no significant trends were observed in the
multivariate analyses. For example, for total fat the relative rates in increasing quintiles
of consumption were 1".00, L.09, 1.51, 1.22 aîd '1.02 (p-trend=0.734), with the medians



of these quintiles corresponding to 32.r,36.6,39.3,42.1 and 46.2 energy-To,
respectively. For saturated fat the relative rates were estimated as 1.00, 0.gg, o.gg:"1.21
and.1,Z4 (p-trend=0.093). In addition, when a fat decomposition model was used (60),
again no significant effect of saturated fat intake ** nót"d (results of latter u"uty*
not shown).

Discussion

We found no evidence for an elevated risk of breast cancer with increasing intake
of total fat, when adjusted for energy intake. For saturated fat, a weak positiie trend
with risk of breast cancer was observed, with increases in relative rate up to 1.39 for
those _in the highest intake quintile. However, none of the relative rates in the higher
quintiles of saturated f1t intake was significantþ different from unity. An associa"tion
would have been more likely if the positive trend was also significant when saturated fat
was entered as a continuous variable. This, however, was not the case. For
poþnsaturated fat and cholesterol intake, essentially no evidence for a relationship was
found. Monounsaturated fat intake was, if anything, negatively associated with breast
cancer risk, but not significantþ.

Before discussing these results in relation to other studies on dietary fat and breast
cancer' we will first describe the strengths and limitations of this study. These refer to
lhe _source 9f the population and the selected age range, homogeneity of dietary fat
intake, misclassification of exposure, selection attd conforrnding blas anã the tengín ot
follow-up. lhis study was carried out in a large sample of thle general populati"on of
wgTen aged 55-69 y"ult-_1t baseline, wtrich yields a sufficient nruñber of ôases to study
etiologic relationships (61). A potential disadvantage of this approach is that potentiJl
effects of diet early in life cannot be studied. However, most-laboratory expèriments
have suggested an effect of dietary fat on the promotional phase of breasi cancer qe.g.,
62), \nd recent case-control studies. (25, 

-32), 
and a cohort study (45) indicated oo rtìoi!

associations between fat intake during childhood or adolescenôe'ui¿ breast cancer riskl
Also,-most epidemiologic studies on diet and breast cancer with positive results indicate
an effect on postmenopausal_rather than premenopausal breast cåncer (39).

_Althougl rhe Netherlands is known for its trigtr per capita fat intaì<e i6l¡, etiologic
studies might be hampered ¡vhen the population is-relatively homogeneòus'regardiig
dietary fat intake. In our cohort, the unadjusted total fat intake variéd from a ãrediaí
of 47 glday (or,32vo of total energy) in the lowest quintile to 105 g,Jdav (46 enerÐt-vo\
in the highest quintile u*o.tgTg to our questionnairé ¿uø. rne quJsuoinìire aatã'mai
have overestimated the variability that actually existed in our cohårt. In this respect, thå
medians of the lowest and hìghest quintiles of intake according to the 9-day record
method in our validation study were 34 and 46 energy-To, respeõtively. It may be that
fat intake needs to be reduced more substantialþ tõ-exert an effect, attno"jn a true
reduction of habitual fat intake below 30 energy-Vo may prove to be very dlfficult to
achieve in free-living Western populations. AIso, epidemiological studies ihat included
subjects with observed fat intakes as low as 20Vo õf total 

"ñ"tgy 
or less (2I,27) have

produced negative findings with respect to breast cancer riskl- Results fronr ito¿i",
lmong southern-European populations in Greece and Italy with presumably more
heterogeneity in the diet than the Netherlands were inconsistent 1ts,zd,sa¡.An issue that is related to the observed range of exposure is ìhe misciassification of
e{posure that is inherent in dietary epidemiological studies. For our study we used a
semiquantitative food frequency questionnaire, which was designed to capture the
etiologically interesting variation in intake between individuals. bur validation study
indicated a reasonably good validity, which is partly explained by the large number Jf



included food items. Most dietary assessment methods in the diet and breast canoer
studies were not validated and included considerably less items, sometimes as few as 10
or less (e.g., 31,33,36,40). This also limits the possibility to adjust for energy intake,
which is of importance considering the often strong correlation between fat and energy
intake (64) and the recent laboratory evidence suggesting that energy intake rather than
fat may be implicated as a determinant of breast cancer (65-67).

Selection bias due to loss to follow-up is unlikely in our study considering the lMTo
complete follow-up of person years and the high completeness of cancer follow-up.
Also, there are no reasons to assume that there is insufficient control of confounding in
our analysis. We measured and controlled for the established risk factors of breast
cancer. Moreover, the relative risk estimates \vere not materially affected by controlling
for these factors because of the weak associations with fat int¿ke.

A potential drawback of the study is the still Iimited length of follow-up, i.e. 3.3
years. When we excluded cases occurring during the first year of follow-up, the
conclusions about the effect of fat were not different from those based on the total
group of cases. Although it cannot be excluded that a stronger effect of fat will become
apparent when a longer follow-up period will be available, other cohort studies
employing longer follow-up periods do not provide a clear indication for this possibility.
Knekt et al. (46) observed a borderline significantþ positive association with
monounsaturated fat after 20 years of follow-up, but in another cohort study with 21
years of follow-up no significantþ elevated risks were found (42). Other cohort studies
with five to ten years of follow-up mostþ produced no significant associations with fat
or meat intake (40,44,45,48,68). In future analyses we will evaluate whether the
estimated association between dietary fat and breast cancer will change with a longer
follow-up period.

A review of the published case-control studies on dietary fat and breast cancer
reveals that the results vary substantially. Of the case-control studies that measured fat
intake, eight showed a significant positive association between intake of total fat or a
particular type of fat and breast cancer risk (10-17). ln 12 other case-control studies no
(significant positive) association was reported (18-29). In a number of case-control
studies only the intake of some specific fat-containing foods such as meat or dairy
produce was measured, but the results were also inconsistent. Significant positive
associations were found with meat intake in six studies (18,26,28,31-33) with intake of
dairy produce in five studies (13,18,31,34,35), whereas no (significant positive)
associations with meat intake were detected in seven studies (13,16,34-38) and with
dairy produce in two studies (32,38).

In prospective cohort studies, the potential problem of biased recall of past food
intake (inherent in case-control studies) is avoided. Hirayama found a positive
relationship with meat consumption in Japan, but there were only L4 cases in the
exposed group (daily meat consumption) and no significance testing was described (40).
The cohort studies among US nurses (64) and among special exposure groups such as
Seventh Day Adventists (42,45) and nuns eating little or no meat (41) were negative
with regard to meat and breast cancer risk. Vatten et al. (47) recentþ reported an
increased risk associated with the consumption of meat at hot meals. However, there
was no control in the analysis for various reproductive factors, nor for energy intake.
We did also analyze the relationship between meat intake and breast cancer in our
cohort study and found the rate ratio of breast cancer for women consuming meat 0-1.

days/week relative to those consuming meat 5-7 daysfiveek to be 1.23 (95Vo Cl: 0.63-
2.37), wirh no evidence for a trend. Only four prospective cohort studies have used
dietary assessment methods that permitted calculation of energy intake (43,44,46,48).
Jones et aL (\ found significantþ negative associations between total and saturated
fat intake and breast cancer risk, but this was based on 24-ht dietary recall data which



may not adequately represent an individuals' habitual intake. Knekt et al. (a6) reported
positive associations with energy-adjusted intake of fats but the trend 'was 

only
significant for monounsaturated fat. Even after a follow-up of 20 years, the number of
incident cases was small, however. willett et al. (43) and FÍowe et ;L (4g) have reported
results from large cohorts of women in the US and Canada, rerp""tiu"ly. Willett et al.
observed no effects of high fat or cholesterol intake on breast cancer risi after four (43)
and eight years of follow-up (68). Howe et al. reported slightly elevated relative riskì oi
1.2-1.3 in the highest quartile of intake for total fat and monounsaturated fa! with
marginally significant te.sjs fol trend (48). However, the relative risk estimates in highest
category were not significantþ different from unity, similarly to what we observãd in
our study regarding saturated fat.

In conclusion, we found no significant association between total fat intake and
postmenopausal breast cancer risk. There was some evidence for a weak positive
relationship with saturated fat intake but not with the other types of fat or choËsterol.
The significance of the association with saturated fat d'epended on the model
specification and was inconsistent. We cannot exclude that a ìonger follow-up period
may yield positive findings, but the current study does not indicite that fat inøt" it
strongly related to breast cancer risk. If dietary fat is etiologically relevant, our study
suggests it is accountable to saturated fat.
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Appendix+able. Percentile values of daily intake of energy and fat (quintile boundaries plus medians
within quintiles) in female subcohort members with complete dietary data (n=1598).

Percentile value
Variable
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Unadjusted 47.0
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Saturated fat (g)
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Unadjusted 6.8

Energy-adjusted 8.1

Cholesterol (mg)
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Abstract

The association between alcohol consumption and cancer of the colon and rectum was
investigated in a prospective cohort stud¡ conducted in the Netherlands from 19g6
onwards among l20rE52 men and women, aged 5s-69. During 3.3 years of follow-up,
312 and 1.66 cases of colon and rectal cancer had accumulated respectively. Aftôr
exclusion of cases diagnosed in the fìrst year of follow-up, the analysiJ was bâsed on
217 incident cases of colon cancer (107 men and 110 women) and 113 cases of rrcctal
cancer (75 men and 38 women). For colon cancer, no association with intake of alcohol
nor with the consumption of beer and wine could be demonstrated; for liquor a
signilicant (p=0.042) decreasing risk with increasing consumption was observed. For
rectal cancer in men, positive trends were observed for alcohol inbke (p=0.041), beer
(p=0.050) and liquor (p=0.056). Multivariate models including alcohol ¡ntaLe and one
beverage tIPe at a time showed that the increased risk wãs mainly restricted to
consumption of beer (RR (yes/no): 1.94, 95Vo confidence interval: l.0g-3.47). Results for
rectal cancer in women were consistent with those in men, but data were too scarce to
provide stable estimates. It is concluded that only consumption of beer appeared to
increase risk of rectal cancer, but not colon cancer. It is speculated whethö the high
nitrosamine content of beer in the past has caused the increased risk

* Submitted for publication



Introduction

The consumption of large amounts of alcohol has definitely been shown to increase
the risk for cancer of the upper digestive tract (oral cavity, pharynx, esophagus). For
cancer of the lower intestinal tract, i.e. colon and rectum, substantial evidence has
accumulated from epidemiological . studies that alcohol consumption has only a weak
effect on risk, if any. A recentþ published meta-analysis, performed on presumably all
27 epidemiologic studies regarding colorectal cancer that quantified alcohol
consumption, demonstrated a relative risk (RR) of only 1.10 (957o confidence interval
(CI) 1.04-1.14) for subjects taking two drinks per day (equivalent to 24 g of ethanol)
compared to abstainers; the association in follow-up studies, however, was stronger
(RR:1.32, CI 1.16-1.51) than that in case-control studies (RR:1.07, Cl 1.02-1.12)(1).
In the meta-analysis, no difference in RR between men and women was observed, nor
between tumor sites (colon or rectum). When type of alcoholic beverage was evaluated
(in 8 of the 27 studies), consumption of beer had the largest relative risk (1.26, CI
1.13-1.41) as compared to wine (RR=1.11, CI 0.91-1.36) or liquor (RR=1.13, CI
0.99-1.29). Nevertheless, a number of studies have convincingly shown a higher relative
risk for rectal cancer than for colon cancer (2-7). It is furthermore intriguing that in
some studies beer drinking is clearly associated with an increased relative risk of rectal
cancer, (2,3,5,6,8,9) while in other studies it is not (4,10,11). It has been suggested that
the higher risk associated with beer drinking has been caused by contamination of many
types of beer with nitrosamines in the past (12).

These results prompted us to investigate the relation between consumption of
alcoholic beverages and the risk of colon and rectal cancer in the Dutch prospective
cohort study on diet and cancer (13). In this study among 120,000 men and women,
which started in 1986, detailed information has been collected on dietary habits
including drinking habits by means of a seH-administered questionnaire.

Subjects and methods

The cohort
The prospective cohort study on diet and cancer has been initiated in the

Netherlands in September 1986. The cohort included 58,279 men and 62,573 women
aged 55-69 at the start of the study. The study population originated from 204
municipal population registries throughout the country. At baseline, the cohort
members completed a mailed, self-administered questionnaire on dietary habits and
other risk factors for cancer. For dat¿ processing and analysis the case-cohort approach
was used: the cases were enumerated for the entire cohort, while the person years at
risk accumulated in the cohort were estimated from a random sample (subcohort). This
subcohort of 3500 subjects (1688 men, 18L2 women) was sampled from the cohort after
the baseline measurement and was followed up for vital status over 3.3 years. The study
design has been described in detail elsewhere (13).

Follow-up for cancer
Follow-up for incident cancer was established by computerized record linkage with

all nine regional cancer registries in the Netherlands and with PALGA, the Dutch
national data base of pathology reports. The method of record linkage has been
published previously (1a). The present analysis is restricted to cancer incidence in the
period from September 1986 (baseline measurement) to December 1989, i.e. a follow-
up period of 3.3 years. In this period, completeness of follow-up of the cohort through
linkage with the cancer registries and PALGA together was estirnated to be very high



(15). After excluding subjects who reported a history of cancer other than skin cancerin the baseline questionnaire, a total of 478 intident cases with microscopicalÇ
confirmed primary adenocarcinoma of the colon (157 men, 155 women) and rectum
(101men, 65 women) were identified.

Questionnaire
A self-administered questionnaire was used at baseline to collect data on dietary

habits, precursors and other (possible) risk factors for colon, rectal and other cancers.
The dietary section of the questionnaire concentrated on habitual consumption of food
and beverage_s fulng the year preceding the start of the study and included 150 food
items. Use of alcoholic beverages was addressed by six items: (á) beer, lb) red wine. lcl
white 

^wine, 
(d) sherry and other fortified win-es, (e) ïqueur i"âotuioirrg'rcr" etünàli

and (f¡^ Q"_rc!) gin, brandy, whiskey. Together,'tfrese itemi p."runribly covered aí
types of alcoholic beverages consumed. For each item, the questìonnaire included seven
frequency categories (nev-er/less than once per month, on"ä p", month, 2_3 times per
month, once per week, 2-3 times per week, 4-5 times per weet, o-z tirnes per *eek¡ änã
the number of glasses per consumption frequency.

The questionnaire has been validated against a 9-day diet record (16). The
Spearman correlation coefficient between mean daily ethanól intake urr".rèd îy tne
questionnaire and that estimated from the 9-day record was 0.89 for all subjectJ and
0.85 for users of alcoholic beverages; the absolute amount of ethanol reportËd in tne
questionnaire by users of alcoholic beverages was, on average, 867o of thát reported in
the record.

Data analysis
Questionnaire data were processed for all 478 incident colorectal cases in the

cohort and for all subcohort members. After excluding prevalent cancer cases other
than skin cancer from the subcohort, 3346 subjectr lrå:o men and 1716 women)
remained i1 this group. The questionnaire data weie key-èntered twice and processed ií
a manner blinded with respect to case/subcohort statui in order to minimize observer
bias in coding and interpretation of the data. Alcohol data were considered incomptete
when all questions on consumption frequency of alcoholic beverages were left blank
and iwo.other questions on alcohol consumption did not indicate ùrat the subject was
an abstainer. These two questions concerneã alcohol intake during the past wäek and
fiye years ago. The analysis is based on 3170 subcohort members 1í+.17o¡'and 461 cases
(s!;!f.") for whom the data on alcohol consumption *"t" 

"onÀidered 
complete. An

additional 4.3 7o of the slbjects produced incomplete or inconsistent dieäry data,
according to criteria described by Goldbohm 

-et al 116). For these subjects, u äu-.y
variable was included in the models adjusting for dieùry factors.

For each alcoholic beverage item, the number of glasses taken per week was
calculated by multþlyi$ th9 frequency per week by 1ne number åf gl^r", p",
frequency. Four items lom the questionnãire, i.e. red wine, white wine, 

"sherry 
ånã

liqueur, were combined in this and subsequent analyses, since these items were
substantially correlated and separate treatment would éventually result in scarcity of
!ata. Mgan daily ethanol and nutrient intakes were calculated using the computerized
Dutch food composition table (17). Energy adjustment of nutrieni intakes was done
according to willett and Stampfer (1s). The euetelet Index (kg/mt) was used as a
measure of obesity.

-. Data were analysed using the case-cohort approach, (19) assuming exponentially
distributed survival times in the follow-up periòá. Since 

'standar¿ 
soltr¡¡are *", oot

available for this type of analysis, specific programs were developed to account for the



additional variance introduced by sampling from the cohort instead of using the entire
cohort (20). The following variables were considered as potential confounders: age,

large-bowel cancer in first-degree relatives, smoking, Quetelet index, level of education,
previous gallbladder surgery, intake of energy and energy-adjusted intake of fat meat
protein, dietary fiber, vitamin C and calcium. Subclinical symptoms of large bowel
cancer may influence dietary habits before diagnosis. Therefore, we excluded cases

diagnosed in the first year of follow-up after assessing the impact of exclusion on the
risk estimates.

Results

Table 1. Drinking habits among subcoho¡t and cases of colon and rectal cancer.

Men 'Women

Drinking habit Subcohort Colon Rectum
nPTTnn

Subcohort Colon Reclum
nPTTnn

Totalt

Abstainers

IJsers of alcoholic beverages:
Ethanol (g/day)

0.r- 4.9
5.0-14.9

t5.0-29.9
> 30.0

Beer (glassesrireek)
No bee¡
< 1.1

1.1-4.9
> 5.0

Wine (glassesÁreek)f
No wine
< 1,.2

r.2-4.9
> 5.0

Liquor (glassesÁreek)
No liquor
< 2.0

2.1.-7.4
> 7.5

1591 5114

246 782

325 1043
441 1418
358 1167
221 704

t46 57

56 1,9

42 21.

259
165
73

30 24
30 r7
39 23

27 18

435 t396 45 24 927 3005 75 30
344 Lt07 26 23 9t 297 7 6

229 746 19 15 25 79 4 I
337 1083 36 20 28 92 4 1,

35

I
1,

t

t4

153

2',1

1,579 5144

s13 1667

582 1m7
286 933
1,42 458
5ó 779

554 1777 42
251 806 22
27t 879 24
268 867 38

435 1,402 38
311 1005 32
285 924 26
313 998 29

38
15

15

t4

3

11

10
t4

58 188 9
353 1158 24
323 1056 22
327 1059 35

85s 2789 77
t02 335 6

6s 209 2
42 r37 5

u
L7

16

25

* Total number of subjects for whom information on drinking habits was available.
f PT: Person-time-at-risk (year) in the subcohort; multiplying PT by the inverse of the subcohort

sampling fraction (110.029=34.533) gives the estimated person-time-at-risk in the cohort, which may be
used to calculate incidence density rates.

f Among male wine drinkers, 63Vo drank red wine, 59Vo white wine, 48Vo sherry and L6Vo liqu.elul.;

among female wine drinkers, the corresponding percentages were 47, 54, 51 and 38 reryectively.



Table 1 displays the drinking habits in the study population. Of the men in the
subcohort, 857o drank alcoholic beverages at least once a month. Consumption of beer,
v¡ine and liquor was about equally distributed. Liquor was consumed in larger amounts
than beer or wine. In contras! 687o of the women reported drinking óf alcoholic
beverages, mainly wine. Their intake of alcohol (mean 8.5, sD 10.6 g/day) was also
much lower than that of male alcohol consumers (mean 17.1, sD 16.6 glday)-.'

Table 2 shows that the three types of alcoholic beverage *ere ,rncorrelated. The
correlation of the beverage type with ethanol intake indicates their relative importance
in men (liquor) and women (*io"). Since alcohol provides erì€rgl, alcohol unà 

"o"rgyintake are modestþ correlated (r=0.14). The very low correlation with energy derivãä
from other sources indicates that alcohol is merely added to the diet without- affecting
energy intake from other sources.

Table 2. Associations between ethanol intâke, consumption of specific alcoholic beverages and energy
in the subcohort (Pearson (Rp) and spearman (Rs) correlation coefficients).

Ethanol Liquor

RpRpRpRp

Men (n=1591)
Ethanol
Beer
Wine
Liquor
Energy
Energy excl. ethanol

Women (n=1579)
Ethanol
Beer
Wine
Liquor
Energy
Energy excl. ethanol

1.00

0.s1 ( 0.52)
0.s0 ( 0.41)
0.73 ( 0.6e)
0.1s ( 0.14)

-0.07 (-0.0s)

1.00

0.24
0.84
0.57
0.1,4

-0.02

1.00

0.01

0.02
0.13
0.02

0.33) 1.00
0.90) 0.05

0.43) 0,04
0.14) 0.03
0.02) -0.01

( 0.07) 1.00
( 0.06) 0.07 ( 0.0e)
(-0.01) -0.0e (-0.0s)

0.08)
0.16)
0.17)
0.08)

1.00

0.04
0.07

-0.04

0,20) 1.00

0.16) 0.07 (
0.0e) 0.1.4 (
0.03) 0.07 (

1.00

0.05 ( 0.10)

-0.04 ( 0.02)

0.16)
0.14)
0.04)

Table 3 presents mean alcohol intake in the subcohort according to several
characteristics that are considered to be confounding variables for thJ rehtionship
between alcohol intake and colorectal cancer. Smoking and education were strongþ,
positively related to alcohol intake. The Quetelet index was positively related to alcoiól
intake in men onl$ in women a weak inverse association wai found. Alcohol intake was
relatively constant across quintiles of absolute fat intake, but decreased with increasing
level of energy-adjusted fat intake (data not shown), because alcohol contributes tã
energy intake. Dietary fiber was negatively associated with alcohol intake. The intake of
protein from meat increased with alcohol consumption, which relation persisted after
adjustment for energy intake.

Table 4 shows the relative rates (RR) for all cases of cancer of the colon and
rectum according to alcohol consumption and for those cases diagnosed after one year
of follow-up.



Table 3. Mean ethanol intake (g/day), adjusted for age, according to baseline characteristics of men and
women in the subcohort*.

Characteristic Men Women

sf) Mean SD

Age (year)
55-59
ffi-&
6s-69

Smoking
Never
Ex-smokert
Current cigarette smoker

< 10/day
70-19lday
> 20lday

Quetelet index (kg/m'?)
s22
2324
2526
>27

Gallbladder surgery
No
Yes

Level of education
Low
Medium
High

Fat intake
Quintile 1

Quintile 2
Quintile 3

Quintile 4

Quintile 5

Meat protein intake
Quintile 1

Quintile 2
Quintile 3

Quintile 4
Quintile 5

Dietary fiber intake
Quintile 1

Ouintile 2
Quintile 3

Quintile 4

Quintile 5

16.9
77.5
1,4.9

10.5
t4.9

15.6
r8.7
21.5

575 14.8f
526 15.2t
407 13.47

1,46

825

83
26s
189

298
475
394
287

589 6.3f 10.3
sls 5.6f 9.3
4Ls 5.2t 8.8

9,7
8.4

6,1,

5.2
15.7
13.5

839 4.4
537 7.5
135 9.8

7.9
15.1

t6.2
't6.7

21,.6

13.1
1,6.9

15.1
16.8

13.3
1ó.3
20.2

16.4
14.0
1.6.t
1,6.7

1,4.6

L1.8
13.8
14.9
18.4
18.9

18.1
't6.3

16.2
1,4.0

13.1

15.3
18.4
L5.2
1ó.8

1,6.7

12.9

1.4.t
18.6
17.6

18.3
14,1
16.0
18.4
15.8

t4,1.
t4.1
16.1
16.0
20.7

18.5
16.4
18.6
1,4.4

13.9

9.8
9.8
9,0
9,7

890 3.6 6.6
308 8.7 10.9

103 8.9 11.s
134 7.6 10.6
84 L4.t L6.0

1440
68

1316
203

398 6.9
420 6.5
289 5.2
368 5.1

296 5.5
308 6.0
304 5.2
303 5.6
308 7.4

702
525
n1

303
300
302
300
303

299
302
302
302
303

305
296
309
301
297

1,1

10.9
12.2

10.5
9.0
8.4
9.2

r0.4

307 3.9
30ó 4.5
298 6.7
304 7.3
304 7.4

297 6.8
308 7.1
308 6.1
30s 4.8
301 4.8

7.5
7.2

t0.2
10.8
10.9

11.0
r0.7

8.7
8.1
8.8

Subjects with complete dietary data (1508 men and L519 women); numbers may not add up to these
figures due to missing values for non-dietary variables,
Ethanol intake not adjusted for age.
Ex-smokers include current smokers of pipe and cigars. I

I
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Table 4. Age-adjusted relative rate of colon and rectal cancer classified according to ethanol intake
among all cases and after exclusion of cases diagnosed in the first year of fõilow-up.

Level of ethanol
intake (g/day)

All cases First year excluded

RR 95Vo CI RR 95Vo Cl

Men total
Abstainers

0.1,- 4.9
5.0-14.9

t5.0-29.9
> 30.0

p-value for trend

Women total
Abstainers

0.1,- 4.9
5.0-I4.9

15.0-29.9
> 30.0

p-value for trend

Men total
Abstainers
0.1- 4.9
5.0-14.9

7s.0-29.9
> 30.0

p-value for trend

Women total
Abstainers
0.L- 4.9
s.0-14.9

1,5.0-29.9

> 30.0
p-value for trend

1s3

27 1.00
30 0.91
30 0.67
39 t.02
27 1.20

0.413

146
56 1.00
42 0.67
2s 0.81
16 1.07
7 1..31

0.754

1.00

1.36

0.71

1.1,4

1.51
0.479

57
19 1.00
21, 0.99
9 0.86
5 0.99
3 I.1l

0.781

COLON

0.52-1..57

0.39-1.15
0.6t-2.72
0.68-2.12

0.4t-7.42
0.29-1.00
0.45-1.4s
0.47-1,.76

0.70-3.61.
0.37-z.ffi
0.86-4.19
1.10-5.6ó

0.42-7.93
0.32-2.20
0.38-3.59
0.39-7.76

107

23

21

20
26
17

110

45
31,

1,6

13

5

1.00
0.t6
0.s3
0.81
0.91

0.45-1.00
0.50-1.29
0.ó1-1.86
0.ffi-2.87

RECTUM

0.69-2.67
0.35-1.4ó
0.s8-2.26
0.74-3.09

0.54-1..82

0.39-t.87
0.38-2.6t
0.52-5.68

0.771

0.938

0.02r

0.685

1.00

1.58
0.87
1.90
2.49

1.00

0.90
0.84
1,.17

1.74

1.00
0.62 0.39-0.97
0.64 0.36-L.14
1.09 0.s9-2.03
7.22 0.48-3.09

75
8

L6

T2

22
l7

38
13

13

6
4

2

10s

t4
24
17

23
27

Among men, the estimated relative rates in cases diagnosed after more than one
year of follow-up were clearly different from those in ail ãases, although among coi;
cancer cases- relafively more heavy drinkers and less abstainers were d-iagnosedin thefirst year of follow-up,. whereas among rectal cancer cases an opposi-te trend was
detected. Further exclusion of cases diagnosed in the second year of io[o*-up did noichange the estimates anymore. Among women, no effeci of exclusion of cases
diagnosed in the first year was seen. For iubsequent analyses, we excluded male as well
as female cases diagnosed in the first year of follow-up.
. Tables 5 and 6 present the relative rates of co-lon and rectal cancer for ethanol
intake and the three types of alcoholic beverage after adjustment for confounding.
Familial history of large-bowel cancer, vitamin Cãnd calciu. *"r" not included in the
models since they did not affect the estimates for alcohol. The estimated RR,s were



quite similar for men and women, justi$ing pooling of the data of both sexes. For colon
cancer no enhancing effect of alcohol of any type was evident. Notable are the U-
shaped dose-effect relations for ethanol intake and all beverage types except liquor,
which showed a significant (p:0.042) negative association. The risk of rectal cancer, on
the contrary, appeared to be enhanced by alcohol consumption and, most consistentþ,
by beer consumption.

Table 5. Relative rate of colon cancel* according to drinking habits, adjusted for confounderst.

Drinking habits Men Women Both sexes

RRRR RR$ 95Vo Cl

Abstainers*

Ethanol(g/day)
0..L- 4.9
s.0-14.9

15.0-29.9
¿ 30.0

p-value for trend

Beer (glassesÁxeeþ
No bee¡

< 1.1

1..1- 4.9
¿ 5.0

p-value for trend

Wine (glassesfreek)
No wine

< 7.2
1.2- 4.9
> 5.0

p-value for trend

Liquor (glassesfreeþ
No liquor

< 2.0
2.L- 7.4
> 7.5

p-value for trend

22 1.00

20 0.72
19 0.52
24 0.79
1,6 0.94

0.767

33 0.84
12 0.39
t2 0.66
22 0.88

0.450

n 0.60
L4 0.6s
15 0.63
23 1.05

0.746

26 0.76
t9 0.69
18 0.72
16 0.s6

0.114

31, 0.69
1s 0.61
72 1.01

5 1.29
0.756

51 0.68

72ll 1.0711

0.464

53 0.75

10 il 0.s8ll

0.090

1.00631.0041

6 t.4t
18 0.&
16 0.63

23 0.81
0.160

51 0.70
34 0.58
36 0.89
21. 1.09

o;18',1

0.47-L.06
0.37-0.93
0.49-1.ó0
0.33-3.59

84 0.74 0.52-1.05
t7 0.46 0.25-0.83
t6 0.83 0.44-1.56
25 0.94 0.4r-2.r4

0.592

33 0.70 0.41-L.20
32 0.6s 0,42-1.02
31 0.63 0.40-0.99
46 0.96 0.57-1.59

0.464

79 0.76 0.54-1.08
25 0.73 0.43-r.22
t9 0.61 0.35-1.08
t9 0.62 0.30-1.28

0.042

Cases diagnosed in first year of follow-up excluded; number of cases may not add up to those in Table
4 due to ¡¡issing values for non-dietary variables.
Adjusted for age, smoking, Quetel€t index, history of gallbladder surgery, level of education, intake of
energy and energy-adjusted intake of fat, meat protein and dietary fiber.
Reference category.
Also adjusted for sex.

All three quantitative levels combined.

I
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Table 6. Relative rate of rectal cancer* according to drinking habis, adjusted for confounderst.

Drinking habits Men Women Both sexes

RR$RRRR 95Vo Cl

Abstainersf

Ethanol(g/day)
0.1- 4.9
s.0-1,4.9

1,5.0-29.9
> 30.0

p-value for trend

Beer (glassesrfueek)
No beer

< 1.1
l.l- 4.9
> 5.0

p-value for trend

Wine (glassesÁveek)
No wine

< 1.2
t.2- 4.9
> 5.0

p-value fo¡ trend

Liquor (glassesÁveeþ
No liquor

< 2.0
2.1,- 7.4
> 7.5

p-value for trend

1,6 1.91
12 1.08
21 2.1.4

17 2.83
0.041

15 1.26
L9 2.03
t3 2.17
1,9 2.04

0.050

30 2.10
13 1.93
9 r.13
74 1.70

0.972

t9 1.65
13 1.60
11 1.35
23 2.67

0.056

t2 1.00

10 0.83
5 0.71.
4 0.y7
2 13L

0.965

15 0.71.

6il 1.91il

0.594

2 7.56
5 0.63
4 0.56
10 1..29

09&

1.001.00

26 1,.22 0.63-2.3s
17 0.84 0.43_1,.&
25 1.51 0.71,-3.21.
19 1.95 0.40-9.64

0.091

30 0.91. 0.50-1.65
23 1.81 0.91_3.s8
14 1.88 0.u-4.23
20 't.66 0.57-4.80

0.044

32 1.59 0.83_3.04
18 1.18 0.62_2.24
t3 0.79 0.38-1.63
24 1.38 0.66-2.89

1.000

tT

0.68-4.00
0.6L-4.r9
0.s0-3.60
0.95-7.52

* Cases diagnosed in first year of follow-up excluded; number of cases may not add up to those in Table
4 due to missing values for non-dietary variables.

f Adjusted for age, smoking, Quetelet index, history of gallbladder surgery, level of education, intake of
. inergy and energy-adjusted intake of fat, mear protein and Oietary fibL. 

.

S Reference category.
$ Also adjusted fo¡ sex.
ll All three quantitative levels combined.
f Insufficient data fo¡ liquor consumption in women; confidence intervals based on estimates for men

only.

From the analysis presented in Table 7, which included ethanol intake as well as
o19 

-typ." 
of beverage in the model, it was evident that beer was the only beverage-for

whic! risk was significantly ìncreased (RR = 1.94, CI l.0g -3.47).
The estimated RR's of colon and rectal cancer for red, white and fortified wines

were compa¡able to those for all wine. The results with respect to alcohol consumption
were. similar for subjects with and without a history of large-bowel cancer in first-dågree
relatives.



Table 7. Relative rate estimaÍes for colon and rectal cancer (men and women combined) in multiva¡iate
models including ethanol intake and type of alcoholic beverage*.

Variable Beer Wine

RR 957o Cl

Liquor

RR 95% Ct 95Vo Cl

Ethanol(g/day)
0
0.1- 4.9
5.0-14.9

't5.0-29.9

> 30.0
p-value for trend

Type (yes/no)
p-value

Ethanol(g/day)
0

0.1- 4.9
s.0-14.9

1,5.0-29.9
> 30.0

p-value for trend

Type (yes/no)
p-value

1.00

0.72 0.48-1.09
0.61 0.38-1.00
0.95 0.50-1.81
1,.17 0.33-4.13

0.893

0.86 0.57-1.31
0.466

1.00
1.01 0.51-1.98
0.61 0.29-L.30
1,.04 0.43-2.53
r.31, 0.23-3.47

0.525

L.94 1,.49-3.47

0.012

COLON

1.00
0.67 0.39-1.16
0.s6 0.31-1,.02
0.85 0.42-7.75
1.0s 0.28-3.89

0.677

1.06 0.67-1,.67

0.796

RECTUM

1.00

1.60 0.77-3.33
1.10 0.51-2.41,
7.96 0.82-4.69
2.62 0.49-13.9

0.031

0.69 0.41-1.1ó
0:t49

1.00
0.74 0.49-1..t2
0.65 0.40-1.08
1,.04 0.52-2.09
t37 0.35-4.94

0.620

0.76 0.49-1.18
0.173

1.00
t.26 0.66-2.42
0.90 0.44-t.87
1.66 0.66-4.15
2.'t6 0.36-12.8

0.066

0.87 0.s0-1.50
0.578

* The models included all mvariates that were also included in the models in Tables 5 and 6, the
categorical variable ethanol intake and one type of alcoholic beverage (yes/no).

Discussion

We have presented evidence that supports a positive relationship between alcohol
consumption and rectal cancer but not colon cancer. For rectal cancer, the positive
association was most pronounced among men and referred to alcohol intake and beer
consumption, both showing a significant trend. Liquor consumption showed a
significantly increased risk in the highest consumption category, i.e. one or more drinks
per day. Multivariate analysis, however, revealed that beer was the only beverage type
that accounted for the increased risk. The results for women were compatible with
those for men, although the data were too scarce to draw definite conclusions with
respect to women specifically. For colon cancer, the U-shaped relation with amount of
alcohol consumed was very clear in men as well as women. The lowest relative rate
(RR:0.58) was observed for consumption of 5-15 g of ethanol per day. For types of
alcoholic beverage the U-shape seemed to hold as well, except for liquor which showed
a significantly negative trend (p:¡.942¡.

Misclassification of alcohol consumers as abstainers can easily occur in self-
administered food frequency questionnaires since some subjects not only tend to skip



itenrs they do not consume (16,2I), but possibly also items found difficult to answer.
We have minimized such misclassification by coding subjects who skipped the alcohol
items as abstainer only when this was consistent *lth ôtner informäiion on alcohol
consumption. Although_ the consequence of this choice may have been that the subjects
with missing alcohol data Q.47o of the men and g.07o' or the women) comprise a
relatively high proportion of actual abstainers, resulting in an underestimation of the
proportion of abstainers among the subjects included in the analysis, this is not likely to
affect the risk estimate among abstainers.

- we did not try to assess lifetime arcohol consumption, which may be a more
relevant measure of exposure in the etiology of cancer thàn alcohol consumption during
the past year. Annually repeated administration of the questionnair" orr"i ¡u" y""rr]
however, has demonstrated that the correlations between the baseline and repeateá
measurements of alcohol intake remained virtually søble with increasing interval
between the measuremgnts, (22). Moreover, it is well known from methãaologlcai
studies on nutrient intake that. retrospective assessment of diet in the distant puit i,
strongly influenced by current dief (ß-25).

We decided, mainly on biological grounds, to exclude from the analysis all cases
diagnosed in the first year after completion of the baseline questionnaiie. Exclusion
appeared to have effect on the distribution of alcohol intãke among men only;
furthermore, the effect of exclusion was dissimilar for colon and rectal 

"in"er. 
we cíó

not have a ready explanation for these differences.

, Drinking habits are strongly related to dietary habits and other lifestyle
characteristics. The strong association between smoking and alcohol consumption iJ a
very common finding. The association between alcohol and euetelet index, which was
shown to be positive in our male population just as in another Dutch poputation liA¡, ì,not found in all populations (27), e.g. in the USA in which almost no associatiòn îas
been demonstrated (?g)..h.^y:q"n, the srightþ negative association corresponded with
that reported in the USA (2s). Level of educátion-is strongly and positiveiy related to
alcohol intake. This association may be restricted to older u!" groups (29). ihe absence
of a relation with fat intake and a negative relation with-fiÙer intuÈ"'hu, also been
reported for other populations. (39. 4 positive association of alcohol with protein from
meat has also been shown (30). The finding that energy from alcohol did n'ot substitute
but is merely added to energy from other Jources is cõnsistent with many other studies
ç!7). Nl characteristics described, including history of gallbladde, ,urgãry (31), were
determinants of either colon or rectal ðancer ôr uõttr. Because õr irràir'rtroo!
associations with alcohol intake, we included them in all multivariate anaþes. ThË
results of the multivariate analysis showed, however, that the estimates of the relative
rates for alcohol consumption_ were only slightþ confounded. It is therefore unlikelythat residual confounding due to potential inaccurate measurement of thesã
confounders explains the association found between alcohol intake and rectal cancer.
We 

- 
cannot entirely exclude, of course, the possibility that another, unevaluated

confounder is involved in this relation.
The consistent U-shaped dose-effect relation for alcohol intake and colon cancer

may be considered to result from the choice of abstainers as reference category. The
group of abstainers may comprise subjects with "deviant" characteristics- and an
increased risk for (colon) cancer. Nevertheless, we had a number of reasons to choose
abstainers as sole reference instead of, for example, abstainers and very light drinkers
combined. First, from the dose-response curves piesented, the effect otine-cnoice of a
different teference group can be interpolated. This is not true if a combined reference
group is used. Second, it, is unlikely that the much larger, culturally determined,
proportion of female abstainers comprised a similar proportìon of "deviaít" subjects as



male abstainers. We nevertheless observed the same U-shaped relationship for women.
Third, combining abstainers with the group having an intake of less than 5 gram
ethanol per day would still show a U-shaped curve, since the lowest risk is associated
with a consumption between 5 and 15 g of ethanol daily, corresponding to
approxirnately one glass. U-shaped curves have also been reported in other studies. A
case-control study in France (6) found the lowest RR of colon cancer for an alcohol
intake of 10-L5.5 ml per day in women; in men, for whom not any association was
observed, alcohol intake was much higher. Stemmermann et al. (5) observed in a
prospective study among Japanese in Hawaü the lowest risk at a slightly lower level of
alcohol consumption. The monotonic significantþ decreasing relative rate for colon
cancer for increasing liquor consumption has not been reported in other studies.

Unlike the results of the meta-analysis (L), which averaged the results over all
studies included, our study showed a clearly increased risk for rectal cancer, whereas
the risk of colon cancer tended to be reduced at moderate alcohol consumption levels.
This result is in line with other studies reporting a higher risk for rectal than for colon
cancer. Some of these studies were included in the meta-analysis (3,4,32), while others
have been published later (6,7). Beer consumption is also implicated in an increased
risk for rectal cancer in a substantial number of studies (2,3,5,6,8,9). Cohort studies
among brewery workers have provided evidence of an increased risk of rectal cancer
among beer drinkers in Ireland (33) and Sweden (34), but not in Denmark (10).
Correlation studies have also supported the relation between beer consumption and
rectal cancer (25,36). The study by Potter et al. (36) furthermore presented evidence
that the sex ratio of rectal cancer mortality is higher than unity in beer drinking
countries in contrast to countries where beer consumption is low. We have calculated
from our data (Table 7) the number of cases attributable to beer drinking (37). The
high proportion of male (577o) compared to female (97a) beer drinkers appeared to
explain part of the difference in incidence of rectal cancer between men and women. In
men, 25 of the 73 cases were attributable to beer consumption, and in women only 3
out of 33.

The mechanism for the effect of alcohol on the development of colorectal cancer is
not clear. Contrary to the upper digestive tract, which has direct contact with the
ingested alcohol, the influence on the lower digestive tract must be indirect. One of the
most plausible explanations is the effect of alcohol on liver enrymes, demonstrated in
rats, which results in decreased "first-pass clearance" of carcinogens, in particular
nitrosamines (38). Other explanations include the effect of ethanol on cell proliferation
of rectal mucosa, possibly caused by the ethanol metabolite acetaldehyde (38). It may
be that the consumption of alcohol increases risk due to a combined action of ethanol
and contaminants in alcoholic beverages. This may also explain the differences between
results of epidemiological studies.

It has been shown that beer in the Netherlands used to be contaminated with a
relatively large amount (mean 1.2 VelkÐ of N-nitrosodimethylamine (NDMA) (39).
Beer accounted for 90 7o of NDMA intake of beer drinkers, whose intake of NDMA
was ten times higher than that of non-beer drinkers. The contamination of beer with
NDMA, which was caused by direct heating of the malt through gas-firing, was
discovered in 1978. Subsequent changes in de production process of malt since 1979
decreased the contamination with NDMA to low levels (40). From other countries (e.g.
Germany, New Zealand, USA) high NDMA levels in beer have also been reported (4L,
42). lf contamination of beer with nitrosamines has caused the increased risk for rectal
cancer, we would expect a decrease in relative risk associated with beer drinking over
time. It is likely that we have observed in our study, conducted eight to ten years after
the change in beer production, a relative risk that is still influenced by beer
consumption before 1979. Unfortunately, no data are available from earlier studies in



the Netherlands. A direct proof of the role of nitrosamine contamination of beer in the
development of rectal cancer in man may come from future studies in this country; we
would expect the relative risk associated with the consumption of beer adjusteä for
alcohol to reduce.

If beer consumption is causal to the development of rectal cancer, we would expect
an increasing risk with increasing dose. Such a dose-response relation, however, was not
evident from our data. It is plausible to presume thaì the quantitative assessment is

fikgly to refer more to the recent than to the distant past (ì.e. more than ten years
b-efore 

-baseline). 
If it is true that beer consumption did ìot eìtail a higher risk díring

the eight years immediateþ preceding baseline assessmen! then the assessment may not
have been sufficiently related to the quantitative intake of beer before th"t påiod,
resulting in the absence of a dose-response relation.

In conclusion, alcohol_consumption did not increase risk for colon cancer; Iight to
moderate intake, i.e' less than two drinks per day, even implied a significantly áecieas"d
risk, which held for all types of alcoholic beverages. Risk of re-ctal cancer, on the
contrary, is clearly increased for moderate to heavy alcohol consumption (more than 30
gram per day). The enhancing effect appeared to be mainly 

-attributable 
to the

consumption of beer. Light to moderate consumption of alcohoiic beverages does not
appear to be harmful with respect to overall risk of colorectal cancer, but rather tends
to reduce risk. If the increased risk of rectal cancer by beer was caused by its high
content of nitrosamines in the past, then this problem has been solved ahåady. tñe
data do not permit a conclusion about the risk of very heavy drinkers, sinóe this
category was insufficientþ represented in the cohort.
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Chapter 13

A prospective cohort study on the reration between meat
consumption and the risk of colon cancer*

R. Alexandra Goldboh'l,z, pietA. vaq den Brandt2, pieter van,t Veerl,
Henny A.M. Brantsl, Elisabeth Dorantz, Ferd sturmanr2, n"Jolpn jj. ir"..ur1.

1) TNO Toicolog and Nutrition Instiîute, Zeist, the Netherlands; 2) Univercity of Limburg, Department of
Epidemiobg, Møasticht, the Netherlands

Abstract

The association between the consumption of meat and cancer of the colon was
investigated in a prospective cohort study on diet and cancer, which is being conductedin the Netherlands since 1986 among lzL,Bsz men and women, aged 55-69. The
analysis was based on 215 incident cases of colon cancer (105 men 

"nA 
ftO women)

accumulated in 3.3 years of follow-up, excluding cases diagnosed in the lirst year of
follow-up. No trends in relative rates were detected for intake of energr and ónergr-
adjusted intake of fats, protein, fat from meat and protein from meat. Cinsumptionif
(fresh) meat beef, porþ minced meat, chicken and lìsh was not associated with r¡sX of
colon cancer either. Meat products, however, were showrr to increase risk in men and
women (RR 1.17 per 15 glday, 9S7o conlidence interval 1.03-133).

* Submitted for publication



Introduction

A number of articles have reviewed the epidemiologic evidence for an association
between dietary habits and the risk of colon cancer (1-4). Although consensus as to a
protective effect of dietary fiber seems to develop, debate remains about the relation
between meat consumption and/or.fat intake and colon cancer. In case-control studies,
positive associations with meat consumption or with fat intake have been found
frequentþ, but the majority of the studies conducted yielded non-significant results
(5,6). Few results are available from prospective studies, which may carry more weight
than case-control studies in assessing the relation between diet and cancer since they
are presumed not to be biased by recall of past dietary habits after the cancer has been
diagnosed. All but two prospective studies were conducted in the USA. Bjelke (7)
found an increased relative risk for processed meat only (Norway, 65 cases). Hirayama
(8) observed an increased risk of colon cancer with frequency of meat consumption in
the group with infrequent vegetable consumption among a cohort of 265,000 men and
women in Japan. Phillips and Snowdon (9) did not find a clear gradient in risk for
frequency of meat and poultry consumption in a population of Seventh Day Adventists
(139 cases), which included a large proportion of vegetarians. A prospective study
among Hawaüan Japanese men (102 cases, 10) found a negative association with fiber
intake, but no association with meat and fat consumption. A more recent analysis of
those data, including more cases (182), showed a negative tendency for the association
with fat intake (11). A publication on the Nurses' Health Study, a prospective study
among female nurses, showed an increased risk of colon cancer (150 cases) for the
consumption of meat, in particular beef, pork and lamb, and also for the intake of fat,
in particular saturated and monounsaturated lat (12). Quite surprisingly, the association
between animal protein and the risk of colon cancer was found to be slightþ inverse in
this study. A comparable prospective study among middle-aged women, using a similar,
although extended, dietary questionnaire, did not find an association of colon cancer
(158 cases) with fat nor with fiber intake (13). In the large Cancer Prevention Study II
(1150 fatal cases) no association with meat consumption or fat intake was observed
(14).

We have studied the relation between meat consumption and the risk of colon
cancer in a prospective cohort study on diet and cancer that was initiated in the
Netherlands in L986. Apart from meat consumption, we also included fat and protein in
the analysis to obtain better insight into the origin of a possibly increased risk.
Consumption of fish was included since it may substitute meat consumption.

Subjects and methods

The cohort
The prospective cohort study on diet and cancer has been initiated in the

Netherlands in September 1986. The cohort included 58,279 men and 62,573 women
aged 55-69 at the start of the study. The study population originated from 204
municipal population registries throughout the country. At baseline, the cohort
members completed a mailed, self-administered questionnaire on dietary habits and
other risk factors for cancer. For dat¿ processing and analysis the case-cohort approach
was used: the cases were enumerated for the entire cohort, while the person years at
risk accumulating in the cohort were estimated from a random sample (subcohort). This
subcohort of 3500 subjects (1688 men, L8L2 women) was sampled from the cohort after
baseline measurement and was followed up for vital status over 3.3 years. The study
design has been described in detail elsewhere (15).



Follow-up for cancer
Follow-up for incident cancer was established by computerized record linkage with

all nine regional cancer registries in the Netherlands and with PALGA, thJ¡utch
national data base of pathology reports. The method of record linkage has been
published previously (16). The present analysis is restricted to cancer incidence in the
period from September 1986 (baseline measurement) to December 1989, i.e. a follow-
|P period of 3.3 years. In this period, completeness of follow-up of the cohort through
linkage with the cancer registries and PALGA was estimated to be gsqo e\. Arlet
excluding subjects who reported a history of cancer other than skin cancer'in the
baseline questionnaire, a total of 312 incident cases with microscopicalþ confinned
primary adenocarcinoma 

_ 
of the colon (i.e. cecum through sigmòia ðolon) were

identified (157 men and 155 women).

Questionnaire
The self-administered questionnaire has been described in more detail elsewhere

(17). For the present analysis, characteristics of interest are summarized below. The
dietary section of the questionnaire, a 150-item semi-quantitative food frequency
questionnaire, concentrated on habitual intake of food and beverages during thè year
preceding the start of the study. The questionnaire contained 14 iterns on the
consumption of meat with the hot meal (mainly fresh meat, including chicken), 5 items
on the consumption of meat products, which are used as sandwich filling, anã 3 it"ms
o1 fi¡h consumption. Ss for the serving sizes, a question was included on the quantity
of (fresh) meat usualþ purchased (per person, per meal). For meat prodnðts, thä
number of sandwiches filled with a product was asked. For chicken and fish standard
serving sizes were used.
Daily mean nutrient intakes were calculated using the computerized Dutch food
composition table (18). Energy adjustment of nutrient intakes was done by regression
anaþsis according to Willett and Stampfer (19). The questionnaire was vaüdâted-against
a 9-day diet record (Goldbohm et al., submitted for publication). The peãrson
correlation coefficients between the mean daily intakes of energy, protein, fa! and fiber
as assessed by the questionnaire and those estimated from the 9-ãay record were 0.70,
0.61, 0.72 and 0.74 respectively the corresponding energy- and sex-ádjusted correlation
coefficients were 0.59, 0.52 and 0.74. The Spearman correlation coefficients for meat,
meat products and fish were 0.46, 0.54 and 0.53 respectively.

Data analysis
Questionnaire data of all 312 cases and the subcohort were key-entered twice and

processed in a manner blinded with respect to case/cohort status in order to minimize
observer, bias in coding and interpretation of the data. After excluding prevalent cancer
cases other than skin cancer from the subcohort, 3346 subjects (1630 men and 1716
women) remained in this group. Furthermore, subjects with incomplete or inconsistent
dietary data, according to criteria described by van den Brandt et al. (17), were
excluded (7.0Eo). Eventually, 150 male and 143 female colon cancer cases'aid 1.525
male and 1598 female subcohort members were included in the analysis.

Fats and types of fat, protein as well as animal fat and animai protein (the latter
two excluding fat and protein from dairy sources and margarine) were òeparately
evaluated. Furthermore, daily mean consumption of the following-food groúps was
included in the analysis: beef, pork, minced meat (mixed beef and pôrk), meat pioducts
(i'e. raw and cooked cured meat products and sausages), chicken ani fish. Some of
these food groups resulted from colþsing several items from the questionnaire.
Variables were initially included as quintile categorical variables, except fish and meat



products, which were classified into a non-user and three user categories (0-10, 10-20,
>20 glday). Specific types of meat and meat products were only included as continuous
variables in models that compared overall consumption with that decomposed in types.
Age, dietary fiber intake and Quetelet index (kgl^") were considered as potential
confounders.

Data were analysed using the case-cohort approach (20), assuming e4ponentially
distributed survival times in the 

-follow-up 
period. Since standard software was not

available for this type of analysis, specific programs were developed to account for the
additional variance introduced by sampling from the cohort instead of using the entire
cohort (17). Since subclinical symptoms of large-bowel cancer may influence dietary
habits before diagnosis, we excluded cases in the first year of follow-up after assessing
the mean intake of cases diagnosed in different follow-up years.

Results

Table 1 presents mean daily intake of the variables most relevant to this analysis for
subcohort and cases categorized according to year of diagnosis. Among men, eneÍgy
intake was lower in cases diagnosed in the first year of follow-up, but energy-adjusted
fat intake remained fairly constant. Among womeq no appreciable difference in
absolute intake was detected, but energy-adjusted intake of fat and protein appeared to
be lower in the cases diagnosed in the first year of follow-up. None of these differences,
however, reached statistical significance. Subsequent analyses excluded cases diagnosed
in the first year.

Table 1. E_lergy,, fat and protein intake in the subcohorf and colon cancer cases according to year of
diagnosis.

Men

Yea¡ of diagnosis n Mean SD

Women

Nutrient Mean SD

Energy (kcal)*
Subcohort
Cases

Fat (gX
Subcohort
Cases

Protein (g)t
Subcohort
Cases

Meat fat (g)T*
Subcohort
Cases

Meat protein (g)tt
Subcohort
Cases

1519 2159
45 1930
46 2194
59 2072

1519 93;7
45 93.0
46 93.3
59 94.9

1519 75.4
45 72.t
46 75.7
59 ',t4.O

1519 28.0
4s 289
46 27.5
59 27.7

65.7 10.6
il.3 9.0
66.2 10.ó
65.5 72.0

15.8 7.2
1,4.0 6.s
15.0 8.1
rs.4 8.1

24.0
2r.7
24.0
23.5

1519 1,9.9
45 20.1,
46 20.1
59 20.4

l
2

¿3

1,

2
>3

1

2
>3

1

2
>3

1
n

>3

509
419
43s
436

14.4
15.2
12.5
13.0

1t.4
10.2
8.6
9.6

409
516
390
378

1688
t723
ßn
1,673

74.2
71,.6
72.8
75.5

1,5v2
33
38
72

ßn
33
38
72

15v2
33
38
72

1,5n
33
38
72

L5v2
33
38
72

10.5
8.6

10.7
rr.3

8.4
6.6
8.6
8.6

9,6
9.5
8.2

10.3

9.0
8.5
8.6
9.1

f Age-adjusted; t fue- and energy-adjusted; f Meat fat and protein: animal fat and protein excluding
dairy sources and margarine.



Table 2. Sex-adjusted Pearson correlation coefficients between meat types and intake of energ¡r and
enerry-adjusted fats, protein and dietary fiber in the subcohort.

Fresh meat

Nutrient Total Beef Minced+ Chicken Fish Meat products

Energy 0.21
Fat 0.21

Saturated 0.15
Monounsaturâted 0.33
Polyunsaturated -0.03

Protein 0.46
Meât fat 0.67
Meat protein 0.84
Dietary fiber -0.18

0.09 0.13
0.03 0.19
0.08 0.11
0.05 0.28

-0.08 0.01
0.u 0.24
0.15 0.59
0.39 0.53

-0.0s -0.77

0.10 0.32

-0.06 0.03

-0.10 0.01

-0.06 0.08
0.05 0.02
0.22 0.22

-0.07 0.40
0.31 0.38
0.01 -0.05

0.05

0.15
0.14
0.21,

-0.03
0.18
0.44
0.27

-0.06

0.03
0.00

-0.06
0.03
0.0ó
0.20

-0.08
0.28
0.01

* C-omposed of beef and pork

Table 2 gives the Pearson correlation coefficients for meats with energy intake and
energy-adjusted intakes of fats, protein and dietary fiber. Meat consumption was not
strongly correlated with energy intake. The relatively high correlation of meat products
with energy could be explained by the association of bread consumption with energy.
Consumption of pork appeared to contribute most to the intake of fat, in particuiár
monounsaturated fat. The consumption of meat and meat products was positively
associated (r: 0.14), whereas meat and fish consumption were not related. Coniumption
of chicken correlated negatively with other types of meat (r: -0.05 to -0.13).

Table 3 displays the relative rates (RR) of colon cancer for energy intake and
energy-adjusted intakes of fats and protein. None of the variables showed any evidence
of a (positive or negative) trend across quintiles of intake. For fat and protéin derived
from meat no trend was detected either (Table 4). In Table 4, the pooled estimates for
men and women, which were also adjusted for dietary fiber intake, did not show any
association with risk either.

Table 5 shows the relative rates for the consumption of meat (including chicken),
meat products and fish. These data were adjusted for energy intake by including eoergy
in the multivariate model. The results for meat were consistent with those from Tablä
4, i.e. no evidence of a trend. similar ¡esults were seen for frequency of meat
consumption. The RRs were 0.65, 0.56, 0.78, and 0.81 for consumption frequencies of
314, 5, 6 and 7 days per week respectivel¡ relative to the reference gronp using meat on
0-2 days per week. Consumption of meat products, however, showed a (non-significant)
positive trend in men (p:0.06) and women (p:0.10).

For fish consumption a weakly negative, but not significant association with colon
cancer occurrence was observed. Pooled results for men and women in the table were
also adjusted for dietary fiber intake, which had a small effect on the estimates. As was
to be expected, only meat products showed a significant (p=0.017) positive trend. When
fitted as a continuous variable, this resulted in a RR of l.I7 (95% Cl1.03-1.33) for an
increment of 15 g (equivalent to one sandwich filling) of mean daily consumption of
meat products. Introduction of fat from meat into the models for meat and meat
products did not have any effect on the estimates for meat, but strengthened the
association between meat products and colon cancer (p:0.007). Addition of the



Quetelet index, which was positively associated with meat consumption, to the models
did not change the estimates.

Table 3. Age-adjusted relative rates (RR) for quintiles of energy and energSr-adjusted nutÌietrt intakes.

Nuûient
quintile

Men Women Both sexes

Median* nT RR 957o Cl Median* nT RR 95Vo CI RRt 95% Ct

Energy (kcal)
1 1510
2 1836
3 2096
4 23&
5 279t

p-value for trend

Fat (g)
1, 76
287

1.00
0.92 0.50-1.70
7.02 0.56-1.86
1.09 0.ó0-1.98
0.72 0.36-1,.4s

0.624

1.00
1.14 0.61-2.13
0.87 0.45-1.67
1.11 0.ffi-2.07
1.10 0.59-2.07

0.793

1.00
0.79 0.4't-L.52
r.23 0.68-2.23
0.90 0.47-1.69
0.90 0.47-t.70

0.882

1.00
0.91 0.47-'t.75
1.03 0.55-1.93
0.94 0.50-1..77
1.26 0.69-2.31

0.4s3

1.00
7.20 0.6t-2.37
1.63 0.86-3.11
1,.r7 0.s9-2.32
1,.49 0.77-2.86

0.297

1.00't.36 0.72-2.s6
1.37 0.74-2.55
1.53 0.82-2.87
0.67 0.32-L.43

0.553

1.00
0.85 0.47-1.55
r.22 0.70-2.12
0.62 0.32-r.20
0.7s 0.40-1.41

0.233

1.00
0.79 0.42-1.47
0.72 0.38-1.36
0.91 0.50-1.67
1.13 0.64-2.00

0.515

1.00
1.10 0.s9-2.02
0.85 0.4s-1.63
0.79 0.41-1.-53
1.36 0.77-2.42

0.511

1.00
1,.19 0.6s-2.19
1.15 0.62-2.1,4
1.10 0.s9-2.0s
0.88 0.4s-1.69

0.628

1.00
0.99 0.53-1.86
1,.20 0.65-2.20
0.99 0.52-t.9r
1,.29 0.7r-2.35

0.415

1.00
0.88 0.47-1..63
0.80 0.42-t.50
1.09 0.6r-t.96
1.05 0.58-1.89

0.634

1.00
0.88 0,67-1.1,4
I.tz 0.87-1..46
0.84 0.54-1.31
0.74 0.39-1.39

0.236

1.00
0.90 0.57-7.4r
0.74 0.46-1.18
0.94 0.û-1.46
t.07 0.70-7.il

0.684

1.00
0.88 0.56-1.40
0.97 0.62-t.s2
0.77 0.48-1..23
t.07 0.69-1.66

0.91,4

1.00
0.98 0.62-1..53
1.01 0.64-1.59
0.91 0.58-1.44
1.00 0.63-1.57

0.882

1.00
1.04 0.65-1.67
1.35 0.fß-2.t3
1.04 0.&-1.69
1.38 0.88-2.16

0.186

1.00
1.10 0.70-1.71
1.05 0.67-1..65
1.28 0.82-2.00
0.90 0.s7-7.42

0.953

6L 24
69 t9
74 t7
79 22
87 28

23
2't
23
24
L4

20
22
18
23
22

t1,63
143s
1626
1848
22m

25
2t
31
15
18

-t

4
5

94
100
7tl

p-value for trend

Saturated fat (g)
t 28 2't
23217
33627
44020
54720

p-value for trend

Monounsaturated fat (g)
1n21,
23218
3 35 21.

43820
5432s

p-value fo¡ t¡end

Polyunsaturated fat (g)
11116
21520
31826
42319
53i24

p-value for trend

Protein (g)

23 2t
27 23
29 18
32 17
37 3L

22 20
25 2s
27 24
30 23
33 18

821
12 20
L4 24
18 19
24 26

53 23
60 20
65 18
70 25
79 24

T9

u
25
25
t2

1, 6l
269
375
48r
590

p-value for trend

I

.t

Median of energy or nutrient intake in the quintile.
Number of colon cancer cases in the quintile.
RR also adjusted for sex and dietary fiber intake.



Table 4. Age-adjusted relative rates (RR) for quintiles of energSr-adjusted intake of fat and protein
derived from meat.

Nutrient Men Women Both sexes

Median n RR 95Vo CI Median n RR 957o CI RR* 95Vo Cl

quintile

Meat fat (g)
110
216
319
423
531

p-value for trend

Meat protein (g)
tt7
2233n
432
541

p-value for trend

24
18
20
t7
26

724
12 29
1s 13
19 22
25 22

13 20
20 24
24 22
28 19
35 25

21.
26
18
20
20

1.00
0.75 0.40-t.42
0.86 0.46-1..59
0.73 0.38-1.38
I.I3 0.63-2.02

0.724

1.00
1.18 0.6s-2.1,5
0.87 0.45-1..67
0.94 0.50-1..77
1.00 052-1*n

0.714

1.00
r.22 0.70-2.1.5
0.56 0.28-1.L2
0.90 0.49-t.64
0.94 052-t.72

0.474

1.00
1.21 0.6s-2.24
1.05 0.56-t.97
0.94 0.49-1.79
I.24 0.68-2.29

0.769

1.00
0.95 0.62-1..45
0.66 0.42-1.0s
0.76 0.49-1..t9
0.98 0.&-t.49

0.668

1.00
1.16 0.7s-1.78
0.91 0.58-1.44
0.90 0.s7-t.42
1,.07 0.69-t.67

0.792

* RR also adjusted for sex and dietary fiber intake.

Table 5. Relative rates (RR) for meat, meat p¡oducts and fish consumption.

Food
gfoup

Men Women Both sexes

Median n RR* 95% Cl Median n RR* 957o Cl RRT 95Eo Cl

Meat (g)*
r54
2U
3 101
4 r23
5 158

p-value for trend

Meat products (g)
0
0-10

10-20
>20

p-value for trend

Fish (g)
0
0-10

r0-20
>20

p-value for trend

1.00
1.09 0.58-2.04
t.62 0.89-2.93
0.98 0.51-1.91
0.87 0.43-1.77

0.704

1.00
1,.2s 0.59-2.70
I.4s 0.67-3.t2
1.84 0.85-3.95

0.061

1.00
0.84 0.50-L.42
0.41, 0.21-0.83
0.73 0.44-t.21.

0.093

1.00
0.83 0.44-r.s6
1.03 0.58-1.84
1.05 0.57-L.93
0.88 0.4s-1.69

0.969

1.00
L.22 0.66-2.26
1.48 0.77-2.87
1.66 0.82-3.35

0.097

1.00
l.l4 0.67-1.94
1,.I4 0.66-1.97
0.87 0.s2-L.45

0.63s

1.00
0.92 0.59-1.44
I.24 0.81-1.90
0.98 0.62-1..55
0.84 0.51,1.37

0.618

1.00
1,.23 0.76-1.98
r.43 0.87-2.3s
1.72 7.03-2.87

0.0t7

1.00
1.00 0.68-1..47
0.74 0.48-1.15
0.81 0.56-1..17

0.139

20
22
30
18
15

9
30
29
37

34
28
1,L

32

43 24
72 19
91 26
107 22
t4s 19

1,4

44
30
22

36
25
22
2',7

I

+

Age (year) and energ¡r included in model as continuous variables.
RR also adjusted for sex and dietary fiber intake.
Including all types of meat (except meat products) and chicken.



The results of a further subdivision of meat and meat products are shown in Table
6, which displays the RRs for an increment in consumption of 15 glday. For (fresh)
meat, none of the results for types of meat deviated from those for total meaì. poi
meat products, however, "other meat products", which mainly represented sausages,
appeared to contribute most to the elevated RR.

Table 6. Mean, standard deviation and age- and energ¡r-adjusted relative rate for types of meat and
meat products, fitted as continuous variables.

Type (g/day) Model* RRfSD 95Vo Cl

All (fresh) meat
Beef
Pork
Minced meat*
Liver
Chicken
Other meat

All meat products
Ham
Bacon$
Lean meat products ll

C,ooked liver
Other meat productsf

a

b
b
b
b
b
b

c
d
d
d
d
d

42
22
30
17

4
t6
6

16

7
4

5

2
8

99

25

38
18

2
L4

-t

14

4

1

3

1,

5

0.98
0.96
0.99
0.91
0.m
1.03

0.99

1,.r7

1,.04

t.25
t.t4
0.15
1,.n

0.93-1.03
0.87-1.06
0.92-r.06
0.80-1.04
0.54-7.48
0.90-7.17
0.66-1,.47

1.03-1.33
0.78-'t.39
0.84-1.88
0.82-1,.67

0.02-1.12
1.04-1.55

* Models were fitted for: (a) toral (fresh) meat; (b) (fresh) mear decomposed in types; (c) total meat
gldqcls; (d) meat products decomposed in types; all models were adjusted for sex, age and energ¡r.
LR-1' for the (combined) meat terms: 0.99,3.33, 5.77, L1,.r3 for models a to d respectively.

T RR per increment of líglday, equivalent to one standard sandwich filling.
t Composed of beef and pork.
$ Raw cured belly and dried backs.
ll Raw cured smoked beef, lean cooked ham, lean cooked pork.
f Mainly sausages.

Discussion

We have presented evidence from a prospective study that the consumption of
meat fat from meat or protein from meat is not associated with an increased risk for
colon cancer. The consumption of meat products, in contrast, appears to be consistently
and positively related to risk for colon cancer.

After excluding the cases diagnosed in the first year of follow-up, this study
included 2L5 colon cancer cases, indicating that it had reasonable but not very largó
power. We have thus to take into consideration that existing associations may not have
been detected only because of insufficient power. Furthermore, the validþ of the FFe
with respect to fat intake and consumption of meat and meat products was not very
high. For (energy-adjusted) fat intake and meat consumption, this was mainly caused by
the relatively small variation in intake in the population. For consumption of meat
products, which varied much more in the population studied, the relatively low validity
may be attributable to underreporting which may have varied among subjects
(Goldbohm et al.,submitted). Taking into account these limitations, there appears
nevertheless to be a considerable difference in risk for colon cancer in this popuiation
between meat (and fat) consumption on the one hand and meat products on the other,



the latter showing a consistently increasing risk with increasing consumption in men as
well as ì¡r'omen. The consumption of (fresh) meat and specific types of meat (beef, pork,
minced meat and chicken), in contrast, does not display any trends in risk, whereai the
highest quintile is lower than unity most of the time.

We also have to consider the possibility that the results can be explained by
confounding by dietary or other determinants of colon cancer. However, we have
adjusted for intake of dietary fiber and Quetelet index, which resulted in virtually
unchanged relative rate estimates. Other nutrients \ryere no or only weak determinants
of colon cancer. Smoking and alcohol consumption have also shown to be hardly
related to colon cancer in this-d-at1se1 (Goldbohn et al., submitted for publication).

Comparing our results with findings of others, we may conclude that those for
(fresh) meat are in agreement with the substantial number of epidemiologic studies
showing no association (7,9,10,14,21-27). The consumption of meat products or
processed meat has been investigated in a smaller number of studies
(7,9,12,'l'4,21,22,25-34). Most of these studies, however, did not find an increased risk
for (types oÐ- pt999_.1"d meat, wìth exception of Bjelke (18), young et al. (27) (nor
lunchneat o_nly),-Willett et al.(12) and Thun et al.(14). This does noinecessariy màuo
that our finding for meat products is a chance finding. Meat products differ from fresh
me_at i1 lhat they have been processed, i.e. cured after the addition of preservatives
Galt,- nitrite, smoke)- and other additives (phosphate, glutamate, ascorbic ãcid). In the
Dutch population, (fresh) meat, usually beef, pork, minced meat or chicken, oí fish are
part of the hot meal, which is taken once per day and further includes vegetables and
(-usually) potatoes. Meat products, on the other hand, may or may not consiitute part of
the sandwich meals, which are taken by most people twice daily. It may be that ln this
population the circumst¿nces in which meat products are eaten - as sàndwich without
vegetables and often without fruits in the same meal - are important determinants for
the risk. Unfortunately, we do not yet have a sufficient number of cases to e4plore
these possibilities.

The conflicting results between studies regarding meat consumption and colon
cancer risk may be attributable to a number of sources. First, the validìty of the dietary
questio,nnaire may have been insufficient in some studies. This is in párticular criticá
when the variability in the study population with respect to meat coniumption and fat
intake is small. Second, the age of study population differed between studies. Available
evidence suggests that associations may be stronger at younger ages (7). This may be
one of the explanations for the positive result in the Nurses' Health Study, whióh is
based on a relatively young cohort (12). Third, risk of colon cancer may depLnd on the
method of preparation of the meat (products), which is likely to differ between
populations. Gerhardsson de Verdier et al.(32) observed an increâsed risk for subjects
wllo preferred meat with a heavily browned surface. There appears, however, to bä no
clear relationship between risk and the temperature at which meat is prepared
Q7,32,35). we did not inform about methods of meat preparation in our study, but in
this country it is usually panfried or stewed. I-ast but not least, one of the most
plausible e4planations is the population level of and variability in the consumption of
other foods, such as (specific) vegetables, which may modify the effects åf meat
consumption (8,36,37). Large studies are required, however, to study effect modification
in a relatively homogeneous population.

We conclude from Jhe data presented here that our prospective study does not
support the hypothesis that a higher consumption of (freshj meãt increases the risk of
colon cancer within the range of meat consumption and Îat intake prevailing in the
population studied. consumption of meat products, on the other hanã, appeais to be
associated with an increased risk for colon cancer in this population. Túese results



warrant further analysis, in particular in combination with other foods and nutrients,
when the number of cases has accrued.
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Abstract

The association between cholecystectomy and subsequent risk for colorectal carcinoma
was investigated in a prospective cohort study on diet and cancer, which is being
conducted in the Netherlands from 1986 onwards among rzlrgsz men and *orn"n]
aged 55-69. After a follow-up period of 3.3 years, 478 incident cases of colorectal 

"urr""r'(258 men and 220 women) were identified in the cohor! 64 of whom rcported at
baseline to have undergone previous gallbladder surgery (21 men and 43 womãn). After
adjustment for age and familial history of large bowel cancer, the relative rate (trR) for
colorectal cancer in cholecystectomized subjects compared to non-cholecystecìomized
subjects was 1.81. in men (p=0.02) and 1.47 in women (p=0.05). Additionai adjustment
for parity, Quetelet index, alcohol intake and other dietary variables resulted in an RR
of 1.78 in men and 1.51 in women. fn women, the highest RR was detected in the right
colon (RR=1.89), whereas in men, no specific segment of the large bowel account-ed
specifically for the increased relative rate. In both men and women, the rate appeared
to increase from approximately six years after cholecystectomy onward. Accoid^ing to
the TNM stage of the disease, patients who had undergone cholecystectomy were not
detected at an earlier stage than the other patients. It is concluded that in this study
the positive association between colorectal cancer and cholecystectomy cannot be
explained by detection bias or ascertainment bias and is not confounded by risk factors
for gallstone disease or dietary factors.

* Accepted in shortened form in the International Journal of Cancer



Introduction

Over the last decade, many studies have been published on the association between
cholecystectomy and colorectal cancer. Many of these, often small, studies have
reported a positive association. The possibly increased risk for colorectal cancer after
removal of the gallbladder is often explained by the higher turnover of bile acids;
bacterial degradation then increases the proportion of secondary bile acids (mainly
deoxycholic acid) in the bile and thus in the large intestine (1). It has also been shown
that the mitotic index of the colonic mucosa, as indicator of cell proliferation, increases
after cholecystectomy (2).

Among the studies with a reasonable number of cases (e.g., more than 30 cancer
cases with cholecystectomy), the case-control studies by Vernick and Kuller (3),
Moorehead et al. (4), Lee S.S. et al. (5) and Berkel et al. (6) and the follow-up studies
by Linos et al. (7) in the USA and Nielsen et al. (8) in Iceland reported a positive
association. The last study found the increased risk in men only, as in the autopsy study
by Breuer et al. (9) on gallstones and colorectal cancer. Many of the former studies
found the highest risk for right-sided colon cancer (3,4,6,7), sometimes restricted to
women only. Some groups compared right-sided with left-sided colon cancer cases
(3,10-13). All but Abrams et al. (12) found an increased relative risk (RR) for right-
sided colon cancer, varying fiom 1.5 to 2.4. Ilowever, a number of large studies
reported no association at all (14-16); even a negative association has been reported
from a large follow-up study in Sweden (17). Trying to e4plain the findings, some
(15,18) have suggested that the positive association may be due to an artifact such as

"medical attention" or "detection" bias: people seeking medical care for gallstone
disease, who are more likely to undergo a cholecystectomy, may also tend to visit a
doctor earlier for syn,ptoms of colorectal cancer. Consequently, cancer in patients who
underwent cholecystectomy would then be diagnosed at an earlier stage compared to
those in other patients and might therefore artifactually increase relative risk.

Another explanation may be "ascertainment" bias, which is introduced when
ascertainment of previous cholecystectomy is more thorough for cases than for controls.
For example, this may happen when hospital records are used to detennine whether
study subjects have undergone gallbladder surgery: it is conceivable that colorectal
cancer patients, during their extensive diagnostic work-up and surgery, are more likely
to have cholecystectomy recorded, if they ever had it, than control subjects with other
diseases such as breast or lung cancer. However, this e¡planation may not be very
plausible for studies comparing right-sided with left-sided colon cancer. Further
explanations for the inconsistent findings include confounding or effect modification by
other risk factors for colorectal cancer, such as diet. Most of the published studies
controlled for age and sex only, presumably because other data were not available. The
very few studies that controlled for dietary factors (19,20) were very small.

We have conducted a prospective cohort study among more than L20,000 middle-
aged men and women with the primary purpose to evaluate the relation between diet
and cancer (21). Risk factors for gallstone disease and colorectal cancer as well as the
prevalence and age at which cholecystectomy took place were assessed. The availability
of this information, together with data on the TNM stage, present for a large part of
the colorectal cancers diagnosed, provided the opportunity to assess whether the
suggested biases may have had any effect on the association.



Subjects and methods

The cohort
The prospective cohort study on diet and cancer has been initiated in the

Netherlands in September 1986. The cohort included 58,279 men and 62,57i women
aged 55-69 at the start of the study. The study population originated fuom 204
municipal population registries throughout the country. At baseline, the cohort
members completed a mailed, self-administered questionnaire on dietary habits and
other risk factors for cancer. For data processing and analysis the case-cohort approach
was used: the cases were enumerated for the entire cohort, while the person years at
risk accumulated in the cohort were estimated from a random sample (subcohort). A
subcohort of 3500 subjects (1688 men, 18L2 women) was sampled from the cohort after
baseline measurement and was followed up for vital status over 3.3 years. The study
design has been described in detail elsewhere (21).

Follow-up for cancer
Follow-up for incident cancer was established by computerized record linkage with

all nine regional cancer registries in the Netherlands and with PALGA the Dutch
national data base of pathology reports. The method of record linkage has been
published previously (n). 'fhe present analysis is restricted to cancer incidence in the
period from September 1986 (baseline measurement) to December 1989, i.e. a follow-
up period of 3.3 years. In this period, completeness of follow-up (i.e. ratio between
number of observed and number of e4pected cases) of the cohort through linkage with
the cancer registries and PALGA together is estimated to be 957o (23). After excluding
subjects who reported a history of cancer other than skin cancer in the baseline
questionnaire, a total of 478 incident cases with microscopically confirmed primary
colorectal adenocarcinoma were identified (258 men and 220 women). Colorectal
cancer was classified according to site as follows. Right colon: cecum through transverse
colon (ICD-Oncology codes: 153.0, 153.1, 153.4, 153.5, 153.6); left colon: splenic flexure
through sigmoid colon (ICD-oncology codes: 153.2,153.3,153.7)i rectum: rectosigmoid
and rectum (ICD-Oncology codes: L54.0 and 154.1).

To investigate whether detection bias played a role in the association between
cholecystectomy and colorectal cancer, the anatomical extent of the primary tumor (T),
as assessed according to the criteria of the TNM classification, was used to compare
cancer patients who had undergone cholecystectomy with those who had not. The TNM
stage was available for 258 cases, all originating from the cancer registries (from four of
the nine registries for cases diagnosed in 1989 only). The PALGA registry, the source
for 197o of all colorectal cases, did not include data on stage of disease.

Questionnaire
A self-administered questionnaire was used at baseline to collect data on dietary

habits, and (possible) risk factors for colon, rectum and other cancers. The dietary part
of the questionnaire, concentrating on habitual food intake during the year preceding
the st¿rt of the stud¡ includes 150 food items and has been validated against a 9-day
diet record. Other factors relevant to the association between cholecystectomy and
colorectal cancer concern: lifetime history of smoking habits, anthropometry (height
and weight), reproductive history (for women onþ) and famitial history of cancer. To
study the association between colorectal cancer and the prevalence of (symptomatic)
gallstone disease as well as cholecystectomy, the following two questions were includeá
in the questionnaire: (a) "Has a doctor ever diagnosed gallstones, and at what age?" and



(b) "Did you ever had gallbladder surgery, and at what age?". The applicable age was
recorded in five-year age categories.

Data analysis
Questionnaire data were processed for all 478 incident colorectal cases in the

cohort and for all subcohort members. After excluding prevalent cancer cases other
than skin cancer from the subcohort, 3346 subjects (1630 men and 1716 women)
remained in this group. The questionnaire data were key-entered twice and processed in
a manner blinded with respect to case/cohort status in order to minimize observer bias
in coding and interpretation of the data. Mean daily nutrient intake was calculated from
the dietary questionnaire using the computerized Dutch food composition table (24).
Energy adjustment of nutrient intakes was done according to Willett and Stampfer (ZS¡.
Approximately 7 7o of the subjects were excluded for the analyses including dieøry
variables, because of incomplete or inconsistent dietary data. Quetelet inder (kgl^,),
was used as measure of obesity. Data were analysed using the case-cohort afpioain
(26), assuming e4ponentially distributed survival times in the follow-up period. Since
standard software was not available for this type of analysis, specific programs were
developed to account for the additional variance introduced by sampling from the
cohort instead of using the entire cohort (23).

Apart from the known risk factors for gallstone disease (age, Quetelet index, parity
and possibly alcohol intake), the following variables were evaluated for confounding:
large bowel cancer in first-degree relatives, smoking, level of education, int¿ke óf
energy and energy-adjusted intake of fat, protein from meat, dietary fiber, vitamin c
and calcium. To evaluate the effect of the time interval between cholecystectomy and
diagnosis of colorectal cancer on relative rates, we calculated the intervai between age
at cholecystectomy, which was taken at the mid-point of the reported five-year age
category, and age at start of the cohort study. Age at start of the study was chosen ãs
end-point of the interval (instead of age at diagnosis of cancer) since the follow-up
period was short and this end-point was the only strictly comparable end-point availablè
for both cases and subcohort. The calculated intervals were divided into four categories
each containing an approximately equal number of cholecystectomy subjects in tne
entire data set.

Results

Table 1 presents the self-reported prevalences of ever diagnosed gallstones and of
cholecystectomy categortzed by age and sex in the subcohort. Restricting the subcohort
to subjects with complete dietary questionnaires did not change these prevalence
figures. The prevalence of cholecystectomy in women (13.3%o) was approximãtely three
times higher than that in men (4.770). Although the prevalence of reported gaistones
was' as expected, higher than that of cholecystectomy, the agreement between the two
was very high: 78.57o of the subjects who reported gallstones (72.8 and 80.7 for men
and women, respectively), also reported cholecystectomy, while 87.Svo of the
cholecystectomized subjects reported to have had gallstones.

Table 2 shows data on the cross-sectional association between cholecystectomy and
established risk factors for gallstone disease. In women a non-significant positive
association is seen for the Quetelet index. Alcohol intake was negatively associatèd with
cholecystectomy in both men and women. Nulliparous women reported significantþ less
cholecystectomies than parous women (8.47o and 14.57o rcspectively; p<0.01), but the
prelalence of cholecystectomy did not increase further with parity. Adjustment for age
did not change these associations.



Table 1. Prev¿lence ofgallstones and cholecystectomy (vo) by age at baseline and sex in the complete
subcohort (n=3500).

Age category

55-59 ffi-64 65-69 Total

Men (n=1688)
Gallstones
Cholecystectomy

Women (n=1812)
Gallstones
Cholecystectomy

5.7
4.7

8.0
6.3

16.8

ts.2

6.4
5.4

15.7
15.0

3.5
2.8

12.4

10.3
1,4.7

t3.3

Table 2' Association between. prevalence of cholecystectomy and risk factors for gallstone disease in
3346 subcohort members free of cancer.

Men (n=1630)* Women (n=1716)+

NoÌ Yesf Vo yes NoT Yesf Vo yes

Quetelet index (kg/m'?)

=22
23-24
2s-26
>27

p-value for trend

Alcohol consumption (g/day)
no
<4
5-14

t5-29
>30

p-value for trend

Parity
0
I
2

>3
p-value for trend

385 s1
396 60
289 44
3s8 69

304
480
398
310

430 83 1.6.2
572 70 72.0
247 39 13.6
126 1.6 11.3
52 4 7.1

0.04

n0 76 6.5
309 1,6 4.9
427 t4 4.1.

340 18 5.0
2t1 10 4.s

0.39

274 25
1t7 27
320 55
749 t2s

T7

22
t7
17

5.3

4.3
4.t
5.2

0.92

11.7
13.2

13.2

16.2
0.06

8.4

15.2
14.7

14.3
0.03

* Numbers may not add up to 1630 and 1716 respectively, due to missing values fo¡ some of thevariables.
T No: no cholecystectomy reported; yes: cholecystectomy reported.

Table 3 shows the results of the prospective cohort analysis, i.e. the relative rates(RR) for colorectal cancer by cholecystectomy status, adjusted for risk factors for



gallstone disease from Table 2 as well as for other dietary confounders. Both men and

women with cholecystectomy had an increased rate for colorectal cancer (RR = 1.81,

p:0.023 and RR = 1.47, p:0.052, respectively). Adjustment for the confounding
variables affected estimated relative rates only slightþ. For women, adjustment for
confounding by parity, Quetelet index and alcohol intake increased the estimated
relative rate to 1,.55 (data not shown). The slight increase was virtually cancelled out by
further adjustment for dietary variables (RR = 1.51). Inclusion in the multivariate
models of smoking, level of education and intake of vitamin C and calcium did not
change the estimates. In women, the relative rate after cholecystectomy appeared to be
highest for the right colon (RR = 1.89); other sites showed less and non-significantly
increased relative rates. In men, no specific subsite accounted for the increased risk.

Table 3. Adjusted relative rate of colorectal cancer in cholecystectomized subjects compared 10 non-

cholecystectomized subjects, according to sex and subsite.

Number of
of cases RRT 957o Cl RR+ 957o Cl

Men
All cases

Right colon
Left colon
Rectum

Women
All cases

Right colon
Left colon
Rectum

23t (1,9)*

61(s)
ó8( 6)
88(7)

r77 (34)

62 (t4)
51(e)
48 (10)

1.0ó-3.08

0.70-4.32
0.89-4.45
0.80-4.05

0.99-2.19

0.93-3.08
0.63-2.8r
0.81,-3.24

1.81

1.74

1..96

1.80

1..78

1,.66

2.22
r.70

1.03-3.08

0.6t-4.52
0.90-5.46
0.73-3.94

t.02-2.23

1.04-3.42
0.{t-2.59
0.73-3.27

r.47

t.69
1.33
1.62

1.51

1.89
t.25
1.55

* In parenthesis: number of cases with cholecystectomy. Number of cases less than total number in the
str¡dy due to missing values for several va¡iables used for adjustment. In 30 cases (14 men and 16

women), virtually all originating from the PALGA registry, subsite is unknown'

T Reference category: no cholecystectomy, Adjusted for age (year) and large-bowel cancer in first-degree
relatives.

f Reference câtegory: no cholecystectomy. Adjusted for age (year), large-bowel cancer in first-degree

relatives, Quetelet index, parity (women only), intake of energ¡/, alcohol and energy-adjusted intakes of
fat (men only), meat protein (men only) and dietary fiber'

Table 4 shows the relative rates of colorect¿l cancer classified by interval between
cholerystectomy and start of the study. In both men and women, a significant trend
with increasing length of the interval was detected; the increased rates appeared to be

limited to the intervals greater than six years.
Table 5 presents data on the pathological stage of the primary tumor in the cancer

cases according to cholecystectomy status. Neither men nor women with
cholecystectomy showed a trend towards earlier stage of disease at diagnosis. In women
an inverse trend could be detected.



Table 4. Relative rate of colorectal cancer classified by time interval between cholecystectomy and the
start of the study.

Time interval Number of casest Men Women Both sexes

Men Women RRT RRf RR+ 95Vo Cl

No cholecystectomy
0- 6 years
7-13 years

1,4-23 years
> 24yearc

p-trend

2t2 143
45
68
79
211

1.00
r.12
1,.99

3.66
1,.t2

0.044

1.00

7.19
1.82

1.56
1,.66

0.030

1.00
r.19
1.83

1,.9L

r.66

0.001

0.ffi-2.36
L.02-3.29
1.08-3.36
0.9t-3.02

* For 1 female colorectal cancer case age at cholecystectomy was unknown,
T Adjusted for age (year), large bowel cancer in first-degree relatives, Quetelet index, parity (women

only)' intake of energ¡r, alcohol and energ¡r-adjusted intakes of fat (men only), meat protäin (mÈn onty)
and dietary fiber.

* The pooled estimâte for both s9xe! was adjusted for sex, age, large bowel cancer in first-degree
relatives, Quetelet index and alcohol intake.

Table 5. Number of incident cases of colorectal cancer classified by cholecystectomy status and sex, and
according ro rhe final pathology stage (TNM) of the disease.

TNM stage Men Women

No* Yes* No*

VaVo7o%

Yes*

Total number of cases
TNM available

'rI+T2
T3+T4
TXT

43
28 100.0

7 25.0
21 75.0
00

235 21, 177
t22 100.0 1,1 100.0 103

54 44.3 5 4s.5 41.

64 52.5 6 54.5 60
43.3002

100.0

39.8
58.3

L.9

x No: no cholecystectomy reported; yes: cholecystectomy reported.
T Stage of primary tumor not assessable.

Discussion

Our findings are supportive of a positive association between cholecystectomy and
colorectal cancer. Considering. the prospective nature of our study - all particþants
record€d gallbladder surgery irrespective of the later occurrence bf canc;r - , it is
unlikely that ascertainment bias explains these findings. It is also unlikely that detection
bias plays a major role, since we have shown that cholecystectomized cólorectal cancer
patients were diagnosed with equally advanced cancers as patients who did not have



previous cholecystectomy; in women even an inverse trend could be observed. Although
the data on TNM classification were not available for all cases, there is no reason to
expect different findings in a complete data set, since the availability of TNM depended
on source and year of registration and is thus likely to have influenced the results at
random.

A criticism on the study might be the method used to determine presence of
cholecystectomy by self-reporting without any check. The data themselves, however,
appear to refute this. First, the prevalence of cholecystectomy measured in the
subcohort agreed very well with that found in a recent survey in the south of the
Netherlands, in which subjects were interviewed and cholecystectomy diagnoses were
verified by either hospital records or ultrasound examination (27). The prevalences for
men in that suwey (n= 182) were 2.5 and 5.87o in the age groups 50 to 59 and 60 to 69
respectively. For women (n=215) the corresponding figures were 13.1 and l4.l7o.
Cholecystectomy rates are very similar throughout the country, as was shown by autopsy
studies in six cities (28). Furtheflnore, in the subcohort restricted to subjects with
complete dietary questionnaires the same prevalences were found, indicating that
subjects with incomplete (dietary) questionnaires, who also might have skipped the
question on gallbladder surgery, did not underreport cholecystectomy. Finally,
established risk factors for gallstone disease investigated in this study, i.e. age, se&
parity (29) and Quetelet index (30), were all found to be associated with
cholecystectomy in the anticipated direction. Also alcohol consumption, which has often
been shown to be inversely related to gallstone disease (30), was negatively associated
with cholecystectomy in our data although, of course, this may have been a
consequence rather than a cause of gallstones and thus cholecystectomy. We therefore
conclude that underreporting of previous cholecystectomy is not likely to have been
substantial. There might have been subjects who falsely reported gallbladder surgery.
Although in self-reporting this is probably less likely to happen than false-negative
reporting, under- and overreporting acting together will lead to misclassification that is
presumably non-differential with respect to prospectively recorded disease status. In
that case we would have observed a lower relative risk than the true one (31).
Underreporting alone does not change the estimated relative risk.

Adjustment for confoundiog by risk factors for gallstone disease and by dietary
factors did not strongly influence the estimated relative rates. It is unlikely, therefore,
that in this study the positive association between cholecystectomy and colorectal cancer
has been confounded by any of the factors investigated. This also suggests that gallstone
disease is not the (sole) underþing causal link between cholecystectomy and colorectal
cancer, as proposed by some (32). Unfortunately, no prospective study so far (including
ours) comprised enough subjects with unoperated gallstone disease to evaluate this
directly. Moreover, parity and obesity, important risk factors for gallstones in women,
were found to be slightly inversely associated with colorectal cancer. Although we
cannot exclude that other factors could explain the positive association (e.g. physical
activity), the investigated more obvious factors do not appear to be important in this
respect. This conclusion does not imply that the (lack of an) association reported in
other studies is not influenced by confounding, because this depends on the distribution
of potential confounders in a population. Non-adjustment for parity is likely to have
underestimated the relative risk for women in other studies, since parity is a risk factor
for gallstone disease, but has been found protective against colorectal cancer in a
number of populations (33) including our population. However, the degree of
underestimation of the relative risk by not adjusting for parity is difficult to assess and
is likely to differ from one study to another. The role of parity in the relation between
cholecystectomy and colorectal cancer also suggests that cholecystectomy rather than



shared risk factors for gallstone disease and colorectal cancer causes (at least part of)
the increased risk.

If the association.between,cholecystectomy and colorectal cancer were causal, one
worrld expect the relative risk to start incréasing some years after removat oî me
gallbladder. This is precisely what is suggested by our daø ón the time interval between
age at cholecystectomy and age at the start of tLe study, although the number of cases
in each interval category is too small to draw definite conclusioñs about the strength-;f
the associations in separate intervals. Neither is it possible to determine 

""u"tiy 
tn"

length of the interval after which the relative rate staits to depart from unity, rioJ" in"
starting point of each individual interval was.defined as the míd-point of 

" 
ní"-y"ui u!"

category and the end-point preceded the diagnosis of cancer uy three y""tr ät -oit.This implies that the true individual interval was within the rånge of ihe calculated
interval minus two and plus five years. Few other studies have presented data on the
association within interval categories. Four of seven studies show a relative risk close to
one in the first years after cholecystectomy-(3,5,g,15). Even the large study by Friedman
et.al.(15), which did not find an overall'relativó risk differeni to- uoity, ,no*,
evidence for an increased relative risk from five years after cholecystectomy onward.
Spitz et al. (12),who used left-sided colon cancer cases as controls for right-sided colon
cancef cases, did not observ-e a risk gradient with time interval. Kune ãt u. lro¡ uoã
Berkel et al. (6) reported a highly increased risk in the first few years directly rà¡á*io!
cholecystectomy, which may be attributed to_confounding of syiptoms of 1íight-ri¡;¡;colon cancer with those of gallstone disease (16).

In men, we found an increased relative iatê for all subsites; in women, the relative
rate appeared to be highest for the right side of the colon. This result in women is in
accordance yilh many other studies (3-7,10,16,34). we require, however, more cases to
draw more definite conclusions with respect to subsite.

In conclusion' our study corroborates the evidence for a positive relationship
between cholecystectomy and colorectal cancer, unlikely to be attributable to muoly
well-known methodological biases. The data also provide support for the possibility 

-thã

cholecystectomy is the causal factor rather than lpredisporìtion for) gallitone disease.
An 

_ 
intact gallbladder empties only after a (iãt-coniaining) meal, whereas after

cholecystectomy bile from the bile duct trickles coìtinuously iniá tne gut. The increasedrisk after cholecystectomy may be attributed to the difÍerence in composition and
content between bile from the gallbladde¡ and that from the bile duct, but also to the
increased time that the- gut is e4posed to bile. The latter possibility is consistent with
observations that meal frequency and thus a more frequent 

"*po.urä 
of the gut to bil;

also increases risk for colorectal cancer (35-37).
The results warrant further study into- differences between subsites and into

potential modification of the effecl_ by dietary factors when, after more years of follow-
up, a sufficient number of cases will have been accrued.
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Abstract

Selenium may be anticarcinogenic because of its role in the cellular defense system
against oxidative stress. The association between toenail selenium (a marker of long-
term selenium status) and lung cancer was investigated in a cohort study on diet anã
cancer, that started in 19E6 among r2ür&sz Dutch men and women aged 5s-69 years.
After 3.3 years of follow'up, 550 microscopically confirmed incident cases wittr lung
carcinoma were detected. Toenail selenium data were available for 370 lung cancei
cases and 2459 members of a randomly selected subcohort. After contmlling for age,
gender, smoking and education, the relative rate of lung cancer for subjecls in tîá
highest compared to the lowest quintile of toenail selenium was 0.50 (957o confìdence
interval 0.30-0.81), with a signifìcant inverse trend across quintiles (p=0.006). The
protective effect of selenium was concentrated in subjects witñ a relativôly low áieøry
intake of beta-carotene or vitamin C. The relative rate in the highest compared to thã
lowest quintile of selenium was 0.45 in the low beta-carotene goup (957o confidence
interval 0.22'0.92; trend-p=Q.Q28) and 0.36 in the low vitamin C gto"p (952o confidence
interval 0.17'0.75i trend'p<0.001). This study supports an inverse association between
selenium status and lung cancer and suggests a modification of the effect of selenium
by the antioxidants beta-carutene and vitamin C.

* Submitted for publication



Introduction

It has been suggested that selenium has anticarcinogenic potential through its role
as component of glutathione peroxidase, an enzJ,{ne that is part of the cellular defense
system against oxidative damage (1). Animal studies have indicated that selenium
compounds may have an inhibitory effect on carcinogenesis in various experimental
models, although not all of these studies show a reduced tumour incidence (2). In
humans, ecological studies have shown an inverse association between cancer mortality
rates and selenium concentrations in forage crops and serum (2,3). Among other
tumours, this inverse relationship was found for lung cancer. Since smoking induces
oxidative stress (4,5), studlng a smoking-related cancer such as lung cancer provides an
opportunity to investigate the postulated anticarcinogenic effect of selenium.

Analytic epidemiological studies on selenium and cancer frequently use biological
markers of selenium status such as serum or toenail selenium levels, because estimation
of dietary selenium intake is considered unreliable (6). Although there are a number of
case-control studies that have shown that cases have lower serum selenium levels than
control subjects (2), these findings are difficult to interpret because serum levels might
be reduced due to a lower intake or sequestration of selenium by tumour cells (7,8).
Prospective studies, in which this problem can be avoided, have yielded varying results
regarding serum selenium levels and cancer risk (8). Due to their limited size, the
majority of these prospective studies was confined to analysis of all tumour sites
combined. A potential limitation of the serum studies is the large intraindividual
variation in serum selenium levels (6). There is evidence that toenail selenium levels
represent the selenium status over several months (9,10) and that the levels reflect
differences in selenium intake (11,12). Toenail clippings have been used recentþ as a
long-term biomarker of selenium status in various prospective studies (13,14), but none
of these studies dealt with lung cancer. The purpose of our study was to investigate the
relationship between prediagnostic toenail selenium levels and lung cancer risk in a
large-scale prospective cohort study in the Netherlands. Apart from the overall
association, we evaluated associations for specific types of lung carcinoma, considering
the evidence that etiological factors may differ between types (15,16). In view of the
suggested possible gender-specific effect of selenium (17), analyses were also conducted
for men and women separately. The potential effect modification by the antioxidant
vitamins beta-carotene and vitamin C, as well as retinol was also investigated.

Materials and methods

The cohort characteristics and the method of cancer follow-up have been described
before (18,19). Briefly, the cohort study started in 1986 when 58,279 Dutch men and
62,573 women aged 55-69 years were enrolled in the cohort. At baseline, cohort
members completed a self-administered questionnaire on usual dietary intake and
potential confounders and also provided toenail clippings. Following the case-cohort
approach for analysis of the data, a subcohort of 3,500 subjects (1688 men, 1812
women) was randomly sampled from the cohort after the baseline exposure
measurement. The subcohort has been followed up biennially for vital status
information in order to estimate the accumulated persontime in the cohort. Incident
cancer cases occurring in the cohort have been identified by record linkage to cancer
registries and a pathology register. The analysis in this report is restricted to the cancer
incidence in the recently completed 3.3 year follow-up period from September 1986 to
December 1989. The completeness of cancer follow-up was estimated to be 957o (20).
In these 3.3 years of follow-up, a total of 617 lung cancer cases were detected (542



lnen' 75 woTen)' After excluding cases who reported a history of cancer other than
skin cancer in the basetine questionnaire-(n:5-3),.cases.with in situ carcinoma (n=1)
and cases without a micr_oscopically confirmed ãiagnosis (n:11), 552 incident'caseí
remained available for analysis. Because we \ilere intérested ìn the'association of toenail
selenium with the various types of lung carcinoma, cases with a sarcoma (n=1) or
unspecified morpholog¡r (n=1) were also excluded, leaving 550 cases *itn íuog
carcinoma (488 men, 62 women). After excluding prevalent canlcer cases other than skiã
cancer from the subcohort of 3500 as well, 3346 subjects (1630 men, 1.7L6 women)
remained in this group. Toenail clippings had been provided'by 384 lung 

"uo"", "ur"íand 2569 subcohort members. Problems with the detection of toe-nail selenium
(interference by other elements such as calcium) occurred in L and 16 of these 3g4 and
2569 specimens, respectively. In addition, 13 and 94 specimens were excluded from the
case a¡d subcohort groups, respectivel¡ because the specimens weighed less than 10
mg, which would yield unreliable selenium m"as.r.ements. Thus, toenail selenium data
on 370 lung cancer cases (335 men, 35 women), and 2459 subcohort members (1211
men, 1248 women) were available for analysis.

Determination of toenail selenium levels
The toenail selenium analyses were carried out by the Interfaculty Reactor Institute

(IRI) at Delft University, the Netherlands. Each ãnaþical batch contained toenail
specimens of cases and subcohort members, and speciméns were analyzed in a manner
blinded with respect to case/subcohort status. Toenails were first cleared by scratchin!
off any debris with a qtartz knife. After ultrasonic cleaning with aceíone for 13
minutes, distilled water for L0 minutes and acetone for 15 mi-nutes, respectively, the
specimens were freeze-dried during 15 hours to eliminate any humidity uu.iiioo,
between runs. The selenium content of the toenails *u, -"ur,rred by ínstrumental
neutron activation analysis of the metastable-selenium-77 isotope. The sbecimens were
irradiated for l7 seconds in a thermar flux of L.2xL013 neutrons. ,-1."--2-Aft", 

" 
¿"."y

time of 20 seconds, gamma radiation of 77-se was me¿Ìsured for 60 seconds. Thá
accuracy of the method was checked by analysis of a certified Bovine liver standard
(Standard Reference Material 1577a of the US National Bureau of Standards). F; t¿
determinations, a mean value (-r sD) of 0.70 -1- 0.0a v,g/g selenium was observed
against a certified value of 0.71-ts 0.04 p,glg. The precisio.t-o-tin" method was evaluated
by duplicate selenium measureme,nts of specimeni from 27 randomly selected subjectf
the coefficient of variation was 6.6 percenf.

Data analysis
The distribution of various potential confounders known to be associated with lung

cancer (gender, age, smoking habits and level of education) in the case and subcohort
group were compared as well as the mean toenail selenium'levels. The highest attained
level of education was classified as follows: primary school only; lower level vocational
education (in addition to primary school); seiondary school or medium level vocational
education; university or higher level vocational education. After categorization of the
cases according to histological type of lung carcinoma (squamous cell 

-carcinomu, *ull
cell carcinoma, adenocarcinoma, large cell and other Çpis of carcinoma) 

", "."o;¡i";to the year of follow-up in which the diagnosir *ur mâãe, the mean toénail seleniuñ
concentrations of the case groups were also compared with each other.

Next case-cohort analyses. (21) _were conducted, based on the assumption that
survival times were e4ponentially distributed in this follow-up period. þor these
analyses, toenail selenium levels were categorized into quartiler oi quintil"s laepenáingon the available number of cases) according to the distribution in the subcohàrt. tn tnã



gender-age-stratified analyses, we computed Mantel-Haenszel relative rates of lung
cancer for each of the quantiles, 957o confidence intervals, and tests for trend in the
relative rates (which were corrected for the additional variance introduced by the
subcohorJ sampling). In the multivariate case-cohort analyses, relative rates (with
corrected 957o confidence intervals) of lung cancer were computed after adjustment for
the effects of gender, age, smoking (expressed as pacþears for past and current
smokers) and highest level of education. The age and smoking variables were entered as
continuous variables. Tests for trend were computed based on likelihood ratio tests with
scores of 1-5 assigned to increasing quintiles of toenail selenium, as in the stratified
analysis. Apart from analyses for the total group, analyses were also conducted for men
and women separately and for each histological fype of lung carcinoma. The interaction
between toenail selenium and smoking was tested using likelihood ratio tests. To
evaluate the potential influence of preclinical disease on toenail selenium levels,
analyses were also conducted after excluding cases occurring in the first year of follow-
up. Finally, we analyzed the relationship between toenail selenium and lung cancer with
regard to the dietary intake of retinol, beta-carotene and vitamin C (in the subset of
people with complete dietary data), to study the potential effect modification by these
vitamins. Two-sided p-values are used throughout this report.

Results

Table 1 provides information on the distribution of gender, age, smoking habir and
highest attained level of education among lung cancer cases and subcohort members for
whom the toenail selenium level was known. As expected, large differences in the
relative frequencies of gender, age and smoking habits were observed between the case
and subcohort groups, while smaller differences were found with respect to highest
attained level of education. For both men and women, the average toenail selenium
concentration was lower among lung cancer cases than among the subcohort members.
For men, the mean (* SD) toenail selenium levels in cases and subcohort were 0.529
(* 0.206) pglg and 0.547 (+ 0.126) p.g/g, respectively, while for women values of 0.537
(* 0.080) and 0.575 (t 0.109) ¡r,g/g, respectively, were observed.

When toenail selenium levels of cases according to histological subtype were
compared, cases with adenocarcinoma showed the lowest toenail selenium levels while
the highest levels were observed among cases with squamous cell carcinoma (table 2).
For all four types of carcinoma, male cases showed somewhat lower values than femaie
cases. When cases were categorized with respect to the year of follow-up in which they
were diagnosed, there was no trend towards lower toenail selenium levels in cases
occurring early in both men and women, indicating no effect of preclinical disease on
toenail selenium levels (table 2).

The results of the stratified analysis of toenail selenium and lung cancer risk are
shown in table 3. Toenail selenium was inversely associated with the risk of lung cancer
in this analysis (test for trend p<0.001). The relative rate of lung cancer in the highest
quintile of toenail selenium compared to the lowest quintile was 0.40 (957o confidence
interval (CI) 0.27-0.59).

In the multivariate anaþes we additionally adjusted for smoking and level of
educatiory the additional information on pacþears of smoking and level of education
was available for 317 lung cancer cases and 2311 subcohort members. The results,
shown in table 4, indicate an inverse association between toenail selenium and lung
cancer risk among the total group of subjects (trend-p=Q.906), with a relative rate of
lung cancer for those in the highest quintile compared to the lowest quintile of toenail
selenium of 0.50 (957o Cl0.30-0.81).



Table 1. Distribution of lung cancer cases and subcohort members with complete toenail selenium data
according to various characteristics.

Cases Subcohort
Characteristic

(v,)(vo)n*

Total

Gende¡
Men
Women

Age (years)
55-59
û-64
65-69

Smoking habits
Never smoked
Ex-smoker
Current smoker

Highest level of education
Primary school
Lower vocational education
Secondary schooVmedium vocational
University/higher vocåtional

Toenail selenium (¡rg/g)
Men (mean -+ SD)
Women (mean -r SD)

(e0.s)
( e.5)

370

33s
35

100

t34
136

2459

I21,t
1248

(27.0)
(36.2)
(36.8)

6 ( 1.ó)
10e (2e.6)
2s3 (68.8)

1,t7 (32.3)
r02 Q8.2)108 (2e.8)
3s ( e.7)

0.529 + 0.206
0.537 r 0.080

0.547 ! 0.t26
0.575 r 0.109

941, (38.3)
8ss (34.8)
663 Q69)

(4e.2)
(s0.8)

(3s.2)
(34.7)
(30.1)

(30.7)

Q2.3)
(34.3)
(12.8)

8ó3
852
740

745
542
833
310

* Due to missing questionnaire data, numbers may not add up to 370 and 2459, respectively.

Table 2. Toenail selenium lev-els (¡rglg) in male and female lung cancer cases according to histological
subtype and year of follow-up.

Men Women
Group

Mean -r SD Mean t SD

Histological subtype
Squamous cell carc.
Small cell carc.
Adenocarcinoma
Large cell, other carc.

Year of follow-up
1

2
3

4

9
8

10
8

7
t3
11
4

1,61

s6
65
53

93
r04
113
25

0.54t -+ 0.278
0.520 + 0.099
0.518 + 0.100
0.517 + 0.113

0.540 + 0.348
0.530 + 0.123
0.51.6 + 0.092
0.548 -'- 0.146

0.547 r 0.101
0.531 r 0.079
0527 t 0.063
0.544 + 0.089

0.572 + 0.045
0.530 -F 0.089
0.551 r 0.079
0.458 t 0.066



Table 3. Mantel-Haenszel relative rate of lung cancer according to ¡oenail selenium levet in gender-age-
stratified analysis.

Toenail selenium level
(quintile boundaries i" t g/g)

No. of
cases

Person years
in subcohort

RRlrs (esvo cD

1 (s 0.483)
2 (s 0.s30)
3 (< 0.573)
4 (s 0.630)
s (> 0,630)

Test for ltend: X2 (p-value)

1.00r
0.64
0.66
0.56
0.40

134
75
69
53
39

1s98
t597
1593
1587
1ffig

23.159

(0.47-0.8e)
(0.47-0.92)
(0.3e-0.80)
(0.27-0.se)

(< 0.001)

* Reference category,

Because of the high proportion of male lung cancer cases, the association with toenail
selenium among men strongly resembles that in the total group. Nevertheless, also
among women an inverse relationship was observed, with a relative rate of lung cancer
of 0.40 (957o CI0.13-1.24; trend-p=0.101) for those in the highest quartile compared to
the lowest quartile. After excluding cases occurring in the first year of follow-up, the
inverse association between toenail selenium and lung cancer persisted (trend-p=0.636¡,
with a relative rate of 0.52 (957o CI 0.30-0.91) for those in the highest versus the loweit
quintile (table 4). We also evaluated whether the association with toenail selenium was
different among smoking categories (never, ex-, current smokers) by testing for
interaction between smokin¡ and toenail selenium. No significant interaction was noted,
however (likelihood rutio XL:4.10, df:8; p:0.8a9).

Table 4. Relative rate of lung cancer according to loenail selenium level in multivariate analysis*.

Quanrile of toenail selenium level (boundaries in pglg) Test for trend
Group No, of

câses
1123
(s0.483) (<0.s30) (s0.573)

45x2
(s0.630) (>0.ó30)

(p-value)

All cases
(es% cD

Men
(95Vo Cr)

Woment
(95Vo CI)

Excluding cases
from first yr of
follow-up

(95Vo CI)

0.71.
(0.4e-1.04)

0.69
(0.46-1.02)

0.58
(0.20-r.66)

0.78
(0.51-1.1e)

0.79
(0.s3-1.18)

0.81
(0.s4-1.2r)

0.61
(0.22-1,7s)

0.80
(0.s0-1.26)

0.82
(0.s3-1.26)

0.83
(0.s4-1.2e)

0.40
(0.r3-r.24)

0.89
(0.ss-1.45)

0.50
(0.30-0.81)

0.50
(0.30-0.82)

7.6e7 (0.006)

6.41s (0.011)

2.688 (0.101)

377

28s

1,00

1.00

1.0032

1.00228

I

+

0.s2 4.380 (0.036)
(0.30-0.e1)

The model included terms for age, (gender), pacþears of past smokers, pacþears of current smokers,
level of education.
Reference categorJ.
Because of the small number of cases, use was made of quartiles instead of quintiles; quartile
boundaries were: <0.497, <0.551, <0.612, >0.612 pglg.



As can be seen from table 5, the inverse association with toenail selenium is not
restricted to a particular histological subtype of lung cancer. Because of the relatively
small numbers, relative rates of lung cancer are presented here by quartile of toenail
selenium. The relative rates (957o CI in parentheses) for those in the highest toenail
selenium quartile compared to the lowest quartile were 0.55 (0.30-1.04) fór squamous
cell carcinoma, 0.19 (0.04-0.87) for small cell carcinoma, o.so (o.zs-r.+o¡ for
adenocarcinoma, and 0.70 (0.31-1.58) for large cell carcinoma and otheì types of lung
carcinoma.

Table 5. Relative rate of lung cancer according to quartile of toenail selenium level in multivariate
analysis+, by histological subtype.

Histology No. of
cåses

Quartile of toenail selenium level
(boundaries in Fe/g)

Test for trend

x2 (p-value)1t2
(<0.497) (<0.5s1)

34
G 4.612) (>0.612)

Squamous cell carc.
(gsvo cr)

Small cell carc.
(95Vo CI)

Adenocarcinoma
(es% cD

Large cell, other
(es% cD

0.95
(0.60-1.s0)

0.71
(0.32-1.s6)

0.76
(0.38-1.s2)

0.58
(0.28-1.18)

0.84
(0.50-1.42)

L.59
(0.76-3.30)

0.9s
(0.47-r.m)

0.47
(0.20-1.07)

0.s5
(0.30-1.04)

0.19
(0.04-0.8Ð

0.59
(0.2s-1.40)

0.70
(0.31-1.58)

3.89e (0.048)

0.868 (0.3s1)

0.e87 (0.320)

2.046 (0.153)

1.00

1.00

1.00

r43

1.00

* The model included terms for age, gender, pacþears of past smokers, pacþears of current smokers,
level of education.

f Reference category.

In additional models we also adjusted for the intake of retinol, beta-carotene and
vitamin C in the subset of 293 cases and 2204 subcohort members who had both
complete dietary and toenail data. This adjustment resulted in similar effect estimates
(table 6, first line) as the model without adjustment for dietary variables. We also
examined the association between toenail selenium and lung càncer by category of
intake of these vitamins. Table 6 shows the relative rates, 957o confidenci intervãk'and
tests for trend for quintiles of toenail selenium in those who are in the lowest two
quintiles and those who are in the highest two quintiles of intake of these three
vitamins, respectively. The association between toenail selenium and lung cancer risk
did rot differ appreciably between those with a low or high retinol intake. In contrast,
for beta-carotene and particularly for vitamin C, the protective effect of selenium seems
to be concentrated in those with a relatively low intake of these vitamins (trend-
p:0.028 and <0.001 for the low beta-carotene and vitamin c groups, respectiveþ). The
relative rctes (957o CI in parentheses) of lung cancer for thosè in-the highest qintiles
of toenail selenium were 0.45 p.n-0.92) and 0.36 (0.17-0.75) in the subjeits wirh a low
intake of beta-carotene and vitamin C, respectively. Tests for interaction indicated that
the differences in estimates per selenium quintile between the low and high vitamin



intake groups were not significant for beta-carotene (likelihood ratio test p:0.662) or
vitamin C (p:0.a39), but the compared groups are rather small.

Table 6. Relative rate of lung cancer according to toenail selenium level by category of intake of
retinol, beta-carotene and vitamin C.

Quintile of toenail selenium level (boundaries in pglg) Test for trend
Group No. of

câses

1*23
(s0.483) (s0.530) (s0.573)

45x2
(<0.630) (>0.630)

þ-value)

AllT 293
(95Vo Cr)

Retinol intakef
Low 89
(95Vo CI)

High 148
(es% cD

Beta-carotene intaket
Low 143
(95Vo CI)

High 99
(9s7o CD

Vitamin C intake+
I-ow t43
(95 Vo CI)

High 98
(es% cf)

1.00

1.00

1.00

1.00

1.00

0.68
(0.46-1.02)

0.86
(0.42-1.79)

0.71
(0.41-1.23)

0.54
(0.31-0.e4)

1.06

(0.s4-2.06)

0.s9
(0.34-1.03)

0.93
(0.47-1.83)

0.75

(0.4e-1.1s)

0.79
(0.3s-1.76)

0.93
(0.s1-1.70)

0.64
(0.34-1.18)

0.77
(0.34-r.77)

0.49
(0.27-0.90)

7.20
(0.s7-z.st)

0.78
(0.4e-r.24)

1.00
(0.44-2.3t)

0.89
(0.46-t.70)

0.73
(0.38-1.41)

r.44
(0.67-3.07)

0.51
(0.26-0.ee)

1,.02

(0.47-2.18)

0.58
(0.24-1.38)

0.63
(0.31-1.28)

0.45
(0.22-0.e2)

0.68
(0.28-r.&)

0.36
(0.17-0.7s)

0.63

Q.n4.4e)

t.13s (0.287)

7.r7s (0.2t8)

4.826 (0.028)

0.021 (0.88s)

t3.777 (<0.001)

0.463 (0.4e6)

0.49 7.s14 (0.006)
(0.30-0.82)

1.00

1.00

* Reference category.
t Model adjusted for age, gender, pacþears of past smokers, pacþears of current smokers, level of

education, intake of retinol, beta-carotene and vitamin C.
* I-ow and high are defined as the two lowest quintiles and the two highest quintiles of intake,

respectively.

Discussion

In this prospective cohort study, a statistically significant inverse trend was found
between the toenail selenium level and the risk of lung cancer. A number of prospective
studies on selenium in serum and lung cancer risk have been published, all using the
nested case-control approach (22,32). In the first prospective study that showed a
significant inverse association of selenium with total cancer, Willett et al. (22) found
nonsignificantly lower sen¡m selenium levels among lung cancer cases compâred to
controls. However, the difference betv/een cases and controls was in fact grèater for
lung cancer than for all cancers combined. Because there were only 18 lung cancer
cases involved, the association did not reach statistical significance. Salonen eì at. did
observe a significant inverse association between serum selenium and respiratory cancer
risk (15 cases) in a Finnish cohort (26), whereas a nonsignificant inverse association
with respiratory cancer (23 cases) was found in another Finnish cohort (27).



Nonsignificantly lower serum selenium levels among lung cancer cases compared to
controls have also been reported in four other studies (24,t840), but these nesied case-
control studies only included a small number of lung òancer câses. The largest nested
case-control study on serum selenium and lung cancer to date was publisheã Uy Xo"tt
et al. (23). This Finnish cohort yielded 198 lung cancer cases and â strong, significant
inverse association between serum selenium and lung cancer risk; the relãiive-¡isk for
men in the highest compared to the lowest quintile of serum selenium was estimated at
0.3. In three other studies nonsignificantly positive associations between serum selenium
and lung cancer have been observed (25,31,32). The study by Menkes et al. (31) was the
largest, jnyolving 99 lung cancer cases. In that study, â positive associatiòn îas also
observed for the various histological subtypes of lung óancei.

Thus, in the majority of the studies an inverse ãssociation between serum selenium
and lung cancer is observed,-albeit mostly nonsignificant. It should be kept in mind that
most of these studies were focused primarily on overall cancer risk and even then the
number of cases was often rather small. The limited number of respiratory cancer cases
in virtually all studies precludes the possibility to draw conclusions from the inconsistent
findings, but in a number of these studies the association with selenium was stronger for
respiratory cancer than for all cancers combined (22-24,26,2g,30). as has been noted
before (2,24), a possible explanation for the discrepant findings -ignt f" the difference
in the range of selenium levels that has been invèstigated ii the various countries. In
the US, generally high serum selenium levels are reported, whereas low values occur in
New Zealand and Finland. Indeed, most of the studies that show an inverse association
originate from Finland where selenium intake used to be low (23). Selenium intake is
moderate in the Netherlands and blood selenium levels are inteimãdiate between those
reported from New Zealand and the United States as is true for toenail selenium levels
(33).

The inverse association between toenail selenium and lung cancer in our study was
not restricted to men.-Thjs seems ir apparent contrast with ãn earlier suggestio; that
the protective effect of selenium might be specific for men only (17). Ho*õier, the size
of most studies was not sufficient to allow site-specific anaþes by gender.'Gender-
specific information is usualþ only reported for brõast cancer; most ituãies have shown
that there is no association between selenium and this type of cancer (L3,I4,ZZ-25,33).
Because lung cancer often represents a substantial part oiìhe male 

"ur"i 1io contrast ío
female cases)- and breast cancer is the most importänt female cancer site, ìhe suggested
gender-specific effect of selenium might reflect site-specific effects. Indeed, as Cõå'tes et
al. Q\ have suggested, the differences in cancer sitè distributions between the various
studies might also explain the inconsistent results of the published prospective studies.

As in other studies (ll,l2), smoking was inverseþ related with ìoenail selenium
levels in our population (34) and might therefore be ân important confounder of the
relationship between selenium_ and lung cancer. It is unlikely that there is major
residual confounding by smoking in our analyses, however, because the inveise
association persisted after- presumabþ close control of smoking by using pacþears of
smoking. In addition, we found no clear indication that the selJnium emecf is réstricted
to specific subtypes of lung carcinoma that are associated more strongly with smoking
such as squamous cell and small cell carcinoma (15).

. _ 
Cgnjounding by dietary variables was not observed after evaluating models that

included terms for retinol, beta-carotene and vitamin C intake. (Becarise the Dutch
food table does not contain information on the vitamin E content of foods, we could
not evaluate the influence of this vitamin.) Some evidence, however, was found for
effect modification by the level of vitamin intake. While for beta-carotene and vitamin
C the effect of a high toenail selenium level was concentrated in those with a relatively



low intake of these vitamins, there was no clear effect modification by retinol intake,
which is in line with the lower antioxidative capacity of retinol (35). Others have
evaluated the interaction with antioxidant vitamins by studlng serum levels of retinol,
beta-carotene and c-tocopherol; the interactions were only assessed with regard to
overall cancer risk. While the effect modification by beta-carotene is supported by other
studies (23,32), the observations on interaction with retinol levels are inconsistent
(17,22-24,27,32). No other cohort siudies on this subject have evaluated the effect
modification by vitamin C. Nevertheless, since this vitamin can also protect against
oxidative damage, the observed interaction between selenium and vitamin C fits within
the antioxidant hypothesis (36). It would be interesting to find out if a similar effect
modification by vitamin C exists in the cohort studies that have been published. Vitamin
C is, however, degraded rapidly in frozen serum (10), which is the probable reason why
it has not been investigated in these cohort studies with nested case-control analyses.
Therefore, the assessment of interaction will necessarily have to involve dietary vitamin
C intake.

As in most serum studies regarding overall cancer risk (22-24,27,30,3I), although
not all (29), we found no influence of preclinical lung cancer on the toenail selenium
levels. This was indicated by the persistence of the inverse association after excluding
cases detected in the first year of follow-up. Also, no increasing trend in the average
toenail selenium levels was observed when cases were categorized by year of follow-up.
This was to be expected since the toenail selenium level is assumed to be a long-term
marker of selenium status, while the selenium level in serum is regarded as a short-term
marker.

In conclusion, we obsered an inverse association between toenail selenium and
lung cancer risk. The association was not restricted to a particular gender, smoking
category or histological subtype of lung cancer. The possible effect modification by
beta-carotene and particularly vitamin C warrants further study.
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Abstract

The association between toenail selenium and the risk of stomach and colorectal
cancer was investigated in a prospective cohort study on diet and cancer, that stårted
in the Netherlands in 1986 among l20r&s2 men and women aged 5s-69 years. After 3.3
years of follow'up, 155, 313 and 166 microscopically confirmed incident cases of
stomach, colon and rectum cancer were detected, respectively. Toenail selenium data
were available for 104 stomach cancer, 234 colon cancer, 113 ræctum cancer cases and
2459 members of a randomly selected subcohort. In a multivariate analysis, the relative
rates of stomach cancer for subjects in increasing quintiles of toenail selenium level
were 1.00, 0.44, 0.59, 0.84 and 0.64 (trend-p=0.491). For men, there was more evidence
for an inverse association between toenail selenium and stomach cancen the relative
rate for those in the highest compared to the lowest quintile of toenail selenium was
0.40 (957o confidence interval, 0.17 to 0.96), albeit tñat the test for trend was not
signilicant (p=0.136). For stomach cancer among women, there was no negative
association with toenail selenium. The negative association between toenail selenium
and stomach cancer was concentrated in subjects with a relatively low vitamin C
intake. For beta'carptene, there was no evidence for such an eflect modifìcation.
Toenail selenium was not associated with the risk of colon or rectum cancer. After
excluding cases diagnosed in the first year of follow-up, the relative rates of colon
cancer for increasing quintiles of toenail selenium were 1.00, l.z7rl.r7,0.75 and 1.07
(trend'p=Q.554); for rectum cancer these relative rates were estimated at 1.00, 1.73,
0.83, 1.58 and l.l2 (trend'p=$.390). These data support a suggestive, but inconsistení
inverse association between selenium status and the risk of stìmach cancer but not of
colorectal cancer.

* Accepted in revised form by the Journal of fhe National Cancer Insirute



Introduction

Animal studies (1) and ecologic studies among human populations (2-4) suggest
that a low dietary selenium intake is associated with an increased risk of various types
of cancer. Because the assessment of dietary selenium intake is unreliable (5), case-

control and cohort studies on selenium and cancer have frequentþ used biologic
markers of selenium status such as serum or toenail selenium levels. Case-control
studies on serum selenium and cancer are difficult to interpret because serum levels
might be reduced due to sequestration of selenium by tumor cells (6,7). In patients with
advanced upper gastrointestinal cancer serum selenium levels were also found to be
progressively decreased (8). Prospective serum studies, in which this interpretation
problem can be avoided, were mostly limited to overall cancer risk as the primary goal
of the analysis (9-19). In all of these studies, a nested case-control approach was used.
Although cases had significantþ lower prediagnostic selenium levels than controls in
various prospective studies (9-L1,I3,16,19), the results are inconsistent. In a number of
studies, however, the difference between cases and controls was greatet for
gastrointestinal cancer sites than for all cancer sites combined (9,10,14,L5,L9). Apart
from the study by Knekt et al. (19), the numbers of gastrointestinal cancer cases were
usually too small to permit detailed analyses of these sites in the mentioned studies.

In recent years, toenail selenium has gained popularity as biomarker of selenium
ståtus, following observations that this marker is an indicator of long-term selenium
status (20,21.) and reflects differences in selenium intake (22,23). With regard to
gastrointestinal cancer, one prospective study using toenail selenium has been reported.
In this study among wome4 toenail selenium was not associated with colon cancer risk

Q\. T:he purpose of our study was to investigate the relationship between prediagnostic
toenail selenium levels and the risk of stomach and colorectal cancer in a large-scale
prospective cohort study among men and women in the Netherlands.

Materials and methods

The cohort
In September 1986, a prospective cohort study on diet and cancer of the breast,

colon, rectum, stomach and lung has been initiated in the Netherlands. The study
design has been described in detail (25). The cohort included 58,279 men and 62,573
women aged 55-69 years at the start of the study. The study population originated from
204 municipal population registries throughout the country. At baseline, the cohort
members completed a self-administered questionnaire on usual diet and potential
confounding variables and also provided toenail clippings. The semi-quantitative food
frequency questionnaire was specifically designed for, and pretested among men and
women of the cohort age range and was validated against a 9-day dietary record
method (Goldbohm et al., submitted for publication). For data processing and analysis
the case-cohort approach is used: the cases are eoumerated for the entire cohort
(numerator information of incidence rates), while the accumulated person years of the
entire cohort are estimated using a subcohort sample (providing the denominator
information). Following this approach, a random subcohort of 3,500 subjects (1688 men,
L812 women) was sampled from the cohort after the baseline exposure measurement.
The subcohort has been followed up for vital status information in order to estimate the
accumulated persontime in the cohort. Until December 3L, 1989 (the end of the present
follow-up period), there were no subcohort members lost to follow-up.



Cancer follow-up
Follow-up for incident cancer was accomplished by a computerized record linkage

with all nine regional cancer registries in the Ñetherlands and with pALGAe the Dutõh
national data base of pathology reports. The method of record linkage has been
published previously (26). Record linkage has been conducted annually i'itn pefCe
and the cancer registries. The lag time between diagnosis of cancer and definitive
registration in the cancer registries is usually less than three months, but may
occasionally extend to 1,.5 years. Considering this lag time, the linkage performed ií
1991 thus accounted for presumably all cancers diagnosed until the 

""¿ 
ãf 19g9. The

?l"lyt]! in this report is restricted to the cancer incidence in the period from September
17, .1986 _(cohort baseline measuremenl) until December 31, 19g9, i.e. a få[o*-up
period of 3.3 years. In this period a total of 1882 cases of breas! colorectal, stomach o'r
lung cancer were detected in the cohort of 120,852 subjects. The cancer follow-up was
estimated to be 95To complete after comparing observed and expected numbËrs of
incident cases in this follow-up period (27).

Population for analysis
Among the 1882 cases, there were 176 stomach, 351 colon and 185 rectum cancer

cases. After excluding cases reporting a history of cancer other than skin cancer in the
baseline questionnaire (L8 stomach, 39 colorectal cancer cases), cases with in situ
carcinoma (2 stomach, L6 colorectal cancer cases) and cases witúàut a microscopically
confirm^ed diagnosis (0 stomach, 2 colorectal cancér cases), 155 incident stomach åuo"-
and 479 colorectal cancer cases were available for anaþsis. After excluding prevalent
cancer cases other than skin cancer from the subcohort of 3500 as well, 33?6 subjects
remained in this group. Toenail clippings had been provided by 107 stomach cancer
cases, 361. colorectal cancer cases and 2569 subcohort membeis. problems with the
detection of toenail sele{3m_(jnterference by other elements such as calcium) o""rrrr"d
in 1, 5 and 16 of these 107, 361 and 2569 specimens, respectively. Another 2', 9 and 94
specimens were excluded from the stomach cancer, coiorectal'cancer and subcohort
groups, respectively, because the specimens weighed less than 10 mg, which would leldunreliable selenium measurements. Thus, toenail selenium data on 104 stomach 

"uooa(84 m-e1 20 women), 234 
^colon 

cancer (l2l men,-113 women), 113 rectum cancer (77
men, 36 women)' and 2459 subcohort members (1211, men, 1248 women) were availaùh
for analysis.

Determination of toenail selenium levels
The toenail selenium analyses were carried out by the Interfaculty Reactor Institute

(IRI) at Delft University, the Netherlands. Each analytical batch contained toenail
specimens of cases and subcohort members, and speciméns v/ere analyzed in a manner
blinded with respect to case/subcohort status. Toenails were first cleáred by scratching
off any debris with a q\artz knife. After ultrasonic cleaning with acetãne for 15
minutes, distilled water for L0 ninutes and acetone for 15 minutes, respectively, the
specimens were freeze-dried during 15 hours to eliminate any humidity ,ruriu"tioo,
between runs. The selenium content of the toenails *ur -"ur,rred by ínstrumental
neutron activation analysis of the metastable-selenium-77 isotope. The sbecimens were
irradiated for L7 seconds in a thermal flux of 7.2xr013 neutrons. r-1."--2. After a decay
time of 20 seconds, gamma radiation of 77-se was measured for 60 seconds. Thã
accuracy of the method was checked by analysis of a certified Bovine liver standard
(Standard Reference Material 1577a of the US National Bureau of Standards). For 26
determinations, a mean value (-¡ SD) of 0.70 -t- 0.04 v"g/g selenium was observed
against a certified value of 0.71 -F 0.04 p,g/g. The precision o?ihe method was evaluated



by duplicate selenium measurements of specimens from 27 randomly selected subjects;
the coefficient of variation was 6.6 percent.

Data analysis
The relationship between toenail selenium level and its various potential predictors

has been analyzed before (28). For each of the three sites (stomach, colon, rectum
cancer) the gender-specific mean toenail selenium levels of the cases were compared
with those of the subcohort. To evaluate the potential influence of prediagnostic cancer
on toenail selenium levels, the cases were categorized according to the year of follow-up
in which the diagnosis was made. For each site, the mean toenail selenium
concentrations of the case groups defined by year of follow-up were then compared
with each other.

Next, case-cohort analyses (29) were conducted, based on the assumption that
survival times were exponentially distributed in this follow-up period (Volovics et al., in
preparation). For these analyses, toenail selenium levels were categorized into quartiles
or quintiles (depending on the available number of cases) according to the distribution
in the subcohort. In the gender-age-stratified analyses, \¡/e computed Mantel-Haenszel
relative rates of stomach, colon and rectum cancer for each of the quantiles, 957o
confidence intervals, and tests for trend in the relative rates (which were corrected for
the additional variance introduced by the subcohort sampling). In the multivariate case-
cohort analyses, relative rates (with corrected 957o confidence intervals) of cancer were
computed after adjustment for the effects of several factors simultaneousþ. For
stomach cancer, these included gender, age, smoking (expressed as pacþears for past
and current smokers), highest level of education (categorized as loVmedium/high) and
intake of vitamin C and beta-carotene. For colon and rectum cancer, adjustment was
made for gender, age, family history of intestinal cancer, Quetelet index, level of
education and alcohol use. In addition to these factors, we also fitted models with
additional adjustment for the intake of calories, fat, protein, carbohydrate, fiber, beta-
carotene and vitamin C; since this additional adjustment did not yield materially
different results, we only present the former, simpler models. Similarly, for the stomach
cancer analyses the additional adjustment for family history of stomach cancer did not
affect the relative rate estimates regarding selenium. For each analysis, tests for trend
were computed based on likelihood ratio tests with scores of 1-5 assigned to increasing
quintiles of toenail selenium, as in the stratified analysis. Apart from anaþes for the
total group, analyses were also conducted for men and women separateþ, and after
excluding cases occurring in the first year of follow-up. Two-sided p-values are used
throughout this report. The analyses were carried out using the GLIM statistical
package (30,31).

Results

In table L the average toenail selenium levels among men and women in each of
the case groups are ptesented. For the subcohort the mean (*SD) toenail selenium
concentrations were 0.547 (+ 0.126) ¡rglg in men and 0.575 (t 0.109) pg/g in women.
Male stomach cancer cases showed lower selenium levels than men in the subcohort
while female stomach cancer cases showed higher levels than female subcohort
members. For colon cancer these differences had the same directions but were less
marked. Rectum cancer cases showed higher toenail selenium levels than subcohort
members in men and women. When cases were categorized with respect to the year of
follow-up in which they were diagnosed, there was no trend towards lower toenail
selenium levels in cases occurring closer to baseline in the stomach and rectum cancer



group' indicating no effect of prediagnostic cancer on toenail selenium levels for these
sites. For colon cancer, however, the lower selenium levels among cases occurring in the
first year of follow-up suggest the presence of such an effect for úis site (table 1i.

Table 1. Toenail selenium levels (¡rg/g) in cases according to gender and year of follow-up.

Groupr Stomach cancer

Mean I SD

C-olon cancer Rectum cancer

Mean t SD Mean t SD

Gender
Men
Women

Year of follow-up
I
2
J
4

0.528 + 0.081
0.647 ! o.tu

0566 -+ 0.142
0s43 -+ 0.127
0.548 -'- 0.088
0.543 + 0.099

0.536 -+ 0.092
0.561 = 0.104

0.519 t 0.945
0.559 r 0.108
0.563 + 0.092
0.546 + 0.082

0.596 + 0.410
0.580 + 0.089

0.561 È 0.125
0.(ß2 t 0.542
0.591 -Þ 0.190
0.534 -F 0.131

77
36

3L
39
31
12

t2t
113

69
69
80

t6

84

20

30
3l
31

72

* Me_an-(tSD) selenium levels in the subcohort were 0.547 (*0.126) for men (n=l2ll) and 0.575
(+0.109) yglgfor women (n=1248).

The results of the.gender-age-stratified analyses are presented in table 2, for each
of the three sites. This table shows, per quintiie of toenail selenium, the number of
cases observed in the cohort and the person years that were accumulated by the
subcohort members.

Table 2. Manlel-Haenszel relative rate of stomach, colon and rectum cancer according to toenail
selenium level in gender-age-stratified analysis.

Quintile of toenail selenium level (boundaries in pglg) Test for trend
Tumor site

1*23
(<0.483) (s0.s30) (s0.s73)

45
(<0.630) (>0.630)

N2 (p-value)

Stomach
No. of cases 32
(Person years (159)
in subcohort)
RRus 1.00
(95Vo Cf)

Colon
No. of cases 54
(Person years (1599)
in subcohort)
RRur¡ 1.00
(95Vo Cr)

Rectum
No. of cases 25
(Person years (1598)
in subcohort)
RRur¡ 1.00
(95Vo Cr)

19
(1sr)ó)

0.69
(0.38-1.25)

53
(15e0)

0.98
(0.65-1.48)

28
(lses)

r.20
(0.68-2.12)

t7
(1se3)

0.64
(0.35-1.17)

48

Qsn)

0.89
(0.58-1.36)

13

(1se1)

0.61
(0.30-1.23)

19
(1588)

0.83
(0.4s-1.s3)

36
(1588)

0.68
(0.43-1.08)

25
(1588)

t.20
(0.67-2.t4)

T7
(1610)

0.61
(0.33-1.11)

43
(1ffi7)

0.77
(0.4e-1.1e)

22
(1610)

1.01
(0.5s-1.84)

1.272 (0.2s9)

2.7t3 (0.100)

* Reference category.

<0.001 (0.991)



In the calculation of the person years at risk, it was assumed that subjects who develop

a certain cancer are still at risk for cancer at a different site. It can be seen from table 2

that the Mantel-Haenszel relative fates of stomach and colon cancer are

nonsignificantly decreased for subjects in the upper quintiles of toenail selenium (p-
values for trend-test for stomach and colon were 0.259 and 0.L00, respectively). For
rectum cancer there was no association with toenail selenium in the gender-age-

stratified analysis (trend-p =0.991).
In the multivariate analysis regarding stomach cancer we adjusted for gender, age,

smoking, education and the intake of vitamin C and beta-carotene. When all the 92

cases with complete data on the variables in the model were used in the analysis, there
was some evidence for a decreased risk of stomach cancer, with relative rates of 1..00,

0.44, 0.59, 0.84 and 0.64 for increasing quintiles of toenail selenium, but the test for
trend was not significant (p:9.491). Only for those in the second quintile the relative

rate was significantly different from unity. (A model in which vitamin C and beta-

carotene were replaced by the intake of vegetables and fruits lelded essentially similar
results.) The negative association between stomach cancer and toenail selenium was

only seen in men, where the relative rates for increasing quintiles of toenail selenium

were 1.00, 0.49, 0.50, 0.92 and 0.40, respectively. Although the relative rates for those in
the second and fifth quintiles compared to the lowest quintile were significantþ
different from one, the test for trend was not significant (trend-p:Q.136). In women, no
evidence for a negative association was found. A more definitive evaluation of a

possible modest positive association in women requires more cases than the 20 who
were available now. The relative rate estimates were not materially affected after
exclusion of the cases occurring in the first year of follow-up, indicating no effect of
prediagnostic stomach cancer on toenail selenium levels (table 3).

Table 3. Relative rate of stomach cancer according to toenail selenium level in multivariate analysis*.

Quantile of toenail selenium level (boundaries in pglg) Test for trend

Tumor site No. of
cases

1T2
(s0.483) (s0.530)

34
(s0.573) (<0.630)

x2 (p-value)5

(>0.630)

All cases
(es% cD

Men
(gsvo cÍ)

Women*
(es% ct)

Excluding cases

from first yr of
follow-up

(9sVo CI)

0.44
(0.22-0.88)

0.49
(0.24-0.ee)

0.73
(0.14-3.71)

0.47
(0.21,-L.02)

0.59
(0.31-1.1s)

0.50
(0.24-1.06)

1..36

(0.33-5.60)

0.56
(0.26-1.22)

0.84
(0.44-1.6r)

0.92
(0.46-1.82)

1.68
(0.43-6.54)

0.91
(0.43-1.e1)

0.64
(0.33-1,.27)

0.40
(0.17-0.96)

0.474 (0.491)

2.22s (0.136)

1.30s (0.2s3)

92

72

20

1.00

1.00

1.00

1.0067 0.60 0.440 (0.s07)
(0.27-L34)

The model included terms for age, (gender), pacþears of past smokers, pacþears of current smokers,

level of education, intake of beta-carotene and vitamin C.

Refe¡ence category.
Because of the small number of cases, use was made of quartiles instead of quintiles; quartile

boundaries were: <0.497, <0.551, <0.612, >0.612 pglg.

I

+



The results for colon cancer and rectum cancer are presented in a similar way in
tables 4 and 5, respectively. There seems to be some evidence for u o"gutiu"
relationship between toenail selenium and the risk of colon cancer in the anaþsis
among all2L6 cases with complete data (trend-p:0.067); this association is seen in bãth
men and women. rrowever, (as already expected from the results in table 1) the
negative association disappeared when cases occurring in the first year of follow-up are
excluded: the relative rates of colon cancer in thatmodelwere 1.0d, !.27,L.17,0.75 and
1.07 for increasing quintiles (trend-p:9.554) (table 4). With regard to rectui .uo""r;
no association was observed with toenail selenium concentration when all cases were
considered; the relative rates for increasing quintiles of toenail selenium were L.00, 1..L3,
0.58, 1.19 and L.05, respectively (trend-p:0.829). There was also no evidence for an
association in gender-specific analyses or when cases from the first year of follow-up
were excluded.

Table 4' Relative rate of colon cancer according to toenail selenium level in multivariate analysis+.

Quintile of toenail selenium level (boundaries in ¡rglg) Test for trend
Tumor site No. of

cases

1f23
(s0.483) (<0.s30) (s0.s73)

4 5 xz þ-value)(<0.ó30) (>0.630)

All cases

(gsvo cr)

Men
(gsvo cr)

Women
(es% cr)

Excluding cases
from first yr of
follow-up

(95Vo CI)

1.08
(0.71-1.63)

1,.20

(0.70-2.0s)

0.94
(0.4e-1.81)

1.27

(0.76-2.12)

0.89
(0.s6-1.40)

1.06
(0.se-1.e0)

0.7L
(0.37-1.38)

L.17

(0.67-2.02)

0.67
(0.40-1.12)

0.85
(0.4s-1.60)

0.51
(0.2s-1.04)

0.75
(0.40-1.43)

0.80
(0.50-1.2e)

0.82
(0.43-1.58)

0.77
(0.41-1.4s)

3.3s3 (0.067)

0.e6s (0.326)

2.287 (0.131)

1.00

1.00

1.00

2t6

11,6

100

1s0 1.00 t.07 0.3s0 (0.ss4)
(0.61-1.88)

* The model included terms for age, (gender), familial intestinal cancer, level of education, euetelet
index, alcohol use.

f Reference category.

Because we have observed a modification of the effect of selenium by the level of
intake of vitamin C and beta-carotene in a previous study on toenail selenium and ¡llnj
cancer (Van den Brandt et al., submitted for publication), we evaluated this possibiüt!
in_the current btudy also for stomach cancer. The results ãre given in table O where thå
relative rates of stomach cancer_per quartile (because of the imall number of cases) of
toenail selenium are presented for subjects with relatively low and high inøke of Jach
of the two vitamins, respectively. Only for vitamin Ç theie was some éuideo"e of effect
modification: the negative association between selenium and stomach cancer was
concentrated in the low vi111in C group, no statistical significance was reached. Among
subjects with a relatively high vitamin C intake the association between selenium anã
stomach cancer was inconsistent. For beta-carotene no indication for effect modification



was found, although the effect estimates were somewhat lower in the low than in the
high beta-carotene group.

Table 5. Relative rate of rectum cancer according to toenail selenium level in multivariate analysis*.

Quantile of toenail selenium level (boundaries in ¡.rglg) Test for trend
Tumor site No. of

cases 1f2
(<0.483) (s0.s30)

345
(s0.573) (s0.630) (>0.630)

N2 (p-value)

All cases
(95Vo CI)

Men
(9s7o CD

Womenf
(9sVo CI)

Excluding cases
from first yr of
follow-up

(es% cD

1..r3 0.s8
(0.6r-2.07) (0.27-1,.2s)

1.30 0.66
(0.66-2.s6) (0.28-1.s7)

0.82 0.44
(0.27-2.sr) (0.12-r.6r)

t02

70

32

1.00

1.00

1.00

1.19 1.05 0.047 (0.829)
(0.60-2.35) (0.54-2.03)

1.16 0.91 0.116 (0.733)
(0.s5-2.45) (0.41-2.00)

1.s8 1.204 (0.273)
(0.s9-4.22)

76 1.00 t.73 0.83 1.s8 1.r2 0.019 (0.890)
(0.8s-3.s1) (0.34-2.0r) (0.71-3.51) (0.4e-2.ss)

I

+

The model included terms for age, (gender), familial intestinal cancer, level of education, Quetelet
index, alcohol use.
Reference category.
Because of the small number of cases, use was made of quartiles instead of quintiles; quartile
boundaries \ilere: s0.4E7, <0.551, <0.612, >0.612 pglg.

Table 6. Relative rate of stomach cancer according to toenail selenium level by category of intake of
betâ-carotene and vitamin C.

Quartile of toenail selenium level (boundaries in pglg) Test for trend
Group No. of

cases
1* 2
(0.4n) (<0.ss1)

34
(=0.612) (>0.612)

x2 (p-value)

Betâ-cafotenef
I-ow*
(9sVo CI)

High$
(es% cD

Viramin C intake$
I-owt
(95 Eo Cr)

High*
(es% cr)

38

37

4I

34

1.00

1.00

1.00

1.00

0.57
(0.22-1.47)

0.70
(0.26-1.8e)

0.63
(0.28-1.45)

0.6s
(0.20-2.0r)

0.87
(0.34-2.2s)

0.98
(0.38-2.s4)

0.56
(0.21-1.48)

1,.21,

(0.43-3.38)

0.81
(0.31-2.10)

0.96
(0.3s-2.se)

0.66
(0.26-1.68)

1.46
(0.s4-3.92)

0.041 (0.83e)

<0.001(0.987)

1.13s (0.287)

1.113 (0.291)

* Reference category.

T Model adjusted for age, gender, pacþears of past smokers, pacþears of current smokers, level of
education, vitamin C intake.

{ I-ow and high are defined as the two lowest quintiles and the two highest quintiles of intake,
respectiveþ.

$ Model adjusted for age, gender, pacþears of past smokers, pacþears of current smokers, level of
education, beta-carotene intåke.



Discussion

In this prospective study we found suggestive, but inconsistent evidence for a
negative association between toenail selenium and the risk of stomach cancer, but not
for colon (after excluding cases from the first year of follow-up) or rectum cancer. The
negative association between toenail selenium and stomach cuoóer was only observed in
men. The number of female cases was too small to reach a more definitive conclusion
about the possible relationship.

Few prospective studies have been carried out on selenium status and the risk of
gancer of gastrointestinal sites. With regard to toenail selenium, only one other study
has been reported. In that prospective study among over 14,000 Dutch women, 36 case"s
of colorectal cancer were observed after a mean _fõllow-up of 5.g years (24). As in our
study, there was no evidence of an association with coloreõtal 

"uoi., 
in tùat'study. With

regard to serum selenium, a number of nested case-control studies have yielded'results
specifically for gastrointestinal cancers, albeit mostly for all cancers of the digestive traci
combined (9-12,14,15,17-19-32-3!). unfortunately, most of these studies o"nly present
information on the overall difference in mean selenium levels between óasäs and
controls, and no information on relative risks per quantile of serun selenium (due tothe small number of cases). Based on the difterences in mean serum seleniuÀ level
between cases and controls, in several studies the association with selenium was
stronger for gastrointestinal cancer than for total cancer (9,10,14,'!.5,19). In three other
studies, the association with selenium was less strong for'gastrointestiúal sites than for
all cancers combined (l1,lz,l9). In six reports (14,15;19,32--¡+) information is presented
for specific sites within the digestive traci. A nàgative associátion with serum selenium
was found for pancreatic canc€^r (L9p4), stomach cancer (19,32) and oesophag"ur uo¿
stomach cancer combined (32), while no (significant) 

'assdiation 
was foînd for

colorectal cancer in four studies (14,19,32,33). 
-The 

reports by Knekt et al. (19,32)
represent the largest prospective study to date on serum selðnium and the ìisk oî
gastrointestinal cancer. In that Finnish cohor! a significant association between serum
selenium and stomach cancer was found among men, with a relative risk for men in the
upp,er four quintiles compared to the lowest quintile of serum selenium of 0.14, utt"iu
median 8-year follow-up. For women, a nonsignificant negative association was found,
with 

.a corresponding relative risk of 0.28. Thus, while oir observation of a negatiue
association between toenail selenium and stomach cancer among men is ,upportËd by
the study of Knekt et al. (19), the findings among women seem to be in conirast witú
that report. frowever, our 

^result 
among women is based on only 20 cases; a larger

number of cases is needed for a more definitive conclusion. ror both colon and rectim
canceÍ' our observations of no effect are in agreement with the earlier studies using
seru_m selenium (14,19,12,33) and toenail selenium (24).

Whereas the toenail selenium levels seemed to 
'be'decreased 

by prediagnostic colon
cancer in ou1 study, this was not observed for stomach cancer. althóugh absence of an
effect ofprediagnostic 

91og:I has been reported often in the serum ,tidi"s, with regard
to overall cancer (9-,10,17-19), there are very few studies reporting site-specific uo"iyrl,in this respect. Nevertheless, our findingi with regard ìo edects oi prediagnóstic
stomach and colon cancer are supported by the resultJof the serum studies by I(iekt etal. (19) and the toenail study by van Noord (24). Thus, case-control studies on
selenium status and colon cancer need to be interpretód with caution.

- Following the observation that smoking ii negatively associated with toenail
selenjum levels (Van den Brandt et al., submiited for pubhcátion), we cannot exclude a
possible confounding effect of smoking on the associati,on betweeí toenail selenium and
stomach cancer. ffowever, we have attempted to control for smoking in our *"lyri" bt



using packyears of smoking instead of a crude categorization into never/ex/current
smokers; the negative association persisted after this tighter control for smoking.

In our previous study we observed that the negative association between toenail
selenium and lung cancer was modified by the level of intake of the antioxidants (35)

beta-carotene and particularly vitamin C (Van den Brandt et al., submitted for
publication). For stomach cancer, we also found some evidence for an effect
modification by vitamin C intake but it is less strong than for lung cancer. Because of
the differences in etiology of stomach cancer and lung cancer, it is difficult to
extrapolate from one site to the other. The discrepancies between the current finding
with regard to selenium may be partly explained by the fact that smoking is a less

important risk factor for stomach cancer than for lung cancer. Since smoking induces

oxidative stress (36,37), the effects of antioxidants and the interaction between them
(e.g., selenium and vitamin C) may be more evident for lung cancer than for stomach

cancer. For stomach cancer, the interaction between selenium and vitamin C may also

be of a different nature since the protective effect of vitamin C against this cancer may

have to do with its role in blocking the formation of N-nitroso compounds in gastric

conditions (33-40), which is independent of its antioxidative capacity.

In conclusion, we found a suggestive, but inconsistent negative association between

toenail selenium level and the risk of stomach cancer. The effect seemed only to be
present in men and there was some evidence for an effect modification by vitamin C.

I{owever, the number of cases is still rather small; a more definitive evaluation would
require a longer follow-up period. As in other studies, no association was found
between selenium status and colorectal cancer risk.
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Chapter L7

Toenail selenium levels and the subsequent risk of breast
cancer+

Abstract

The association between toenail selenium levels and subsequent breast cancer risk was
studied in a prospective cohort study on diet and cancer emong 621573 women aged 55-
69 years. Baseline exposure measunement included collection of toenail clippings,
assessment of dietary habits and potential confounders. After 3.3 years of fotiow-up,
471 microscopically confirmed incident breast cancer cases we¡e detected. toenali
selenium data were available for 355 cases and 1248 members of a randomly selected
subcohort of women. The relative rates of breast cancer in increasing qúintiles of
toenail selenium were 1.00, 0.72, 0.62,0.68 and 0.E4 (test for trend p=o.soz), wn¡le
adjusting for traditional breast cancer risk factors, alcohol and energr intake.
Selenium levels were sigrrificantty lower among cases diagnosed early duringiollow-up,
zuggesting an influence of prcdiagnostic breast cancer. After excluding cases occurririg
in the first year of follow-up, the relative rates of breast cancer in inðreasing quintileã
of toenail selenium weræ l.(X), 0.m, 0.76, 0.86, 0.91 (trend-p=9.61g). It is concluded
that selenium statusr as measurcd by toenail selenium, is not associated with breast
cancer risk

* Submitted for publication



Introduction

Studies among rodents have indicated a possible protective effect of selenium on
virally or chemically induced mammary tumours. In these studies, both the addition of
inorganic selenium (selenite, selenate) and organic selenium (yeast) in the diet have
shown a reduction in tumour yield (1-6). In ecological studies among humans, an
inverse association between per capita selenium consumption, blood selenium levels or
forage crop selenium content and breast cancer mortality has been reported (7,8).

However, case-control studies have yielded inconclusive results. While in some
studies serum selenium, a short-term marker of selenium intake, was significantþ lower
in breast cancer cases compared to controls (9-11), this was not true in another study
(12). Selenium in long-tenn markers, such as erythrocytes (12,13) or toenails (L2) was
not significantþ associated with breast cancer. In prospective cohort studies where
prediagnostic selenium status can be measured and thus information bias can be
avoided, the majority of studies indicates no association of breast cancer risk with
serum or toenail selenium levels (14-20). This latter marker has been suggested as an
indicator of long-term selenium status (21,22) and it reflects differences in selenium
intake (23,24). We studied the relationship between toenail selenium levels and the risk
of breast cancer in a prospective cohort study in the Netherlands, a country with a high
incidence of breast cancer (25) and a moderate selenium intake (26).

Methods

The cohort characteristics and the method of cancer follow-up have been described
before (21,28). Briefly, the cohort study started in 1986 when 58,279 Dutch men and
62,573 women aged 55-69 years were enrolled in the cohort. At baseline, cohort
members completed a self-administered questionnaire on usual dietary intake and
potential confounders and also provided toenail clippings. Following the case-cohort
approach for analysis of the data, a subcohort of 3,500 subjects (1688 men, 1812
women) was randomly sampled from the cohort after the baseline exposure
measurement. The subcohort has been followed up biennially for vital status
information in order to estimate the accumulated persontime in the cohort. Incident
cancer cases occurring in the cohort have been identified by record linkage to cancer
registries and a pathology register. The analysis in this report is restricted to the cancer
incidence in the recently completed 3.3 year follow-up period from September 1986 to
December 1989. The completeness of cancer follow-up was estimated to be 957o (29).
ln these 3.3 years of follow-up, a total of 553 breast cancer cases were detected among
the cohort of 62,573 v/omen. After excluding incident cases reporting a history of cancer
other than skin cancer in the baseline questionnaire (n=67) and cases with in situ
carcinoma of the breast (n=15), 47I microscopically confirmed incident breast cancer
cases were available for analysis. After excluding prevalent cases with cancer other than
skin cancer from the female subcohort of l8l2 as well, 1716 subjects remained in this
group. Toenail clippings had been provided by 374 breast cancer cases and 1322 female
subcohort members. Problems with the detection of toenail selenium (interference by
other elements such as calcium) occurred in 7 and 9 of these 374 and L322 specimens,
respectively. Another LZ and 65 specimens \ryere excluded from the breast cancer and
subcohort groups, respectively, because the specimens weighed less than 10 mg, which
would yield unreliable selenium measurements. Thus, toenail selenium data on 355
breast cancer cases and 1248 female subcohort members were available for analysis.

Toenail selenium analyses were carried out by the Interfaculty Reactor Institute
(IRI) at Delft University, the Netherlands. Each analytical batch contained toenail



specimens of cases and subcohort members, and the laboratory personnel conducting
the analysis was unaware of case or subcohort status. After cleaning and freeze-drying
of the specimens, the selenium content of the toenails was meÍrsured by instrumental
neutron activation analysis of the metastable-seleniuq-77 isotope.'The specimens were
irradiated for 17 seconds in a thennal flux of 1..2x10rr neutrons. s-r.cm-z. After a decay
time of 20 seconds, gamma radiation of 77-se was measured for 60 seconds. Thã
accuracy of the method was checked by analysis of a certified Bovine liver standard
(Standard Reference Material 1577a of the US National Bureau of Standards). For 26
determinations, a mean value (-r SD) of 0.70 t 0.04 pglg selenium was observed
against a certified value of 0.71 + 0.04 pglg. The precision of the method was evaluated
by duplicate selenium measurements of specimens from 27 randomly selected subjects;
the coefficient of variation was 6.6 percent.

Data analysis
Mean toenail selenium levels of breast cancer cases and subcohort were compared, as
well as the mean levels of case groups, after categorizing the cases according to year of
follow-up. In addition to the factors studied in a previously conducted study on
predictors of toenail selenium (30), we also evaluated a possible association between
toenail selenium level and traditional breast cancer risk factors. This was followed by
case-cohort analyses (31), based on the assumption that survival times weÍe
exponentially distributed in this follow-up period. For these analyses, toenail selenium
levels were categorized into quintiles according to the distribution in the female
subcohort. In the age-stratified analyses, we computed Mantel-Haenszel relative rates of
breast cancer for each of the quintiles, 957o confidence intervals, and tests for trend in
the relative rates (which were corrected for the additional variance int¡oduced by the
subcohort sampling). Similar analyses were conducted for traditional risk factors for
breast cancer in the groups of subjects with complete toenail data. In the multivariate
case-cohort analyses, relative rates (with corrected 957o confidence intervals and tests
for trend) of breast cancer were computed for each toenail selenium quintile, after
adjustment for the effects of traditional breast cancer risk factors and intake of energy
and alcohol. To evaluate the potential influence of prediagnostic breast cancer on
toenail selenium levels, analyses were also conducted after excluding cases occurring in
the first year of follow-up. The analyses were carried out using the GLIM statistical
package (32,33). Two-sided p-values are used throughout this report.

Results

The_ yeln (tSP) toenail selenium level in breast cancer cases was 0.569 (10.104)
pglg, while in the female subcohort members this value was 0.575 (t0.109) ¡rglg (øbÉ
1). \ilhen cases were cafegorized with respect to the year of follow-up in which they
were diagnosed, mean toenail selenium levels were increased towards later years of
follow-up. Cases in the first and second year of follow-up had significantþ lower toenail
selenium levels than cases diagnosed in subsequent years (table 1). This suggests a
possible modifying influence of prediagnostic breast cancer on toenail selenium level.

Toenail selenium levels were not sþnificantly associated with traditional risk factors
for breast cancer (results not shown), apart from smoking status, which had already
been shown to be predictive of toenail selenium levels (29). When an age-stratified
analysis of toenail selenium and breast cancer was conducted, the Mantel-Haenszel
relative rates were somewhat decreased in the upper four quintiles compared to the
lowest quintile, but only the relative rate of 0.64 in the third quintile was significantly
different from one. Also, the test for trend was not significant (table 2).



Table 1. Toenail selenium levels (¡rg/g) in breast câncer cases according to year of follow-up.

Group* No. of cases Toenail selenium level (¡rglg)

Mean t SD p-valuef

All cases

Year of follow-up
T

2
J

4

355 0.569 + 0.104

0.558 {- 0.11689
t17
126
23

0.031
0.557 + 0.091 0.022
0.583 t 0.108 -..r ¡
0.593 t 0.073 -1 -+

+ Mean (-È SD) selenium level in female subcohort members was 0.575 (t 0.109) pglg (n=1248).
t T-test between strata, based on ln-transfo¡med toenail selenium levels.
t Reference category.

Table 2. Relative rate of breast cancer according to toenail selenium level in stratified and multivariate
analyses.

Quintile of toenail selenium level (boundaries in pg/g) Test for trend
Type of
adjustment

1*2345X?(p-value)
(<0.49) (<0.s44) (<0.s8s) (<0.645) (>0.64s)

Age-stratified
No. of cases 87 66 57 ffi 79
(Person years (811) (813) (816) (813) (804)
in subcohort)
RRun
(95Vo Cr)

1.00 0.76 0.& 0.77 0.93 0.198 (0.656)
(0.s3-1.09) (0.44-0.e4) (0.s3-1.10) (0.65-1.33)

Multivariate modelf
No. of cases 67 48 46 49 60
(Person years (631) (628) (670) (643) (634)
in subcohort)
RR
(95Vo Cr)

1.00 0.72 0.62 0.68 0.84 1.044 (0.307)
(0.47-1.11) (0.40-0.e6) (0.44-1.05) (o.ss-t.n)

Excluding cases from
first year of follow-upt

No. of cases 44 39 37 40 42
(Person years (437) (436) (46s) (444) (438)
in subcohort)
RR 1.00 0.90 0.76 0.86 0.91 0.248 (0.ó18)
(95vo Cr) (O.ss-1.46) (0.47-r.23) (0.s3-1.39) (0.56-1.46)

* Reference category.
f The model included terms for age, history of benign breast disease, maternal breast cancer, breast

cancer in sister(s), age at menarche, age at menopause, oral contraceptive use, pârity, age at first birth,
Quetelet index, education, current cigarette smoking, intake of alcohol and energSr.



In the group of subjects with complete toenail data, the effects of the established breast
cancer risk factors were in_the,anticþated direction. After stratification by age, an
elevated risk was observed for those with a history of benign breast disease (lriantel-
Haenszel relative rate, RR=1.87; 957o confidence interval, cr, \.27 to 2.74), hìstory of
breast cancer in mother (RR=1.68; 957o cL,0.99 to 2.86) and history of bíeast 

"uo.",among one or more sisters (RR=1.76; 957o cr, L.l2 to 2.77). parity showed a
significantþ inverse association with breast cancer risk (chi for trend=-2.5-g; p=¡.61g¡.
Age at first birth was significantþ positively associated with the risk of breást cancór
(chi for trend=2.11' p=0.035, among parous only). Age at menarche was inversely
associated with breast cancer risk, although not significantþ (chi for trend=-"1,.3i;
p:0.187), whereas age , at menopause showed a borderline significant positive
association (chi for trend=1.90; p=0.057). No significant associations were oLserved
with menopause induced by hormones or surgically (RR:0.96; 957o cf., 0.69 to 1.32),
use of oral contraceptives (RR=1-02;95/o CI,0.76 to 1.37),level of education (chi fór
trend=0.365; p=0.71.5), current cigarette smoking (RR=0.98; 957o cr, 0.73 to î.:z¡ or
Quetelet index (chi for trend:-O.68; p=9.497¡.

When the association between toenail selenium and breast cancer risk was tested in
a multivariate model containing terms for the mentioned established and potential
breast cancer risk factors, energy intake and alcohol use, the relative àtes for
increasing quintiles of toenail selenium were estimated at 1.00, 0.72, 0.62,0.6g and 0.g4,
respectively (øble 2). Again, the relative rate in the third quintile was significantþ
below the null value, but the trend was not significant (trend-p:0.307). tWhen a similar
model was fitted after excluding cases diagnosed in the firit year 

'of 
follow-up, the

relative rates in the upper four quintiles were closer to the null value and the rèlative
rate in the third quintile no longer significant (table 2). Additional exclusion of cases
occurring in the second year of follow-up again yielded no association between selenium
and breast cancer (trend-p=0.577).

Discussion

We did not find a significant inverse association between toenail selenium level and
breast cancer risk in this prospective study among postmenopausal women, after
excluding cases occurring in the first year of follow-up. Our findings on lowered toenail
selenium levels in cases occurring early in the follow-up period are in contrast with
those of Hunter et al. (20), who reported no influence of prediagnostic breast cancer on
toenail selenium levels. However, in another cohort study, prevalent breast cancer cases
showgd slightly lower toenail selenium concentrations than incident cases (19). The
possible influence of prediagnostic breast cancer on lowering selenium status ìs âho in
accordance with observations on normal and tumour tissue of breast cancer patients,
indicating a sequestration of selenium by the tumour tissue (34). Furthermorê, it has
been found in case-control studies that plasma and erythrocyte selenium levels were
lowered only in cases with large tumours (12) and that selenium levels were inverseþ
associated with breast cancer stage (10). Given the possible modulation of selenium
status by prediagnostic breast cancer, the results of case-control studies are difficult to
interpret. case-control studies on serum selenium showed varying results (9-rz); a
possible e4planation for this might be a dissimilarity in the stage distribution of bíeast
cancer patients between the various studies. Case-control studies that have measured
erythrocyte selenium showed no association with breast cancer (12,13). Toenail
selenium was modestþ inversely related to breast cancer in a recent case-control study
(12). Indeed, if we would limit our analysis to the first year of follow-up onþ, thà



relative rate estimate for increasing quintiles of toenail selenium would be 1..00, 0.37,
0.39, 0.43,0.73, with the middle three estimates being significantly different from unity.

Two prospective studies on toenail selenium and breast cancer have been published,
both using a nested case-control anaþis. Hunter et al. (20) found no association
between toenail selenium and breast cancer in their study, encompassing 434 incident
breast cancer cases originating from a cohort of 62,647 US nurses after a follow-up of
4.4 years; there was also no association when pre- and posûnenopausal women were
analyzed separateþ. The study by Van Noord et al. (19) among 8760 premenopausal
women (27 incident cases after two years of follow-up) also showed no association with
selenium levels. Apart from these toenail studies, a number of prospectively nested
case-control studies using serum selenium have been conducted, from which specific
results on breast cancer risk have been reported (14-18). The follow-up periods covered
in these studies ranged from five (1a) to over L0 years (L5,L8). None of these serum
studies showed a significant association between serum selenium and breast cancer risk,
but it should be mentioned that the number of breast cancer cases in most of these
studies was too small to perfonn statistically meaningful analyses specifically for this site
(L4-17).

In conclusion, we found no evidence for an inverse association between selenium
status, as measured by toenail selenium levels, and the risk of breast cancer. The
relatively low toenail levels observed among cases occurring early during follow-up
illustrate the need to interpret case-control studies on selenium and breast cancer with
caution.
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Chapter 18

Epilogue

Instead of elaborating on all results described in the various chapters, the primary
obþctive of this epilogue is to evaluate the choice_fo conduct a prospective 

""nort 
rtuãy

rather than conducting several case-control studies. In additiðn, we will discuss thä
results on selenium and cancer now that the analyses of the relation between selenium
status and cancer sites of initial interest (stomach, colon, rectum, breast and lung) have
been completed.

Choice of study design

Textbooks o_n epidemiolog5r state that prospective cohort (follow-up) studies may
provide a better basis for inference than other types of epidemìologic reíearch, 

""diexperiments 
- 
(1). The reason for this is that ãàse-contiol studieã may suffár fro'm

lelection and information or recall bias, which are avoided in a prospective design.
Potential drawbacks of prospective studies - most of them related to itr" turg" ,"ãt"
required for such studies - include recruitrnent of a cohort of sufficient size, ¡oUãw-up i¡that cohort for the end-poinß of interest; the possibþ less accurati qssessment o¡ expoiuri,
and last but not least, the presumabþ high costs. Did the advantages ouiweigh the
disadvantages in the present prospective study as compared to a case-ðontrol stud-y? We
will attempt to formulate a (preliminary) answer by reviewing the points successiuJly. 

-

Selection bias

. Selection bias may operate in case-control studies if enrollnent of cases or controls
is associated with exposure, either direct or mediated by some other factor. Known as
well as unknown factors may introduce this type of biãs. If these factorr ur" too*o,
selection bias can be controlled by proper seleõtjon of case and control groups (2s). l;
prospective studies selection bias does not play a role, since cases orijinatà d".1¡i tt"
cohort. Substantial non-response of either cáses or controls in case-contiol studies may
also result in selection bias, since response may be related to the exposure of interesi
but differentially so for cases and controls. Foi example, in a recent ìase-control study
on oral contraceptives and breast cancer the non-respònders among the control subject's
appeared to have used less oral contraceptives than ihe responders] resulting in a låwer
relative risk estimate (a). In prospectivè cohort studies, úias due to non-response is
presumed to be absent, since there are no cases yet at the time of the baseline å*po"u*
measurement' Thus, although non-response may introduce selection that is related to
exposure' this is likely to- be independent of the (future) case status of the cohort
members and will, therefore, not introduce bias. 

'In 
cóhort studies, however, the

counterpart of selection bias due to non-response is exposure-related loss to follow-up;
this will be discussed later.

Information bias
Information bias is considered to be a more serious problem than selection bias in

some case-control studies, in particular in studies that assess dietary habits. Information
bias can arise as a result of altered dietary habits in cases due ío the disease under
;{{f (9.S1 cancers of the digestive tract). Even if the participant is asked to recall his
habits before the development of symptoms, recall bias may play a role since studies
have consistently shown that recall from the past is influenced'by current habits (5,6,7).



Studies on diseases that do not directly affect dietary habits (e.g., breast cancer) may

also suffer from recall bias, since cases may be more aware of their dietary habits and

more motivated to recall them. Although empirical evidence for the existence of
information bias in case-control studies on diet and cancer is limited, the plausibility of
its existence has been one of the main re¿rsons to launch prospective cohort studies (8).

Available evidence comes from two cohort studies. In the Nurses' Health Study, 398

breast cancer cases, who had completed a baseline questionnaire, again completed the
questionnaire after diagnosis of the disease. The relative risk for the highest versus the

lãwest quintile of fat consumption was 0.97 in the prospective analysis compared to 1.43

in the case-control analysis (9). A similar study did not provide evidence for recall bias

in a case-control study on breast cancer (10).
Prospective cohort studies, however, may also suffer from information bias, albeit

only biai due to a change in dietary habits caused by symptoms of prediagnostic

disease. In our data there was some evidence for this type of bias. For example, alcohol

and energy intake in men with colorectal cancer as well as toenail selenium in subjects

with breait and colon cancer appeared to be lower in cases diagnosed in the first year

of follow-up. However, this bias can be corrected by excluding cases with a short period

between baseline exposure measurement and diagnosis as we have done.

Choice of the study population and recruitment of the cohort
One of the attractive options in cohort studies compared to case-control studies is

that the investigator can choose the study population. Of course, the choice may also

depend on practical aspects of cohort recruitment and follow-up. Given the existing

opportunities in the Netherlands, we were able to assemble a cohort originating from
thé general population. Several well-known cohort studies from other countries have

made use of professional groups because sampling from the general population was not
feasible (e.g., Nurses' Health Study (11) or Health Professionals' Follow-up Study (12)).

Studying such groups, particularþ those occupied in health-related fields, may have

several advantages as compared to a general population cohort. Besides the availability

of professional listings for recruitment, and the ability of these subjects to complete
detãiled questionnaires, a very important point is the access to diagnostic information
that the investigators can obtain through cohort members (who can be both patients

and treating physicians). This enables the investigators to study a range of different
diseases (e.g., cancer, heart disease, osteoporosis, gallstones, hypertension (12-15))., A
final point is the lack of confounding by occupation which is imposed by the restriction
to the occupational group in the design.

However, studlng the general population has several important advantages as well
which, conversely, can be viewed as disadvantages of studying an occupational group.

First, the results may be more easily extrapolated to the population for which all the

research is meant. This may be important when translating the results into cancer

prevention progfams for the general public and when use is made of population
ãttrib,røble risks. Second, by studying the general population, one may provide a

greater contrast in the exposures of interest since diet is related to socioeconomic

iøtus. Furthetmore, it enables the investigator to study interaction between diet and,

for example, occupation in relation to cancer. Surprisingly, the fields of occupational

cancer research (i.e., dealing with occupation as possible cause) and dietary cancer

research are alnost totally separated, while it is not unlikely that these two exposures

may modify each others' effects on cancer risk. By studlng our general population
cohort, we were also able to assess effects of dietary exposures on cancer in men and

women simultaneously (e.g., selenium and various cancers, alcohol and colorectal

cancer). 'When cohort studies are conducted in certain professional groups these are

often iestricted to one gender. Subsequent comparisons of results from separate male



and female cohort studies may be more difficult to interpre! because different results
may be attributable to variations in design, exposure measurement techniques, quality
of follow-up information, and so on.

A third option is to recruit a cohort from an ongoing screening program (e.g.,
16,17). with regard to pros and cons this can be viewed as a mixtur" & tne'tõo
prwious options. The screening program is usually offered to the general population,
9lt UV the very nature.of the screening it is often limited to a pãrticular^génder. Á
distinct .adv,antage of this approach is that biomarkers of exposure ot rur".ptibility can
be obtained during the screening visit(s). These personal contacts also facili}te fó[ow-
up of the cohort members. Ilowever, because screening programs are gradually
introduced into the population, more time is needed to asiemblJ the total cõhort. ti
the first years of a study this may be a disadvantage since it takes longer until a
sufficient number of cases has emerged. Also, the staggered entry and iiclusion of
expensive biomarker measuÍements often results in somewhat smallei cohorts.

Some cohort studies have created a greater contrast in dietary exposure by
including vegetarians (ts). w9 have also made an attempt to overrepresent vegeørians
in the cohort. Since the population registries do not contain such dãta, we hai to call
for participation in magazines, and in leaflets displayed in health food stores and
packaged in vegetarian products. Although vegetarians could potentially be
overrepresented by a factor five at most, as was deducted from the oÙservation that
207o of the vegetarians who applied for participation were also present in the random
sample .from- the general population, the specially recruited vegetarians increased the
proportion of vegetarians in the cohort from 1..0 to 1.2% only. Nãvertheless, this implies
that in a cohort of 120,000 people a substantial number ij vegetarian; 

^ft", 
a longer

follow-up period it will be interesting to study cancer incidence In this particular gtoip.
The unsuccessful attempt to overrepresent vegeta¡ians does illustrate, ho*euer] hoï
inefficient such recruitment procedures are: (a) response to the call ior particþation
was extremely low in comparison with the population sampled from thó popúl"tioo
registries, who received a personal invitation letter; (bi although the 

"älh fo,
participation included criteria, such as age and residence, one third*of the applicants
did not meet the criteria; (c) the names, birth dates and addresses provideå'by the
applicants were often incomplete, illegible or.incorrect, resulting in decieased r"orítirity
of record linkage with the cancer registries. Thus, the yiãta of this recruitmeni
procedure (larger contrast in dietary habits) relative to the amount of work involved
was very low. In contrast, sampling of the general population from the population
registries appeared to be extremely efficient, even *hén we take into account the
relatively high costs of sampling and the rather low response (3680). The advantages,
i.e. selection of the required age group, complete and ðorrect'idenii$,ing informaiion
not requiring computer entry, outweighed the disadvantages (costs) bi f;. In 19g5, it
appeared to be relativelY 

"TV 
to get permission from the municipaútiei to draw a laige

sample, since only 77o of. the municipalities refused. since then, however, privaãy
regulations have become more riged, resulting in less efficient procedures or even thä
impossibility of sampling. For epidemiologic research this is a very unfortunate
development which can only be diverted when researchers and administrators would
agree on guidelines for handling privacy-sensitive (identi$,ing) information.

FolIow-up
Completeness of follow-up is important in prospective studies for two reasons: (l)

loss to follow-up may introduce (positive or negãtive¡ bias into the results, if this loss ii
related to the exposure of interest and (2) loss to follow-up that is random, i.e. not
dependent on the exposure of interest leads to loss of effiiiency (power), since less



cases with the disease of interest are identified. In our cohort study, loss to follow-up
appeared to be very small as a result of a high degree of coverage by the cancer
registries and PALGA and high accuracy of the record linkage. We therefore conclude
that bias or decreased efficiency due to loss of follow-up is no issue in this study.

The follow-up procedures appeared to be very feasible, although time had to be
invested in the development of record linkage procedures. It appeared that in a
relativeþ short time period, the cancer registries have successfully organized the data
collection and in such a way that epidemiological studies like this cohort study are
greatly facilit¿ted. In this respect the patient-based cancer registry data require less
work for the investigators than the specimen-based PALGA data. In the PALGA data
base multiple pathology reports of one patient are stored as separate records without a
patient identification key, requiring extensive procedures using additional identi$ing
information to assign records belonging to a specific patient. The diagnostic information
of the aggregated records then has to be coded per tumor site into ICD-Oncology. The
efficiency of this procedure could be improved substantially if pathology laboratories
would label records as belonging to a particular patient. Nevertheless, the PALGA data
were of great importance for us, given our interest is in microscopically confirmed
cancers, because the cancer registries were not yet fully covering the whole country at
the start of the study. An additional advantage of PALGA is that the data are available
shortþ after diagnosis.

The possibilities for follow-up through cancer registries and PALGA contrast
sharply with follow-up for causes of death. Although privacy considerations are likely to
be even more important for incident cancer data than for mortality data, privacy
regulations have been formulated such that they do not hamper use of the cancer
registries and PALGA for prospective studies. Unfortunately, record linkage of cohorts
to the national data base of causes of death, maintained by the Central Bureau of
Statistics, is hindered by privacy arguments (19).

Assessment of exposure
Large-scale cohort studies have to assess exposure using relatively inexpensive

methods that do not require involvement of personnel such as interviewers. For dietary
assessment, a self-administered food frequency questionnaire is then the method of
choice. Compared to case-control studies, in which a more elaborate, interviewer-
administered method of diet assessment can be used, the food frequency questionnaire
may be less accurate. Although many data are available on the validity of food
frequency questionnaires, such data are scarce for the more elaborate methods.
Pietinen et al. (20) used an extensive, interviewer-checked, questionnaire with picture
booklets. Its validity, as compared to a diet record method, however, is similar to the
food frequency questionnaire (FFQ) used in our study. Van Beresteijn et al. (21) used a
very comprehensive diet history method. Its reproducibility, which may give an
indication of the validity, is substantially higher than that of our FFQ. We may
conclude that a FFQ is less accurate than an extensive, interviewer-administered
method. The consequence is that the observed associations between diet and cancer are
somewhat more attenuated, requiring larger numbers of cases (22,23). For example,
Walker and Blettner (20) have calculated that in a cohort study 507o more cancer cÍrses

are required to account for an assumed 0.10 decrease in correlation between the FFQ
and "true" intake as compared to the correlation between an elaborate method and
"true" intake. Although it is possible to correct relative risk estinates that are
attenuated by imperfect measurement methods, it is important in this respect that the
estimates should not biased by selection and information bias (23).

An advantage of case-control studies is that biomarkers of exposure (given that they
represent long-term status and are not influenced by disease) can sometimes be



included in the exposure assessment, whereas this is momentarily often too expensive
for large-scale cohort. studies. An exception to this rule may be provided by cohorts
recruited from screening programs, for which exposure and úiomaiker assessirent can
be combined with the. screening. We also coìsidered the possibility rf ir"f"air!
biomarkers of exposure.T o]t cohort study. In a pilot srudy we itu¿ie¿ ti" r"urlirityãr
including the following biochemical parameters: fècal pH, oitrit" 

"oo""ntration 
of saliva

and selenium concentration in toenails. The pilot study showed that assessment of fecalpH 9nd salivary nitrite by the participants (using test strips) led to considerable
misclassification when comparing it with the laÙoratory analysås'of the returned stools
and saliva specimens, respectively (z!p5). only toenail specimens appeared to be
feasible to collect on a large scale. This ituay ñas shown the potential usefulness of
toenails in epidemiologic research. There is clearly a need for developing more
exposure biomarkers that reflect the long-term st¿tus of particular nutriãnts or
metabolites and have an established feasibility in (large-scale) epidemiologic studies.
Likewise, there is a need for studying feasibility arþects, souíces-of variatián and, in
particular, the predictive value of disease biomaricers126,2T).

Conclusion
Consid_ering the points discussed above, we think that this cohort study has already

outweighed a case-control study on diet and cancer as far as the methodológical urp""ti
are concerned. Furthermore, the conduct of the study appeared to be vãry teasi¡te.
With respect to the costs, we have calculated that for-the iirst five y"u6 of follow-up
the cost per case of breas! stomach, colorectal and lung cancer amounted to
approximately NLG 1000. Prolongation of follow-up of the co-hort will further reduce
the cost invested per identified case. We had to devote much time to development and
validation of methods, e.g., the di9øry questionnaire and its further processing and the
record finkage to the cancer registries and PALGA. It is to be expected th=at future
epidemiologic (cohort) studies may benefit from this work.

Selenium and cancer

Following observations on a possible protective effect of selenium in animal studies
and ecological studies among humans, á large number of prospective cohort studies
have been conducted in the 1980s on the hypothesized inversô association between
serum selenium and Tn::t risk. Although the cohorts studied were considered large,
the actual number of incident cancer cases was rather small. Therefore, in virtualþ?Ï
of these cohort studies analyses focused on selenium and overall cancer risk. the site-
specific number of cases was usually too small to perform statisticalþ m"aningfol
analyses, with the exception of the Finnish cohort stuày by Knekt et al. (2g) and"the
Washingto¡ County cohort (29). The informativen"rr oi relationships *iín g-"tun
cancer risk is limited, since it is unlikely that a single (nutritional) factor would be
protective against all or most types of cancer. Indeãd, the etiology of most cancers
seems to be so variablg^Jhat it would be very fortunate if a ubiquitous cancer-preventive
agent would exist. Differences in results between the conducted cohort itudies on
selenium and cancer risk may therefore be partially explained by differences in
distribution of the tumor site. The sample size of r"tu- ,"l"nium studies is usually
limited, because of the ilya-sive. sampling and logistic problems (collection, ttuorpori
storage). Collecting toenail clippings is more attractive bècause sampling is noninvÅive,
collection can be done by study subjects themselves, transport uy mál pã.", oo prout"¡'
and specimens can be.stored at room,temperature. Furthãrmorä, they reflect loïg-term
selenium status and differences in selenium intake (8). A recent study among F"innish



men also showed that toenails reflect selenium intake from diets rich in organic
selenium compounds (the predominant form in the human diet) but not from inorganic
selenium compounds such as selenite or selenate (30). The collection of toenails hence
enables investigators to assemble a larger cohort and consequentþ perform site-specific
analyses. Indeed, two prospective studies on breast cancer and toenail selenium have
been published previously (17,31).

When studying the association between selenium and cancer, this should preferably
be done in a setting in which sufficient variation in selenium levels exists between
individuals and where selenium intake may be limiting. In this respect, it has been
noted (32-34) that discrepancies in the findings from the cohort studies may partialþ be
explained by differences in the range of selenium levels that has been investigated in
the various countries. The lowest mean serum selenium levels have been reported from
Finland and New Zealand, whereas in North Americans the levels are two or three
times higher (35). Indeed, most of the studies that show a negative association originate
from Finland where selenium intake used to be low (28). Selenium levels in the Finnish
population have recentþ increased, following the use of selenium-enriched fertilizer to
increase the selenium content of the soil, and consequentþ of foods (36). Studying the
relationship between selenium and cancer was also interesting in the Netherlands,
because the estimated intake is moderate and serum selenium levels are intermediate
between those reported from New Zealand and those in the USA (37), as we found for
toenail selenium levels (38).

The postulated mechanisms by which selenium may exert a beneficial effect include
altered metabolism of carcinogens, reduction of the mutagenicity of carcinogens,
inhibition of cell proliferation, stimulation of the immune system and protection against
oxidative damage via the selenoenryme glutathione peroxidase (34,39,40). The latter
mechanism has received most attention. If selenium indeed would be protective against
oxidative stress, studying smoking-related cancers might be informative since smoking
induces oxidative stress (4L,42). Now that we have studied the association between
toenail selenium and the risk of several cancers simultaneously after 3.3 years of follow-
up and can compare these results, such a pattern indeed seems to emerge: the inverse
association with selenium is present in cancers of the lung and stomach, where smoking
plays a more important role in the etiology, whereas it is not seen in the other cancer
sites studied, i.e. breas¡ colon, rectum.

This pattern is in line with site-specific results from other studies. Knekt et al. (28)
observed the strongest association with serum selenium for lung, stomach and
pancreatic cancer in Finland, while in the Washington County cohort significant inverse
associations were found for pancreatic and bladder cancer but not for lung cancer (29).
In the majority of the other, smaller, cohort studies a nonsignificant inverse association
with lung cancer was seen which was often stronger than for total canoer. Finally, the
risk of oral cancer, another smoking-related cancer, was inverseþ related to toenail
selenium levels in a recent case-control studg this association was further modified by
the level of vitamin C intake (a3). We also found evidence of a modification of the
effect of selenium by the antioxidant vitamins C and ß-carotene, which lends additional
support to the antioxidant hypothesis regarding selenium and cancer. We could not
evaluate possible effect modification by vitamin E, since data on vitamin E content are
currentþ not available in the Dutch NEVO food table. This is unfortunate, since an

interaction between this antioxidant vitamin and selenium has been described in several
studies regarding overall cancer risk (28,44-46). Extending the food table to vitamin E,
other antioxidants and (yet) nonnutritive elements is warranted, as is further study of
the interactions between antioxidants such as vitamin C, vitamin E and selenium with
regard to cancer risk.



Of course, a disadvantage of our study is that no definitive conclusion can be drawn
about a true independent inverse association of toenail selenium with lung and stomach
cancer. Although we have controlled for smoking in our analyses fairþ rilgorousþ using
pack-years of current and past smokers, residual confounding by smoking canïot bã
excluded, given the observation that smoking is inversely relaied- to toenail and other
selenium status parameters (8,38,47). Therefore, it may be that a low toenail selenium
level is only a consequence of smoking and that it has no independent contribution to
the occurrence of these tumors. We did find an inverse association between toenail
se.lenium and lung cancer within categories of smoking (never/ex/current), but it is then
still possible that heavy smokers have both the lowest selenium levek ánd the highest
cancer risk. A randomized controlled trial would be needed to solve this issue irore
definitiveþ; several trials have been considered (34,48-51).

Finally, a criticism of our selenium analyses may be the relatively short follow-up
time of 3.3 years. This potential problem was addressed by evaluatíng mean toenail
selenium levels of cases occurring in each of the years oi fouo*-upl as well as by
excluding cases diagnosed in the first year of follow-up from the rehúve risk analyses.
only for breast and colon cancer toenail selenium levels appeared to be decreaseâ by
prediagnostic cancer, which may be due to lowered selenium intake, altered absorption
and excretion .or sequestration by the tumors (33,52,53). Because we did not fini an
effect of prediagnostic stomach cancer on toenail selenium levels, the first possibility
seems less likely for breast and colon cancer. Nevertheless, the lowered selenium levels
of breast and colon cancer cases occurring early during follow-up indicate the need to
interpret case-control studies on this issue with caution. The number of stomach cancer
cases after 3.3 years of follow-up was still rather low for anaþing the association with
toenail selenium. For this site, as well as for other, less frequent siies a longer follow-up
period is warranted to study the relationship with selenium status in u -õr" definitive
way.

Also, when more cases are available, it will be possible to evaluate more fully effect
modification by other antioxidants. The size of most epidemiological studies prächdes
an investigation of interaction between several exposures. The sizé of our cohoit is such
that, with a sufficiently long follow-up, effect modification can be studied with regard to
the occurrence of cancer. What becomes more important then is inforrnation ãn the
reproducibility of toenail selenium levels over time (31). Included in our dietary
reproducibility study was a collection of toenail clippings. Due to a lack of funds wä
have not yet been able to assess the reproducibility using these five repeated
measurements. Information on intraindividual variation (of exposure and covariates)
can be used to correct relative rates for attenuation. This requirãs further developmení
and use of statistical methods that take into account random errors in both exposure
and. covariates. (54,55). Irrespective of whether selenium will be shown to be proìective
against (smoking-related) cancers such as lung cancer, it is important to note that the
magnitude of the smokingJung cancer association is much stronger than that between
selenium and lung cancer. Cancer prevention through smoking reduction therefore
remains substantially more important.

Concluding remarks

Many epidemiologists and textbooks commonly recommend prospective
investigators to use a prospective study design to avoid several biases and ìo c-onduct
pilot studies to develop the methods of data collection. Fewer recommend their
colleagues also to document the validity and reproducibility of these methods, as
applied in the actual epidemiological study. This latter point is clearly appreciated by



methodological investigators but much less so by funding agencies. Furthermore, the
general rule of funding research projects for four years is hardly compatible with
conducting a truly prospective study with sufficient follow-up time. This then usually
leads to carrying out a case-control study or may lead to a prospective study with an
unrealistically short follow-up with low power and, depending on type of exposure,
interpretation problems similar to case-control studies.

'We have conducted a prospective cohort study on diet and cancer that would both
yield a number of answers to diet-cancer questions in a relatively short period of time
and satisf methodological interests. Conducting such a study in four years is
impossible, certainly after incorporating a number of methodological substudies.
Fortunately, the Dutch Cancer Society has been supporting not only a two-year pilot
study but also two four-year periods during which the actual cohort study was initiated
and carried out so far. The methodological substudies, some of which have been
financed by our own institutes, included testing the feasibility of a cohort study in the
Netherlands, developing and testing the dietary questionnaire both in terms of validity
and reproducibility, development of the record linkage for cancer follow-up and
development of methods for statistical analysis of case-cohort studies. Conducting such
methodological investigations has several advantages for the cohort study itself. They
can be viewed as prerequisites for the interpretation of the results of the main study,
because they give information on the quality of the various aspects of the study. This
information can also be useful when the data from the cohort study are being used
together with those of other studies in pooling or meta-analyses. We are currently
participating in a pooling project on diet and various cancers in which data from five
North American cohorts, one Swedish cohort and our cohort are anaþed in a
collaborative effort. Particularly with regard to less frequent tumor sites, such an
approach can, in addition to the individual studies, yield more definitive information on
the relationship between diet and human cancer.

This thesis contains the first results of analyses of a number of diet-cancer
relationships, conducted after 3.3 years of follow-up. With continued follow-up of the
cohort, the study can be extended to the analyses of various other associations between
diet (nutrients, non-nutritive factors, foods, dietary patterns) and the risk of common as
well as rare cancers. Also, interactions between dietary factors or between diet and
other factors (e.g., smoking, occupation) in relation to cancer risk can be investigated in
more detail.
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Summary

various types of cancer are thought to be related to dietary habits, but the
epidemiologic evidence, (mostly from case-control studies) is not ul*ays consistent. A
prospective cohort study avoids at least one of the possible sources óf inconsistency,
namely retrospective assessment of dietary habits, which may introduce recal åi
information bias. However, required budget and time or feasibiliÇ considerations often
preclude the conduct of such a study. In the Netherlands, the ópportunity existed to
efficiently recruit a cohort from the general population and, morõ-importántly, to use
the newly established cancer registries and PALGA (a computerized datä|ase of
qStholoqf.r.eports) for fg]low-up. This thesis describes a prospèctive cohort study on
dietary habits and the risk of cancer, conducted in the Netheriands since 1986 u-oog
more than 120,000 men and women. Methodological issues, such as the design of thã
study and the development and validation of methods used, form a substantiãl part of
the thesis. First results after 3.3 years of follow-up are also presented.

The design of the prospective cohort study is presented in Chapter 2. In September
1986, a cohort on 58,279 men and 62,573 women, aged 55-69, was recruited from 204
municipal population registries. The participants completed a self-administered
questionnaire on dietary habits and potential confounders (e.g., smoking, occupation,
education, reproductive variables); about two-thirds of thèm ako prJnia"A ioenaii
clippings, which were used to assess their selenium status. The initiai interest was in
stomach, colorectal, breast and lung tumors. To reduce costs, a case-cohort approach
was applied in which a subcohort of 3500 subjects (16gg men, 1g12 women) was
randomly 

_ 
sampled from the cohort and followed up' for vital status bienniaíy to

estimate the person-time accumulated in the entire cohìrt. T\e 204 municipalitie, í"r"
selected on the basis of two criteria: (a) availability of a computerized^ population
1"g1ttg - for practical reasons - and (b) sufficient coverage by cancer registrìei and/or
PALGA to minimize loss. to follow-up. The estimation of the coverage of the
mrrnicipalities by these registries using hospital discharge data is being dJscribed in
Chapter 3. [t was estimated that the mean coverage degree of the cohõrt sample was
98.57o at the start of the study and was 1007o complete in 19gg.

Chapter 4 describes the development of a protocol, in collaboration with the IKL-
cancer registry, to link the cohort to the cancer data contained in the cancer registries
and ?ALGA. The optimal procedure starts with a computerized linkage using a key
consisting of encrypted information on the first four charaìters of the fañiry nañe, datå
of birth.and gender to match a cohort member to a cancer patient. Subséquent visual
verification with additional identifuing information (place of birth, migiation, first
initial)- is used to separate computer matches into truã and false positive-matches. In
the pilot linkage with this protocol, a sensitivity of 987o was acñieved, whereas the
predictive value of (definitely) accepted matches was 1007a. The protocol has
subsequently been ado.pt-ed by all cancer registries and PALGA which have performed
record linkages periodically.

.- An importarf aspect o-f tfig study was the assessment of usual dietary intake. In a
pilot study in 1984-85 detailed dietary history interviews had been conductád among 169
men and women in the age range of the cohort. Regression analysis was employãd to
select from the data set those food items that contributed móst to interindividual
variation in intake of the 15 nutrients of primary interest. A tot¿l of 150 selected food
items we,re incorporated in a semi-quantitative food frequenry questionnaire, which was
pretested twice. The validity and the reproducibility of the- self-administered food



frequency questionnaire (FFQ) are described in chapters 5 and 6, respectively. The
validity was investigated. in a.subgroup of the cohort (59 men and 50 women) two years
after tle baseline questionnaire was completed. A dietary record, kept over íhree S-day
periods, four to five months apart, served as reference method. Pearson correlation
coefficients between nutrient intakes assessed by the record and the FFQ completed
afterwards ranged from 0.40 for vitamin B-1 to 0.86 for alcohol intake, with correlãtions
for most nutrients between 0.6 aid 0.8. Adjustment for energy int¿ke and sex did not
materially affect these correlations, except that for fat intake, which changed from 0.72
to 0.52. To evaluate the representativeness of the validation study population for the
entire cohort, their baseline questionnaires were compared to those oi a random sample
of the cohort. Correlation coefficients were only slightþ modified when the results wère
extrapolated to the cohort atlarge.

The reproducibility of the FFQ was determined from five annually repeated
questionnaire administrations in independent random samples from the cohort. Pãarson
correlation coefficients between the baseline and the repeated measurement of nutrient
intake were calculated for each time interval, i.e. ranging from one to five year. Linear
regression of the correlation coefficients on time interval provided estimates of the test-
retest correlation of the FFQ (intercept of the regression line) and of the decline in
correlation over time (slope). The test-retest correlation averaged over all nutrients was
0.66. The decline in correlation amounted on average to 0.07 after five years. It was
concluded that the food frequency questionnaire is able to rank subjects according to
intake of food groups and nutrients and that this capacity was maintained over time.
Thus, a single baseline measurement with the FFQ is a good indicator of dietary habits
over a period of at least five years.

Besides exposure information obtained by questionnaire, we also collected toenail
clippings as a biomarker of the nutritional status of certain trace elements, in particular
selenium. Toenail selenium levels and questionnaire data of subcohort members *ere
used to identify potential determinants of toenail selenium in men and women, which
may act as potential confounders in subsequent analyses of selenium and cancer risk
(Chapter 7). Toenail selenium data were available lor 2459 subcohort members. This
analysis revealed that smoking, gender and selenium intake were independentþ
associated with toenail selenium levels, whereas age, alcohol intake and Quetèlet index
were not. Current smokers showed lower selenium levels than non-smokers or past
smokers; men showed lower levels than women. Selenium intake was weakly positfvely
associated with toenail selenium levels.

When collection of biomarkers on a large scale is not feasible, biomarkers may be
used to validate other exposure measurements. In this respect, nitrate levels from two
overnight urine specimens were compared with nitrate intake information obtained by a
semiquantitative food frequency questionnaire in a comparable cohort study on diet ánd
cancer in the United States (Chapter 8). After correction for within-person variation in
urinary excretion, the partial coefficient between dietary and urinary nitrate was 0.59.
These data suggested that a self-administered questionnaire may provide useful
information on usual nitrate int¿ke. In addition, these resultr *er" used in the
construction of the Dutch cohort questionnaire.

In case-control studies, cancer cases may recall previous dietary habits (i.e., before
diagnosis) differentþ from control subjects without cancer, leading to information bias.
One of the reasons this might occur is that dietary habits were altered due to the
disease. To test this assumption, we compared a cross-sectional analysis of the
association between meat cônsumption and the prevalence of breast or colorectal
cancer (both at the time of baseline measurement in the cohort) with a longitudinal
analysis taking timing of a change in meat consumption frequency in relation to the



date of cancer diagnosis into account (Chapter 9). These analyses revealed that meat
consumption decreased substantially after cancer is diagnosed, which complicates the
interpretation of cross-sectional and possibly case-conhól studies, since the recall of
past dietary habits is influenced by current habits.

The method of statistical anaþsis of case-cohort studies is presented in Chapter 10.
The chapter concentrates on methods for stratified analysis and- regression analysis. The
proposed methods were illustrated with the analysis of a weil-Èno*n ursociation in
cancer epidemiology, namely that between smoking habits and lung cancer. The case-
cohort lnalysis of our cohort data confirmed the strong posìtive dose-response
relationship between smoking and Iung cancer. compareð tã never smokers-, the
incidence rale of lung cancer was estimated to be 3.6 and 9.8 times higher for pasi and
current smokers, respectively.

In Chapters 11-17, analyses of diet and cancer relationships are presented. For this
thesis cancer follow-up data are used from the period Septem-ber 1986-December 19g9.In this 3.3 year period, the following numberJ of micrôscopically confirmed incident
cancer cases were detected in the cohort: 155 stomach, 313 cólon, i66 rectal, 47L breast
and 552 lung cancer cases. Regarding person-time, there were no subcohort members
lost to follow-up in these 3.3 years.

Chapter 11 deals with the association between dietary fat and breast cancer. For
this analysis dietary data were available for 437 incident breast cancer cases. No
significant associations with breast cancer risk were detected for total fat,
monounsafurated or poþnsaturated fat. For saturated fat, there was some evidence for
a weak positive association but its statistical significance was inconsistent. While this
anaþsis did not support a major role of dietary fat in the etiology of breast cancer, it
confirmed previousþ reported associations witL nondietary breaãi cancer risk factors.
Elevated risks were found for women with a family history bf breast cancer, a history of
benign breast disease, an early menarche and a lâte m"oopurrr", while decreased risks
were observed for those with an early first pregnancy and high parity.

Chapters 12 and 13 describe the relationship between colorectal cancer risk and the
consumption of alcohol and meat respectively. After exclusion of cases diagnosed in the
first year of follow-up, the analysis of alcohol consumption was based on Ztl incident
cases of colon cancer and 113 cases of rectal cancer. For colon cancer, no association
with intake of alcohol nor with the consumption of beer or wine could be
demonstrated; for liquor_ a statistically significant decreasing risk with increasing
consumption was observed. For rectal cancer in men, positive tiends were observed foi
alcohol, beer and liquor. Multivariate models including alcohol intake and one Ueverage
type at a time showed that the increased risk was mãinty restricted to consumption ät
beer; the relative rate (RR) of beer drinkers compared to non-beer drinkers was 1.9.
Results for rectal cancer in women were consistent with those in men, but data were
too scarce to provide stable estimates. It was concluded that only consumption of beer
appeared to increase risk of rectal cancer, but not colon "uo*t. It wås speculated
wherher the high nitrosamine content of beer in the past has caused the increaied risk.

The association between the consumption of meat and cancer of the colon was
based on 215 incident cases, excluding thoie diagnosed in the first year of follow-up. No
trends in relative rates were detected for intake of energy ooi fo. energy-adjisted
intake of fats, protein, fat from meat and protein from me-át. consumption--of lfresh)
meat, beef, pork, minced meat, chicken and fish was not associated wiih risk of coloí
cancer either. Meat products, however, were shown to increase risk in men and women
(RR:1.17 per 15 elday).



Risk of colorectal carcinoma after previous gallbladder surgery was investigated in
478 incident cases of colorectal cancer, 64 of whom reported at baseline to have
undergone previous gallbladder surgery (Chapter 14). The relative rate for colorectal
cancer in subjects who had undergone cholecystectomy compared to subjects who had
not resulted in an RR of 1.8 in men and 1.5 in women. In women, the highest RR (1.9)
was detected in the right colon, whereas in men, no site within the large bowel
accounted specifically for the increased relative rate. In both men and women, the
relative rate appeared to increase from approximately six years after cholecystectomy
onward. According to the TNM stage of the disease, cholecystectomized patients were
not detected in an earlier stage than the other patients. It was concluded that the
positive association between colorectal cancer and cholecystectomy could not be
explained by detection bias or ascertainment bias and was not confounded by risk
factors for gallstone disease or by dietary factors.

In Chapters 15-17 results are presented on the association between toenail selenium
and the risk of lung, stomach, colon, rectal and breast cancer. Toenail selenium data
were available for 370 incident lung, 104 stomach, 234 colon, 113 rectal and 355 breast
cancer cases. After controlling for smoking and various other factors, a significant
inverse association was observed between toenail selenium levels and lung cancer risk
(Chapter 15), with a RR of 0.50 for those in the highest selenium quintile compared to
those in the lowest quintile. The inverse association was found in both men and women
and persisted after excluding cases diagnosed in the first year of follow-up. The
protective effect of selenium was concentrated in subjects with a low intake of ß-
carotene and, in particular, vitamin C. This effect modification by vitamins with
antioxidant properties supports the hypothesized anticarcinogenic effect of selenium
based on its role in the cellular antioxidant system. For stomach cancer, suggestive, but
inconsistent, evidence was found for an inverse relationship with toenail selenium
(RR:0.6 for highest vs. lowest selenium category). The effect was only seen in men
(RR:0.4), but the number of female cases was too small to draw more definitive
conclusions about a possible gender specificity of the effect (Chapter 16). Although
there was some evidence for modification of the effect of selenium on stomach cancer
risk by the level of vitamin C intake, this was less clear than for lung cancer. This may
be related to differences in etiology of lung and stomach cancer and in the importance
of smoking as a risk factor. For colon and rectal cancer, no association was found
between toenail selenium status and cancer risk. As for colon cancer (but not for lung,
stomach and rectal cancer), breast cancer cases diagnosed in the first year of follow-up
showed lower toenail selenium levels than cases diagnosed in subsequent years,
suggesting an influence of prediagnostic disease (Chapter 17). After taking this into
account, there was no association between toenail selenium and breast cancer risk. The
observations on the tumors studied are in line with those of other reports and suggest
that selenium status is inversely related to canc€rs of the upper digestive tract as well
as to lung cancer, which are associated with smoking. Our observations on the possible
influence of prediagnostic disease also illustrate the need to interpret case-control
studies on selenium and certain tumors with caution because of the likelihood of
information bias.

While this thesis is limited to results of several diet-cancer analyses after 3.3 years
of follow-up, continued follow-up of the cohort will enable the investigation of various
other associations between diet (nutrients, non-nutritive factors, foods, dietary patterns)
and the risk of common as well as rare cancers. AIso, interactions between dietary
factors or between diet and other factors (e.9., smoking, occupation) in relation to
cancer risk can be investigated in more detail.



Samenvatting

Een aantal soorten kanker wordt in verband gebracht met voedingsgewoonten,
maar resultaten van epidemiologisch onderzoek (meestal patiënt-controle onderzoeken)
zijn niet altijd consistént. Een prospectief cohorànderzoek vermijdt tenminste êên vai
de mogelijke bronnen van inconsistentie, namelijk het vaststellen van iemands
voedingsgewoonten in het verleden dat tot vertekening van het onderzoeksresultaat kan
leiden (informatiebias). De kosten, de tijdsduur en de praktische uitvoerbaarheid
verhinderen echter meestal dat zo'n onderzoek wordt opgezet. In Nederland bestond
gelegenheid om op een efficiënte wijze een cohort uit de algemene bevolking samen te
stellen en - van nog groter belang - voor het vaststellen van kanker gebruik te maken
van de pas opgezette kankerregistraties en PALGA (een computerbestand van p.a.-
rapporten). Dit proefschrift beschrijft een prospectief cohortonderzoek naar de reiatie
tussen voedingsgewoonten en het risico voor het krijgen van kanker, dat sinds 1986
wordt uitgevoerd onder meer dan 120.000 Nederlandse mannen en vïouwen.
Methodologische onderwerpen, zoals de onderzoeksopzet en de ontrvikkeling en
validering van methoden die in het onderzoek worden gebruikt, vonnen een belangrijk
onderdeel van het proefschrift. Tevens worden de eerste resultaten na een follow-up
periode van 3,3 jaar gepresenteerd.

De opzet van het prospectief cohortonderzoek staat weergegeven in hoofdstuk 2.
Het cohort omvat 58.279 mannen en 62.573 vrou\ilen van 55-69 jaar, afkomstig uit 204
gemeentelijke bevolkingsregisters. De cohortdeelnemers hebben in september 1986 een
schriftelijke vragenlijst ingevuld over hun gewoonlijke voedselconsumptie en potentiële
confounders (bijv. rookgewoonten, beroep, opleiding, medische informatie); circa
tweederde van hen stuurde ook teennagelknipsels in, waarmee de seleniumstatu¡ in het
Iichaam gemeten kan worden. In eerste instantie gaat de aandacht uit naar
maligniteiten van de maag, colon en rectum, borst en long. om kosten te besparen is
een case-cohort benadering gebruikt waartoe aselect een subcohort van 3500 mensen
(1688 mannen, 1812 wouwen) is getrokken uit het cohort; door dit subcohort elke twee
jaat aan te schrijven wordt ingeschat hoeveel persoonsjaren 'at risk' in het totale cohort
worden opgebouwd. De 204 deelnemende gemeenten werden doelbewust gekozen op
grond van twee criteria: (u) de aanwezigheid van een geautomatiseerã
bevolkingsregister - om praktische redenen - en (b) voldoende dekking van de gemeente
door de kankerregistraties en/of PALGA om een zo compleet mogelijke follow-up te
bewerkstelligen. In hoofdstuk 3 wordt beschreven hoe de dekkingsgraad var de
gemeenten door deze registraties is geschat met behulp van gegevens over
ontslagdiagnoses uit ziekenhuizen. De gemiddelde dekkingsgraad van het cohort werd
geschat op 98.57o bij de start van het onderzoek en op 100c/o in 1988.

In hoofdstuk 4 wordt de- ontwikl<eling (i.s.m. het Integraal Kankercentrum Limburg)
beschreven van een protocol voor de koppeling van de cohortgegevens met de gegeveni
van de kankerregistraties en PALGA. De optimale procedure gaat uit van een
geautomatiseerde koppeling met een koppelingssleutel bestaande uit geëncrypteerde
informatie over de eerste 4 letters van de geboortenaam, de geboortedatum en het
geslacht, waannee cohortleden gekoppeld kunnen worden aan kankerpatiënten.
Vervolgens vindt handmatige verificatie hiervan plaats met additionele identificerende
gegevens (geboorteplaats, migratie, eerste voorletter), waardoor de computer-
koppelingen gescheiden kunnen worden in terecht en fout-positieve koppelingen. In een
proefkoppeling werd met dit protocol een sensitiviteit van 987o berctkt, terwijl de
predictieve waarde van (definitief) geaccepteerde koppelingen 1007o be&oeg- Dit



protocol is vervolgens overgenomen door alle regionale kankerregistraties en PALGA
die daarna periodiek koppelingen hebben uitgevoerd.

Een belangrijk onderdeel van het onderzoek was het vaststellen van de
gebruikelijke voedingsgewoonten bij de leden van het cohort. Tijdens een
vooronderzoek in 1984 en 1985 werden uitgebreide mondelinge voedingsenquêtes
afgenomen bij 169 mannen en vrouwen in de leeftijd van het cohort. Met behulp van
regressieanalyse werden uit het resulterende gegevensbestand die (groepen van)
voedingsmiddelen geselecteerd die het meest bijdroegen aan de variantie in inneming
van 1.5 nutriënten die van mogelijk belang geacht werden voor kanker. De 150
geselecteerde voedingsmiddelen werden verwerkt in een schriftelijke zogenaamde
voedselfrequentielijst (food frequency questionnaire, FFQ), die tweemaal werd
uitgetest.

De validiteit en de reproduceerbaarheid van de FFQ zijn respectievelijk beschreven
in hoofdstukken 5 en 6. De validiteit is onderzocht in een subgroep uit het cohort (59
mannen en 50 vrouwen) twee jaar na de aftrame van de lijst bij de start van het
cohortonderzoek. Gedurende drie perioden van drie opeenvolgende dagen, met
tussenpozen van vier tot vijf maanden, werd door de deelnemers een gedetailleerd
voedingsdagboek bijgehouden. De hieruit verkregen gegevens werden gebruikt als
referentie voor de voedselfrequentielijst, die twee maanden na de laatste
opschrijþeriode nogmaals werd ingevuld. De Pearson correlatiecoëfficiënten tussen de
opschrijfoiethode en de FFQ varieerden van 0,40 voor de inneming van vitamine B-L
tot 0,86 voor de alcoholinneming; de meeste correlaties lagen tussen 0,6 en 0,8.
Correctie voor energieinneming en geslacht hadden weinig invloed op de correlatie,
behalve voor vet, waarvan de correlatie daalde van 0,72 naar 0,52. Om de
representativiteit van de deelnemers aan het valideringsonderzoek ten opzichte van het
gehele cohort te beoordelen, werden hun oorspronkelijke ("baseline") vragenlijsten
vergeleken met die van een aselecte steekproef uit het cohort. De
correlatiecoëfficiënten veranderden slechts weinig bij extrapolatie van de resultaten uit
het valideringsonderzoek naar het gehele cohort.

De reproduceerbaarheid van de FFQ werd gemeten via vijf jaarlijkse herhalingen
van de vragenlijst bij aselecte, onafhankelijke steekproeven uit het cohort. Pearson
correlatiecoëfficiënten tussen de eerste en de herhaalde meting van de
nutriëntinneming werden berekend voor ieder tijdsinterval variërend van een tot vijf
iaar. Lineaire regressie van de correlatiecoëfficiënten op tijdsinterval leverden
schattingen op van de test/hertest correlatie van de FFQ (intercept van de regressielijn)
en van de afname van de correlatie in de tijd (helling van de lijn). De test/hertest
correlatie bedroeg gemiddeld 0,66. De gemiddelde afname in correlatie bedroeg 0,07 na
vijf jaar. De conclusie is dat de voedselfrequentielijst in staat is personen te
rangschikken volgens hun voedingsmiddelengebruik en nutriëntinneming en dat blijft
over een periode van tenminste vijf jaar. Een enkele meting met behulp van de FFQ
geeft dus een goede indicatie van de voedingsgewoonten gedurende langere tijd.

Behalve vragenlijstinformatie over de blootstelling zijn ook teennagelknipsels
verzameld als "biomerker" van de lichaamsstatus van een aantal sporenelementen, met
name selenium. Seleniumgehalten in teennagels en wagenlijstgegevens van de mensen
uit het subcohort zijn gebruikt om potentiële determinanten van
teennagelseleniumgehalten in mannen en wouwen op te sporen, die als mogelijke
confounders op kunnen treden in de analyse van selenium en kankerrisico (hoofdstuk
7). In totaal waren van 2459 subcohortleden seleniumgehalten in nagels beschikbaar.
Deze analyse liet zien dat roken, geslacht en seleniumconsumptie onafhankelijk van
elkaar waren gerelateerd aan seleniumwaarden van de nagels; dat gold niet voor



leeftijd, alcohol en Quetelet index. Rokers vertoonden lagere seleniumgehalten dan ex-
rokers of personen die nooit gerookt hadden; mannen lìeten lagere seleniumwaarden
zien dan wouwen.

Als biomerkers niet op grote schaal verzameld kunnen worden, kunnen ze
eventueel wel dienen om andere blootstellingmetingen te valideren. Als illustratie
hiervan werden nitraatgehalten van 2 urinemonsters, telkens verzameld gedurende de
avond en nacht, vergeleken met de nitraatconsumptie zoals gemeten met een
semikwantitatieve voedselfrequentievragenlijst in éen gerelatéerd Amerikaans
cohortonderzoek naar voeding en kanker (hoofdstuk g). Na correctie voor
binnenpersoons-variatie in de urineuitscheiding bedroeg de partiele correlatiecoëfficiënt
tussen nitraat uit de voeding en udne 0,59. Uit deze 6evinãingen was af te leiden dat
T"t een schriftelijke vragenlijst bruikbare informatie over de gewoonlijke
nitraatconsumptie is te verkrijgen. Tevens konden deze resultaten gebruiktïora"o-'UìJ
de constructie van de Nederlandse cohortwagenlijst.

In patiënt-controleonderzoek kan informatiebias ontstaan wanneer kankerpatiënten
zich vroegere voedingsgewoonten (van vóór de diagnose) anders herinnéren dan
controlepersonen zonder kanker. Dit kan ondei aíder" gebeuren doordat
voedingsgewoonten gewijzigd kunnen zijn als gevolg van de ziekte. 

-Om 
deze aannamete verifiëren vergeleken we een cross-sectionele analyse van het verband tussen

vleesconsumptie en de prevalentie van borst of dannkanker (beide ten tijde ¡ran de
baselinemeting in het cohort) met een longitudinale analyse ìaarin net ii¡astip van
verandering in vleesconsumptie in relatie tot het tijdstip van kankerdialnose
verdisconteerd werd (hoofdstuk 9). Uit deze analyses bleek dat de frequentie" van
vleesconsumptie in kankerpatiënten substantieel gedaald is na de kankerdiägnor". Oit
bemoeilijkt de interpretatie van dwarsdoorsnede- en mogelijk ooË patient_
controleonderzoek, aangezien de herinnering van vroegere gewoonten beinvloeå wordt
door de huidige eetgewoonten.

In hoofdstuk 10 is de methode gepresenteerd om case-cohortonderzoeken statistisch
te anaþeren. Daarbij wordt aandacht geschonken aan methoden voor gestratificeerde
analyse en regressieanalyse. De voorgestelde methoden werden geilustreerd met een
analyse van een bekende relatie in de kankerepidemiologie, -namelijk 

die tussen
rookgewoonten en longkanker. Onze case-cohortanalyse bevãstigde de sterk positieve
dosis-responsrelatie tussen roken en longkanker. Ten opzichte ian nooit-rokers werd
het relatief- risico (in feite: relatieve rate, RR) op longkanker voor vroegere en huidige
rokers geschat op respectievelijk 3,6 en 9,8.

In de hoofdstukken 11'17 wordt ingegaan op resultaten uit analyses van enkele
verbanden tussen voeding en kanker. Hierbij zijn follow-up gegevens gebruikt uit de
pe_riode van september 1986 tot en met december 19s9. Geàui"ñ¿" ¿"rã 3,3 jaren vanfollow-up werden de volgende aantallen microscopisch bevestigde incidente
kankerpatiënten gedetecteerd in het cohorl 155 maag-, 313 colon-, 163 rectum-, 4jl
borst- en,552 longkankerpatiënten. De follow-up van subcohortled"o 1p"rcooor3ur"ojwas compleet.

In hoofdstuk 11 wordt_ d" analyse van het verband tussen voedingsvet en
borstkanker gepresenteerd. Voor deze analyse waren voedingsgegevens beschikbaar van
437 incidente borstkankerpatiënten. Er werden geen signifi-ca*nie verbanden gevonden
tussen het risico op borstkanker en de consumptie vãn totaal ve! enkehJudig- en
meervoudig onverzadigd vet. Verzadigd vet leek zwak positief geassocieerd te zijí met
borstkanker maar de statistische significantie van dezé bevindíng was niet consistent.
Terwijl deze analyse geen ondersteuning bood voor de nypãtnese dat vet sterk



gerelateerd is aan borstkanker, bleken een aantal traditionele risicofactoren ook in ons
onderzoek gerelateerd te zijn aan het borstkankerrisico. Verhoogde risico's werden
waargenomen voor wouwen met een positieve familieanamnese voor borstkanker, een
goedaardig borstgezwel in de voorgeschiedenis, een vroege menarche en een late
menopauze; verlaagde risico's werden gevonden voor vrouwen met een woege eerste
zwangerschap en een hoge pariteit.

Hoofdstukken 12 en 13 beschrijven het verband tussen het risico op dikke darm
kanker enerzijds en het gebruik van respectievelijk alcohol en vlees anderzijds. De
analyse van alcoholgebruik was, na uitsluiting van patiënten die gediagnostiseerd
werden in het eerste jaar na de start van het onderzoek, gebaseerd op respectievelijk
217 en LL3 incidente colon- en rectumkankerpatiënten. Voor colonkanker werd geen
verband gevonden met alcoholgebruik, noch met de consumptie van bier en wijn; voor
jenever werd een met de gebruikte hoeveelheid afnemend risico geconstateerd. Voor
rectumkanker bij mannen werd een positief verband met alcohol, bier en jenevergebruik
gevonden. Multivariate modellen, waarin alcohol en één soort drank steeds tegelijk
opgenomen werden, maakten aannemelijk dat het verhoogde risico voornamelijk
beperkt is tot biergebruik; het relatieve risico (RR) voor bierdrinkers vergeleken met
niet-bierdrinkers was L,9. De resultaten voor rectumkanker bij wouwen kwamen
overeen met die bij mannen, maar er waren te weinig bierdrinkende patiëntes om
betrouwbare schattingen te maken. Mogelijk, doch onbewezen, heeft het hoge gehalte
aan nitrosaminen dat vroeger in bier voorkwam bijgedragen aan het verhoogde risico.

De analyse van het verband tussen vleesconsumptie en colonkanker was gebaseerd
op 2L5 incidente patiënten na uitsluiting van patiënten gediagnostiseerd in het eerste
jaar. Er werd geen verband aangetoond met de inneming van energie en voor energie
gecorrigeerde inneming van vetten, eiwit en van vlees afkomstig vet en eiwit. Ook de
consumptie van (vers) vlees, rundvlees, varkensvlees, gehakt, kip en vis bleek niet
geassocieerd te zijn met het risico op colonkanker. Meeswaren gaven echter een
verhoogd risico te zien, zowel bij mannen als bij vrouwen (RR=1,17 per 15 gidag).

Het risico op dikke dannkanker na een galblaasoperatie is onderzocht bij 47S
patiënten, waarvan 64 in de vragenlijst hadden aangegeven die operatie ondergaan te
hebben (hoofdstuk 14). Bij mannen en vrouwen kwam respectievetijk 1,8 en 1.,5 maal zo
vaak darmkanker voor na een galblaasoperatie. Bij wouwen werd het hoogste relatieve
risico (1,9) gevonden voor het proximale deel van het colon, terwijl bij mannen geen
verschil tussen localisaties kon worden aangetoond. Zowel bij mannen als bij wouwen
deed de stijging van het relatieve risico zich pas voor ongeveer zes jaar na de operatie.
Darmkankerpatiënten die eerder aan de galblaas waren geopereerd werden niet in een
vroeger stadium gediagnostiseerd dan de overige patiënten. De conclusie luidt dat het
waargenomen positieve verband tussen cholecystectomie en darmkanker niet verklaard
wordt door een aantal bekende bronnen van vertekening noch door samenhang met
risicofactoren voor galstenen of met voedingsvariabelen.

In de hoofdstukken 15-17 zijn de resultaten gepresenteerd van het verband tussen
seleniumgehalten in teennagels en het risico op long-, maag-, colon-, rectum- en
borstkanker. Voor deze analyses waren seleniumwaarden beschikbaar van 370 incidente
longkankerpatiënten, L04 maag, 234 colon, 1,13 rectum en 335 borstkankerpatiënten.
Deze analyses lieten, na controle voor roken en enkele andere factoren, een significant
negatief verband zien tussen teennagelselenium en het risico op longkanker (hoofdstuk
15); het relatieve risico voor degenen uit het hoogste quintiel van selenium ten opzichte
van het laagste quintiel bedroeg 0,5. De negatieve associatie werd zowel bij mannen als
bij vrouwen waargenomen en bleef bestaan nadat patiënten waren uitgesloten die in het



eerste jaar van follow-up waren gediagnostiseerd. Het beschermende effect van
selenium werd vooral.aang^etroffen bij menien met een lage inneming van beta-caroteenen met name vitamine C. Deze effectmodificatie door vitaminen met antioxidant-
eigenschappen ondersteunel de hypothese dat selenium anticarcinogeen kan werken viazijn rol in het cellulaire verdedigingssysteem tegen oxydatieve schadã. v."r.""!t""t",
werd- ook een negatieve associatie met seleniuir gevónden maar de ue"inaingei *ãrãi
minder 

.consistent (RR=0,6 voor hoogste versus lãagste selenium categorie). "Het 
effectwerd_alleen bij mannen waargenomen 6.n;Q,!), maar het alntar' wouwelijke

maagkankerpatiënten îT t" gering om meei definitiéve conclusies te trekken over een
moge.lijfe geslachtsspecifiek effect (hoofdstuk 16). Hoewel er bij maagkanker ook enigãaanwijzing was voor een effectmodificatie van het seleniumeffåct dJor de vitamine ïconsumptie, was dit minder duidelijk dan voor longkanker. Mogelijk heeft dit te maken
met.versc_hillen qua etiologie tussen long- en mãagkanker ei' nät betang uuo ,ot"odaarin. voor colon- en rectumkankJr werd !""o verbal g"rrood"o t"rr""seleniumconcentratie in teennagels en het kankeriisico. Evenals voor colonkanker
(maar niet voor long-, maag- en rectumkanker) vertoonden borstkankerpatienten die inhet eerste jaar van fo]loy-up gediagnostiseerd werden, lagere ,"ì"oirr-*uurden in denagels dan patiënten uit_latere follow-up jaren, hetgeen op"""n invloed van preklinische
ziekte wijst (hoofdstuk 17). wanneer hi"rm"" rekãning werd gehouden bléek 

", !""overband te bestaan tussen seleniumwaarden en lãt risicã op borstkanker. Dewaarnemingen ten aanzien van deze kankervormen komen overeen met bevindingen uit
andere onderzoeken en suggereren dat selenium negatief gerelateerd is aan kanlier vanhet bovenste deel van de_ tractus digestivus, alsmede"aan tãogtuollr, kankervonnen diegeassocieerd zijn met roken- 

- 
Onze bevindingen ten aanzien- van de mogelijke invlofivan preklinische kanker illustreren tevens dat patiënt-controleondei"oäk"o naar

selenium 
- 
en bepaalde kankervormen voorzichtig moeten worden geinterpreteerã

vanwege de mogelijke aanwezigheid van informatietias.

Terwijl dit proefschrift zich beperkt tot de eerste resultaten van een follow-up
periode van 3,3 jaar, zullen na coniinuering van de follow-up ook andere associatiestussqr u9-".d1og (voedingsstoffen, andãre bestanddelen van de uoeding,
voedingsmiddelen, voedingspatronen) en het risico op zowel frequente als zeldzame
kankervormen onderzocht kunnen worden. ook Èoon"n dan interacties tussen
voedingsfactoren of tu¡sen voeding en andere factoren (bijvoorbeeld roken, b";;õj
met bet¡ekking tot kankerrisico meer in detail worden bestù¿äer¿.





Dankrvoord

Het zal duidelijk zijn dat ook dit proefschrift niet alleen het werk is van de
promovendi. Op de eerste plaats willen we hierbij alle deelnemers aan het
cohortonderzoek hartelijk danken voor het invullen .rruo d" wagenlijst en insturen van
teennagels in 1986. Hoewel we uit vooronderzoek hadden gescnat dat het inwllen
ongeveer één uur in beslag zou nemen, hebben we later oog nãt kunnen vernemen dat
het ook veel Ianger kan duren. ook heeft 213 van de deinemers zelf voor postzegels
voor de retourzending gezorgd en daannee f 120.000,- bespaard aan onderioengãta.
Hierbij willen we vooral ook de leden van het subcohort åanken voor hun inzei om
regelnatig een vervolgvragenlijst in te vullen, waannee cruciale informatie werd
verkregen voor het onderzoek. We hopen dat we dit ook in de toekomst nog voort
mogen zetten.

Ten tweede willen we onze promotoren. danken voor hun bijdragen. Ferd, jij hebt
ons steeds en op diverse wijzen gesteund bij het uitvoeren uun oïr"ld"e¿n. úoõral in
het begin van 1986 yas !o1w- hulp en daãrmee die van de RU Limburg uuo g-oi
belang voor het daadwerkelijk starten van het onderzoek toen niet uoã, i"dJr""o
duidelijk was dat ook postzegels een essentieel onderdeel uit kunnen maken van
wetenschappelijk onderzoe!. we hopen tevens dat we je voldoende gecomp"*""iã
hebben. ook jouw steun, Ruud, is a1t¡d van groot belang geweest ooih"t project te
continueren. Iedere ,wetenschapper weet _dai de begiñjaien van een piospectief
onderzoek moeizaam kunnen verlopen. Het duurt lang vðordat er 'resultaten,'komen en
er moet zeer veel moeite gestoken worden in de opzet en uitvoering, zeker wanneer het
op deze schaal wordt aangepakt. We stellen het eig op prijs dat julie altijd vertrouwen
in ons en de goede afloop hebben gehad, *aot h"i was tåch wel een riskante
onderneming.

_ We ow9,very special thanks to professor Walter Willett of the Harvard School of
Public Health' You infected us with your enthusiasm for nutritional epidemiology anã
convinced us that conducting a prospective cohort study on diet and *r,"", waJîot a
mad idea. Your example and transatlantic support has been very important to us, in
particular at times when other people *ere sceptic. we enjoy coilåboråting *ith y." i;
the Pooling Project of seven prospective studies and look-fórward to the"inteUeótoJiy
very stimulating discussions on the first analyses this summer. We also want to thani
you very much for taking the time to come to Maastricht as a member of the
Committee.

- Vervolgens willen we graag Pieter van 't Veer en Elisabeth Dorant bijzonder
bedanken voor hun inzet in de diverse fasen van het onderzoek. pieter, jij was vanaf hetbegin bij de opzet van dit project betrokken. De eerste idee¿n voor een
cohortonderzoek in Nederland zijn geboren in Shattuck House in Boston en namen
daar, na vele lekkere door Matthea gekookte maaltijden, steeds reëler vormen aan.
Aangezien je patiënt-controleonderzoek een steeds groter deel van je tijd ging 

"p"i."",heb je je daar op toegelegd. Echter ook in_ de anãlysefase heb je ons g"*u"ga" 
"nongewaagde adviezen kunnen geven die goed van pas k*amen. wä hopen" dat Je deze

samenwerking kunnen continue_ren nu je in wágeningen we¡kt. Elisabeth, ook jrj
vervulde een cruciale rol in het onderzoek, met name bij de follow-up via á;
kankerregistraties en T+GA. Jij weet als geen ander dat het uitvoeren van àergelijke
koppelingen mooi klinkt maar desalniettimin nog zeer veel input u"rgt 6¡--'ãã
interpretatie van hieruit voortkomende informatie.-Dãarnaast speelde je een bih;grûk;
rol bij de vele ad hoc wagen tijdens de invoer en bij het opzetien van de daøbase] ñet
als wij zag iij in dat het uitvoeren van cohortondérzoek g"*ooo erg veel inzet vergt
vooraleer er resultaten geboekt kunnen worden. Je moet ei dan ook iiet uun Ueglnn-.i



als je op korte termijn-successen uit bent. We zijn erg verheugd dat je in de komende
tijd de gelegenheid krijgt ook jouw resultaten te boeken.

Henny Brants, jij kwam in 1984 voor het eerst als uitzendkracht voor ons project op
TNO werken. Daar deed je, samen met Anneke Huldij, het veldwerk voor de pilot
study. Nadat je een paar jaar de interviews voor het patiënt-controleonderzoek naar
borstkanker had gedaan, heb je je ervaring ingezet voor supervisie en training van de
diëtisten die het valideringsonderzoek uitvoerden. Daarna was (en is nog steeds) jouw
voedingskundige inbreng bij het invoeren en het verwerken van de voedingswagenlijst
van groot belang. Je gedegen werkwijze, de manier waarop je alles tot in details
documenteer! je vermogen om alle kleine en grote problemen te overzien zijn
belangrijke schakels geweest in het succes van het voedingskundige deel van het
onderzoek. Tot slot bleek je ook nog in staat je aan te passen bij onze kronkels, die wel
eens van de bestaande paden afireken.

Zeer veel mensen waren in de afgelopen negen jaar voor kortere of langere tijd bij
dit onderzoek betrokken als medewerker, uitzendkracht of student, in Maastricht en
Zeist. We noemen hierbij in de eerste plaats de administratieve assistenten (in
chronologische volgorde): Hans Smit Judith lfuipsael, Dave van Gelder, Mariëlle
Bethlehem, Gemma Snijders, Patricia Florax, Arthur van Aken, Judith van den Brink,
Jolanda Nelissen, Willy van Dijk en Annemie Pisters. Desirée van de Cappellen en
Jenny Goes hebben in recordtempo een record aantal wagenlijsten ingevoerd. Het
zoeken van de wagenlijsten en (nog erger) teennagels in die enge kelder vol
spinnewebben, het invoeren van duizenden wagenlijsten, en het versturen van talloze
mailings, jullie deden het allemaal . Zonder jullie inzet was er niets van het hele project
terechtgekomen. Jullie hebben soms heel wat van ons en onze ideeën te verduren
gehad. Sacha van de Crommert, door jouw inzet in de verschillende fasen van het
onderzoek werd de invoer in goede banen geleid en door jouw consequente manier van
werken werd het datamanagement verder verbeterd. Arthur Schiphorst, van jou hebben
wij kneepjes van het publiciteitsvak geleerd toen het onderzoek van start ging. De
automatisering in het cohortonderzoek was natuurlijk geen sinecure. Gelukkig konden
we hierbij gebruik maken van de diensten van het Medisch en Maatschappelijk
Informatiecentrum van de RL en de rekencentra van beide instellingen. We willen hier
graag Harry van Montfort Ruud Schmeitz, Gregor Franssen, Marlène Kruijen en Tony
van Montfort danken voor hun betrokkenheid bij dit onderzoek. Door belangrijke steun
van professor Riet Drop (Medische Sociologie) werd het mogelijk om de

gegevensinvoer via een personal computer daadwerkelijk gestalte te geven. Ook waren
je adviezen met betrekking tot de meting van alcoholconsumptie waardevol. Cor
Kistemaker, jouw VEVES programma is zeer plezierig voor het laatste onderdeel van

de vragenlijstverwerking, namelijk de berekening van nutriënten en
voedingsmiddelengebruik.

Van de vele studenten en uitzendkrachten noemen we Carla van Deursen en
Hannelore Hoflruis, die de wagenlijst uittestte en de contacten met de drukker
onderhield toen Sandra met zwangerschapsverlof was. Monique Al, Ingeborg van den
Heuvel, Anita Langeveld, Renée Boogerd, Dian Drenth, Marieke Rouwhorst Ellen van
Miet en Jacqueline Neijenhuis hebben tijdens het veldwerk voor het
valideringsonderzoek heel wat fiets-, bus- en autokilometers afgelegd. Jeanne van Loon,
het was een plezierige ervaring om met jou de analyses van de respons en vlees en

kanker te verrichten; je tegenwoordige rol in het cohortonderzoek stellen we ook zeer
op prijs. Hanneke den Breeijen, jij hebt, na je doctoraalvak, de spits afgebeten bij het
verwerken van de voedingswagenlijst, waarbij je bleek aan te voelen waarom mensen
bepaalde invuHouten maakten. Stagiaires van de Hogere Informaticaopleiding in
Heerlen (Jacqueline Vliegen, Helma van der Linden, Anþ Gense, Michiel van Kessel,



\[arc Houben, Luc Crousen en Michel Koken) hebben allerlei nuttige programmatuur
geschreven.

Lex volovics en Marion de Leeuw willen we_ hartelijk danken voor hun bijdragenbij de opzet en de statistische a¡alyse van het onderzoek. Martin uan ,t Hof, d;¿iid"uit de KRIS periode stammende óontacten met-jou hebben wij niet cc" -"u, *ãiui¡
herhaalde metingen in het design gei'ncorporeerd en geanalyr""i¿. oot zijn we Jet Smiten Svenneke van de Heuver van het NIPG da;kbuui lroo, a" ""r*"rtio! 

-uui
beroepsgegevens. Voor het uitvoeren van {e selenium¿nalyses in circ¿ 4000 oug"î 

"[owe Peter Bode, Anneke Ammerlaan en Frank van Paassen van het Interuniîersiøir
Reactor Instituut in Delft veel dank verschuldigd. Wat het aantal nagelanalyses betreft,
zijn jullie momenteel vast en zeker wereldrecoráhouders.

Vervolgens willen we natuurlijk stilstaan bij de zeer belangrijke rol die dekankerregistraties en. p+GA hebben gespeeld in het tot stand komen van ditonderzoek. De (combinatie van) gegeuens-uun beide soorten instellingen uo.-a"o uo-
ons- precies datgene wat een groot cohortonderzoek mogelijk maakt in Nederland.PALGA vormt met zijn geautomatiseerde landerijke ¿äøüant l,,uo p"thol;;i;h
anatomische gegevens een_unieke gegevensverz¿meli1s. wij zijn pALGAu i"g"o*oîraigslG-Amsterdam, zeer .erkenterijk voor de-_ bereidúrrignäii om dere gãg"u"o, ;;gebruiken voor het coho¡tondeizoek en ïil"1 hierbij ï.o. n""ro camps, Harmenschut, Ben van den Bergh, Han Hol en Lodewijk otto"danken uoor hun ;"d;;rki";
en adviezen.

De Integrale Kankercentra zijn erin geslaagd om in relatief korte tijd een complete,landelijk dekkende 
.tankerregistratie. lde- lãndelijke als ,* van de regionale

registraties) op te zeten. Dit mag geziei de_eerdeie eruaringen-in de jaren;lftlg;;
zestig gerust een prestatie genoemd-worden. Het is daarbij niogeliik g"bl"u"o -'r.'t i"deze tijd-va_n 

-privlcydiscr¡ssies.- de gegevens te gebruikeï lroä, o.u. epidemiologisch
onderzoek. wij willen alle regionale kãnkerregistrãties van de verschillånde ir;ür.I"Kankercentra (IKA' IKL, IKMN, IKN, IKO, IKR, IKST, IKW, IKZ), alsme¿"" n"tLandelijk overlegorgaan Kankercentra hartelijk danken ,roár hun uereiáwiltigleid meete werken aan dit onderzoek.

Een zeer speciaal woo_rd van dank gaat uit naar Leo Schouten van het Integraal
Kankercentrum Limburg. L2o zag al erg vroeg het belang in 

"-¿n 
dit onderzoeL,"ooLvoor de kankerregistratie. Door de intensivetìog u"o on"ze contacten (via het IKL-

consulentschap van één van ons) 91!hij onl een-duidelijker inzicht io aJ*"rr.*¡r"ã
ontwikkelingen in de registraties. vooial door het gezamenli¡t ontwikkelen van hetkoppelingsprotocol werd- de follow-up veel concreter en betei uitvoerbaar. Daarnaastheeft Le_o_ een belangrijte, rol gespéeld bij het adopteren van het protocol door deandere IKCs' Leo, het is-helaal niet geluki onze samenwerking verder formeel uit teborrwen,-maar-we hopen die in de toekãmst toch voort te zetten.-Daarnaast mag ook derol van de andere Hoofden en automatiseringsdeskunaigen van ae kankerregiståti"r-r¡i
de verschillende IKCs niet onv-ermeld blijvãn. we wiîen hierbij met name noemen:Tiny Benraadt en Otto.Visser (IKAlKSei f"rry Hünen en LoeË Smeets GXf); H""lBerkel, charles Gimbrère en Frits Bosmán gxvrN¡; Renée otter, Joyce òpan'en Josschakenraad- (IIN)I Bart Kiemeney en Heànan Áment (IKo); rvrary-ann nijn vanDraat, Ronald Damh ¡is e_1Ma.rþ Tolo'u (lIR)i na¡o xruìjtr, íoet ván westering en
Iur?, Y"ryhuur (IKW); Marijke verhagen-Teuiiog, ""n I-o,iir'*o der Heijden (räfDe Nederlandse vegetariërsbond, de vNR, Theõ van nooy uuo smiths Reform enFrans van der Reep van NatuTood willen wij bedanken voor hín fr"fp ui¡ n"t ,""rui"r"o
van vegetariërs. Aan hen heeft het zeker niet gelegen dat dit onderdèel ïiet zo,n succeswerd. ook willen we op deze plaats onze- dJnk betuig"n uuo de leden van de



Begeleidingscommissie en de Stuurgroep, de deelnemende gemeenten, de Stuurgroep

Epidemiologie in de Basisgezondheidsdiensten, de Vereniging van Directeuren
Bãsisgezondheidsdiensten, het Bureau Kwaliteitsaangelegenheden van TNO
(J. Remmerswaal, M. Gruisen) en de gemeente Maastricht (met name J. Kikken) voor

hun medewerking aan het onderzoek.
Verder willen we de (ex-)collega's van de vakgroep Epidemiologie en de afdeling

Voeding danken voor de plezierige werksfeer en de hulp in voorkomende gevallen. Met
name wi[en we hierbij noemen Ad Vissers, de stille kracht die door zijn bufferende

werking het project in goede banen hielp leiden; Diny van Faassen voor haar rol in de

pilot-fase van het onderzoek en adviezen ten aanzien van biomarkers in het algemeen

èn teennagels in het bijzonder; Frans Kok voor je steun en goede adviezen. Naast

Thum 'Thesis' Aarts, die je over lay-out niets hoeft uit te leggen, zoals men kan zien,

willen we ook Willy en Patricia speciaal bedanken voor hun bijdragen aan dit
proefschrift en het ontcijferen van de manuscripten. Zoals jullie gemerkt hebben, was

het goed voor je Grieks! Dirk van der Heij was daarentegen goed voor ons Engels en

werd veel vaker dan "biennially" te hulp geroepen.

En, last but surely not least, zijn we Geja en Edward zeer dankbaar voor hun

enonne steun vóór, tijdens en na dit onderzoek. Alleen jullie weten echt wat dit project

aan tijdsinvestering heeft gekost, waardoor veel andere dingen erbij inschoten. Door
jullie motivatie - en kennis van zaken - tijdens de moeilijker fasen bleven we in de

goede afloop geloven. Jullie bijdragen waren ons het meest dierbaar. Bep van Vlooten
en Ankie Gerrits, jullie waren onovertroffen "kunstmoeders" voor Sandra's kinderen.

Dankzij jullie liefde en huishoudcapaciteiten heeft de hele familie de afgelopen acht
jaar uitstekend doorstaan.



Please answer these questions as indicated in the example on the explanation form, preferably with pencil.
lf th¡s is not possible, you may use a blue or black pen.
The have a white

O TNO/RL,1 HeÌe your date ot nirttr is
ls this date correct? : yes (go on to question 2) : no

lf not, are you the the person whose name and address are printed on the envelope?E yes--> If so,whatisyourcorrectdateof birth? l--T-l _ fTl _19TT-l
E no --> lf so, could you give th¡s letter to the addressee?

ln what municipal¡ty were you born?

3 What is your marital status? E never married E divorced
E married E w¡dowed

4 Do (or did) you have twin brother? E no
lf so, is his first initial thè same as yours?

E yes

ENO EYES

5 Do you smoke currently2 E no, I'u" nuu", 
"rnok"dWhat do (or did) you smoke? (more than one answer poss¡ble)

E no, butformerly ldid E yes
E cigarettes : cigars
Ê hand-rolled cigarettes E pipe

6 Do you have any special eat¡ng habits?
E macrobiotic : vegetarian E anthroposophic E veganE 7th day adventist E other, namely

lf so, s¡nce when? Since 19 f-[--l

Eno

(don't mention d¡ets)

7 How many days on average per week do you eat meat?
E odays : ldaV E 2days E 3days E 4days E Sdays E 6days E Tdaysperweekln case you nevef eat meat or only eat it once a week, since when have you been doing this? Slnce 1 g [-F

I Do (or did) you have any type of cancer?
lf so,whattype(s)? : stomach

E esophagus

: large bowel
E prostate

- no(goontoquestionlO) E yes
: bladder

E skin

: brains

E testis

: kidney

e leukemia

: Hodgkin's disease

: lung

E oral cavity
: non-Hodgkin lymphoma
: liver: bone

E other, namely

9 When was this d¡scovered for the f¡rst time? E 1986
E 1985

E 1984

E 1983

E 1982
E befóre 1 982, namety in 191--l--l

10 Has a physician ever diagnosed on" otan
(Put a mark ¡n front of the condition and mark your age behind ¡t)
CONDITION youngerthan 30 30_34 35_39 40_44 4S_4g 5O_s4 5S_S9ÉasthmaEEEEEEE
E chron¡cbronch¡tis E E E E E E E:diabetesEEEEEEE
:highbloodpressureE:EE:E:
:heartattackEEEEEEE
EanginapectorisEEEÉEEE
Egall-stonesEÈEEEEE
Ek¡dneystonesEEEEEEE
E thrombos¡s(intheleg) É E E É E E EEStTOkeEEEEËEE
EtubefculosisEEEEE_
:gastriculcer/bleed¡ngEEEEEEE
e chronicbowel irritat¡on E E E E E E EE polypsinbowel E E a E E E EEhepatitisEEEEEEE
E rheumatoidarthritis E E E E E E E
Have you ever had surgery on your gail-bradder or for a gastr¡c urcer, what was your age at that t¡me?Egall-bladderEEEEEEE
E stomâch

60-64 65-69
EE

EE

E

EÈ

EE

EE

EE

EE

E

EE

E-

EÈ

Ea

EE

EE



Please answer these questions as indicated in the example on the explanation form, preferably with pencil.

lfthis is not possible, you may use a blue or black pen. The answering possibilities have â whìte background. O TNO/RL, august

your date of birth is as g¡ven by you or your

lsthisdatecorrect? : les(goontoquestion2) E no

lf not, are you the the person whose name and address are printed on the envelope?

E yes --> lf so, what is your correct date of birth? l--Tl - l--T-l - 191-T-l
E no --> lf so, couldyou givethis lettertotheaddressee?

2 ln what municipality were you born? (country)

3 What ¡s your mar¡tal status? : never married F divorced

: married : widowed

4 Do (or did) you have twin bfother? E no E yes

lf so, is h¡s f¡rst ¡nitial the same as yours? E no : yes

5 Do you smoke currently? e no, I've never smoked

What do (or did) you smoke? (more than one answer possible)

: no, butformerly ldid E yes

E cigarettes E c¡gars

E hand-rolled cigarettes : pipe

6 Do you have any special eat¡ng habits?

- macrobiot¡c E vegetarian - anthroposophic : veganÉnO
E 7th day adventist

lf so, since when? S¡nce 19 [-T-l
E other, namelv (don't mention diets)

7 How many days on average per week do you eat meat?

: Odays : lday :2days :3days :4days : Sdays É 6days E Tdaysperweek

ln case you never eat meat or only eat it once a week, since when have you been doing this? Sìnce 1 9 [-T-l

8 Do(ordid)youhaveanytypeofcancer? E no(goonloquestionl0) F yes

lfso,whattype(s)? Estomach Ebladder Ekidney

'J teuKemla

: lUng

E oral cavity
E Hodgkin'sdisease É non-Hodgkin lymphoma
E bÕne É lìver
É other, namely

E esophagus
E large bowel
F breast
É uterus

- skin
E brains
E ovary
E ceruix

9 When was this discovered for the first t¡me? : 1986

: f985

o 1982

: befóre 1982, namely in 1 9l--T-l

ÉEEE

EEEE

EÉEE

EEEF

EEÉE

EEEE

EEEE

ÉEÉE

EEE-

EEEE

ÉEEÉ

ÉEÉÉ

EEEE

EEE-

ÉEEE

ÉÉEE

É--É

É
E

1 O Has a physic¡an ever d¡agnosed one of the follow¡ng conditions and what was your age at that
(Put a mark in front of the condition and mark your age behind it)

CONDITION younger than 30 30-34 35-39 40-44 45-49 50-54 55-59 60-64

EasthmaEÉEE
E chronicbronchitis E E E F
Édiabetes-EEÉ
E high blood pressure E E E E
EheartattackEFEE
E anginapectoris E E E É
Fgall-stonesEEEE
:kidneystonesEEEE
: thrombosis (in the leg) E É Ê E
EstrokeFEEÉ
EtuberculosisEEEË=
E gastriculceribleeding E E E É
E chron¡c bowel irritation E E E E
E polyps in bowel E - E E
ÉhepatitisEEEÉ
F rheumatoidarthritis E E E E
Ë benign breast disease E E E É

65-

E

c

E

r

C

T

I

r

t
¡

a

I

I

I
(

I

f

Have you ever had surgery on your gall-bladder or for a gastric ulcer, what was your age at that time?

Egall-bladder-ÊÉEEÉE



The following questions concern you EATING AND DRINKING habits of the past year. ln case you don,t know an answer becauseyou don't prepare meals yourself, please ask the one who does. R"."mb", thãt thã-qrestions concern the things you eat
and drink lf you don't understand some questions, please ask your partner, friends or childeren to help you.

sometimes your are requested to specify a certa¡n brand. The reason for this is that differenl brands may differ in
compostion; the information is not used for commerc¡al purposes. When the dist¡nction ,,in summer,, and ,'in w¡nter,' ìs used,
approximate periods are meant, not stricfly perjods of three months.

ff "'n=îJu"l--.
: no :vu. El
E no E yes, usually
E no : y"" l-T-l cups per day

1no : yes F-T-l teaspoons/lumps per cup

11 Howmanyeggs do you eatperweek?
Do you drink coffee?
Do you take sugar in your coffee?
Do you take m¡lk in your coffee?
Do you drink tea?
Do you take sugaÌ ¡n your tea?

cups per day
teaspoons/lumps per cup

(type of milk ptease)

I 2 How many times per week do you use a hot meal? times per week
Do you prepare the hot mears yourserf? E no, serdom or never Ê yes F ti."" per week
Howoftendídyouhavetheseproducts neveror 1x 2-3x 1x 2-3x 4-5x 6-7x howmuchdidyoueat?
for your hot meal dur¡ng the past year? less than per per per per per per

1x/month mo. mo. week week week week
'breadinsteadofahotmear E E E E E E E l-l-l srices.ChineseorlndonesianTood E E E E E E É r-
.ltalianfood(e.g.pasta,pizza) E E E E E E E r--r--rlu::::i:9:ïons| _l servtng spoons.soupasmaincourse E E E E E E E l--f-l ."r";;;;;;;.fish E E E E E E E
.egginsteadofmeat E E E E E E É
.cheeseinsteadofmeat E E E E E E E
.meatorchicken E E E E E E _
, pulses (e.9. white or kidney beans,
Ientils,marroMats) E E E E E E E f--l--.l servinosooons.soybeanproducts(e.g.tofu,tempeh) E E E E E E E fff- 

"n,"rË"å* 

-

'whiterice(notinchinesefood) E E E E E E E -f-l ""^,,":":^^-".brownrice E E E E E E E m Jun,,n;iffi;;
. m¡llet, buckwheat, wheat, barley,
oats and other cereals

. french fried potatoes

. mayonna¡se

raw vegetables and boiled
vegetables: in winter

in summer
only raw vegetables without bo¡led

vegetables: ¡n winter
in summer

only boiled vegetables: in w¡nter

E

E

E

E

E

È

E

E

E

E

E

E

E

E

E

E

E

E

E

E

É

l--fl serving spoons

l--ll tubt".poon"

l--l_-.l pieces the sizu

of an egg

potatoes (boiled, fried, mashed or
inam¡xeddish) E E E E E E E

E

E

E

E

E

E

E

E

E

E

E

É
E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

-

E

E

E

E

E

E

E

E

E

E

E

È
O TNO/RL, august i98



How often have you used the following vegetables in summer and how often in winter? Please indicate both frequenc¡es

on the same line. lf for example you only eat sauerkraut in winter, mark "never or less than once per month" in summer,

and for example I t¡me per week ¡n winter. Don't forget to count the vegetables in mixed dishes!

How often did
you eat this:

BOILED VEGETABLES

. brussels sprouts

. leek

. sauerkraut

, cauliflower

, cabbage

. spinach

. endive

. red beets

, carrots

. sliced beans,

string beans,

. broad beans

. kale (curly)

never or 1x 2-3x ]x 2x 3-7x

less than per per per per per
.l x/month mo. mo. week week week

neveror 1x 2-3x 1x 2x 3-7x

less than per per per per per

1x/month mo, mo, weekweek week

E

E

E

E

E

E

E

E

E

E

E

E

E

E

É
E

E

É

E

E

E

E

E

E

E

E

E

E

E

É

E

E

E

E

E

É
E

E

E

E

E

E

E

E

E

E

E

E

E

E

É
É
E

E

E

É
E

E

F

E

E

E

E

in summer
EEÉ

EEE

EEE

EÉE

-EE
EEÉ

EÉE

EEE

EEE

¡n w¡nterÉÉ
EE

EÉ

E-

EE

ÉÊ
ËE

EE

RAW AND SWEET VEGETABLES.,É
. raw endtve.É
. lettuce

E
. carrot salad É
. rhubarb É
. apple sauce

É
É
E

E

E

E

-
E

É
E

E

É
E

E

É
E

E

-
E

E

E

E

E

E

É
É
E

E

E

E

É
E

É
E

E

E

E

E

E

F

É
E

E

EEÉ

EÉÉ

ÉEE

E

E

-

E

E

E

ÊE

EE

E-

EE

EE

E

É
E

E

E

F

É
E

E

E

É
E

E

É
E

E

É
E

E

E

'f 4 How much of the following vegetables did you usually eat? lf you never eat a certain vegetable, fill in 0.

. boiled end¡ve

. beans

. carrot salad

. onions

. tomatoes

. mushrooms

[-T--fl grams per person per meal (this is about [-T-l servingspoons)

[-l--rl grams per person per meal (this is about l--fl seruingspoons)

E s"ruing"poons per meal
l--ll pieces per week per person

l-l--l pieces per week ¡n winter

rT_l month in winter

U oi""u" o", *""k ¡n summer and
LLI Sevss (250 grams) per month per person
F p¡""", p"r rionth in.u*-t"*nd

'15 What do you usually use as salad dress¡ng?
E creamy salad dressing
E dressing w¡th l¡noleic ac¡d

E dressing without oil
: something else, or nothing at all

E mayonna¡se
E yogud, dry curd

sunflower oil. salad

I

116 Doyouevereatvegetables(orfruit)fromanallotmentorkitchengarden?: no e yes if so,howoften?fl times/w

@ TNO/RL, august 1

e¡lf-rd¡'inicter¡d nr¡¡'cf iorr¡rrire for ¡ r'ohorf sf u.lv nn dief ¡¡td c¡ncer in the Ncthe rl¡nds



lf you never eat meat or chicken you can go on to question 1 g.

How often did you have these products never or 1x 2_Ax
for your hot meal during the past year: Iess than per per

1xlmonth mo. mo.
. minced beef (also in mixed dishes) E E E
. minced meat (half beef, half pork) E E E
.liver E E E

1x 2-3x 4-Sx
per per per
mo. week week
EEE
EÈE
EEE

6-7x
per

week
E

E

mostly: E pork-liver
. beef (all kinds)
. pork (all kinds)
. veal

. horsemeal, lamb, mutton

. sausages, croquettes, frankfurters

. chicken, turkey and other poultry

. beefsteak, roast beef

. fricassee

. fat bacon, smoked bacon

. pork-chops, pork-steaks, rolled pork

. smoked sausage in winter

E chickenliver
EEEEEE

EEEEÈE

EEEEEE

EEEEEE

EEÊEÈE

EEEEEE

EEEEEE

EEEEEE

EEEEEÊ

EÈEEÈE

EEEEEE

E veal-liver
E

E

E

E

E

E

E

E

E

E

E

18 When you eat tish, how is ¡t usually prepared? E fried E stewed E boiled
When you eat f¡sh, what vegetables do you usually eat along w¡th it?Doyouusuallyaddgravytoyourpotatoes?Eno:y".@"
ls water being added to the gravy during preparation?

E no E only a little bit È yes, a lot of water is being added E thefat¡stakenofl

19 what type of fat or oir and what brand do you usuaily use for frying the totto*ingl-ouãJ
I never real marger¡ne vegetable oil
fry this butter
EE

EE
È

(deeplfrying fat

meat

fish

french fried potatoes

E brand:
! þrand:

E type:
E type:
E type:

E brand:
u þrand:
E brand:

What brand of creamy salad dress¡ng doe you ,"uall¡r""?
What brand of mayonna¡se do you usually use?

brand:

brand:

21 Do you add salt during the preparation of the following dishes? lf so, can you ¡ndicate how much salt per person ¡s
be¡ng added? (1 tabtespoon of salt = about Z teaspoons of salt)

potatoes, pasta r¡ce etc
vegetables

no : yes if so, how much? I--T-l
no E yes if so, how much? [-[--l

E

E

E

teaspoons per person
teaspoons per person

E
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22 When you are at dinner, do you thén add salt to your food?
E never Ê seldom E sometimes E often É very often

How often do you eat home-made soup? f--fl tiru, per month How many soup plates do you takel l--l--l plates each

When you prepare this soup, for how many plates is this usually? l--l--l plates

How much of the following ingredients do you usually use to make the soup taste
E stock cuOes [-T-l p¡ece. E dehvdrated.orp l--]-l pucks E salt I

23 How do you think soup from a pack or can usually tastes?
E farfromsaltyenough F notsaltyenough E good

How do you think food ¡n most of the restaurants and cafetarias usually tastes?
É ñ^+ôãlfirô^^,,^h E 

^^^d 
É

E a l¡ttle too salty É much too salty

24 How many slices of bread do you eat on average per day?

How many slices usually are white bread?

How many slices usually are brown bread?

How many slices usually are whole wheat bread?

How manv slices usuallv are other bread?

sl¡ces

slices

slices

sl¡ces

t--T-l
TT-l
t--Tt
t--T-l this is

25 This question concerns other types of bread and the products you eat on your bread during the day. Fill in how many

slices of bread you eat with each product.

How often did you have this Ìvith your

cold meal during the past year:

, currant bread

. rye bread

. Dutch honey cake

. rusks, knackebrod, crackers

. low-fat cheese (spread), 20+

. cheese40+,48+

. boiled ham

. rashers, bacon

. smoked beef, pork loin roll

.liver

. other sliced cold meats

. fish with or on bread

. marmite

. peanut butter

. sweet sandwich spreads (e.9. jam)

never or
less than

1x/month
E

É
É
F

E

E

E

E

F

E

E

E

E

E

E

E

1x

per

mo.
E

E

É
E

E

E

E

E

E

E

É
E

É
E

É
E

2-3x lx
per per

mo. week
EE

EÉ

EE

EÉ

ÊE

EF

-É
EE

EE

EE

EE

EE

EÉ

ÉE

EE

EE

2-3x 4-5x 6-7x
per per per

week week week
EEÉ

EEF

EEE

EE=

EEE

ÉEE

EEE

EEE

EEF

FEE

ÉÉE

EEE

EÉE

EEF

EEE

ÉÉÉ

HoÌv much

did you eat?

l--fl slices

[--l-l sl¡ces

[-T-l slices
l--l--.l pieces

[-T-l slices
[-T-l slices
l--fl slices
[-T-l slices
[--]-l slices
[--T-l sti"""
[-T-l stices
l--T-l stices
[-T-l slices
l--fl 

"ti"".E 
"1i"""

26 What spread do you usually use on your bread?
E nothing F lowjat margarine, brand
F real butter E with linoleic

E margarine (stickform), brand
E brand
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27 How often have you used the follow¡ng foods during the whole day?

How often have you used these
products during the whole day
during the past year?

. liquorice

. chocolate

. pastry, p¡e or cake

. cookies

. soup (all k¡nds)

. soup from a pack

. yogurt

. dry curd

. porridge, cooked catmeal

. custard, pudding

. rosehip syrup

. muesli

. bran

. wheat germs

. peanuts

. other nuts, mixed nuts

. raisins, figs, dried fru¡t mix

, potatoe chips
. salty biscuits

. french fried potatoes between meals

. hot-dogs, meat balls

. fish between meals

. raw carrots between meals

. gherk¡ns

. mandarins

. oranges, fresh orange juice

. grapefruits, fresh grapefruit juice

. grapes

. bananas (also ¡n desserts, on bread)
, apples, pears (also desserts, on bread)
. strawberries in summer
(also desserts, on bread)

When do you usually eat oranges?

never or 1x 2-3x 1x z-3,x 4-5x 6.Zx How much did you
less than per per per per per per eat per day
1xlmonth mo. mo. week week week week

E

E

E

É

E

Ê
E

E

E

E

E

E

a

E

E

E

E

E

E

E

E

E

E

E

E

E

E

É

E

E mainly ¡n winter E ihewholeyearthrough

E f-T-.lpieces
E [-T-l pieces
È f-T-lpieces
F [--fl pieces
E l-T-l pieces
E l--l--l pieces

E [-T-l pieces

[--T-l serving spoonr
brand:---
[--f-lcups
l--f-l cups
l-T-l cups
l-Tl 

"rp,I I I 1¿6¡gspe6¡.
[-T-l trbt".poon.
l-T-l r"blu.ooon.
l--fl ,"olurpoon.

f-T-l handfuts
l--l--l handfuts
[-F handfuts
l-T-l handfuts
[-T-l handfuts

[-T-l pieces

l-T-l pieces
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E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

Ê
E

E

E

E

E

E

E

Ê
E

E

E

E

E

E

E

E

E

E

F

E

E

E

E

-
E

E

E

E

E

E

É

E

F

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

-
E

E

E

E

E

E

E

Ê

E

E

E

E

E

-
E

E

È
E

E

E

E

F

E

E

E

E

E

É
E

E

E

E

E

É

-
E

-
E

E

E

E

E

E

E

É
E

E

E

E

E

É
E

-
E

E

E

E

E

E

EEEEE

:EÊEE

EEEEE

EÈEÉE

EEEEE

EEAEE



A-8 Appendix

28 How often have you used the follow¡ng beverages during the whole day?

How often have you used these
products during the past year?

. beer

. red wine

. white wine

. sherry, vermouth, port, campari

. sweet liquor, egg-nog

. liquor, e.g. g¡n, brandy, wh¡skey

. coke

. other soft drinks

. water, m¡neral water

. tomato ju¡ce, vegetable juice

. orange juice, grapefruit juice

(bottled or canned)

. other fruit juices

, milk

. buttermilk

. chocolate drink (hot or cold)

never or 1x

less than per

1x/month mo.
EE

EE

EE

EE

EE

EE

EE

ÉE

EE

EE

2-3x 4-5x 6-7x
per per per

week week week
EEE

EEE

EEE

EEE

EEÉ

EEE

EEE

EEE

EEE

EEE

How much did yor
drink per day

f-l--l gtasses

l--T-l gtasses
[-T-l gtasses

[-T-l gtasses

fE glasses
l--T-'l glasses
l--fl gtasses
[-T-l gtasses

Eglu"""*
8gr"".""

[-T-l glasses

flfl glasses

fn slasses
8g1"""""
Dglasses

2-3x 1x
per per

mo. week
ÉE

EF

EE

EE

EE

EE

EE

EE

EE

EE

E

E

E

Ë
F

E

E

E

E

F

E

E

E

E

E

É
E

E

É
E

E

E

F

E

E

É
E

E

-
E

-
E

E

É
É

29 Last week, how many alcohol¡c drinks did you have altogether? fE slasses
On how many occasions during the past half year did you have more than 6 alcoholic dranks? [-T-l times

Whendoyouusuallydrinkalcoholicbeverages? Eonlyatparties Einweekendsandatparties Ethroughoutthew(

30 What kind of milk do you use?

What kind of chocolate dr¡nk do you use?
What k¡nd of do you use?

E I never use this
E I never use this

- I never use th¡s

E whole E low-fat E skimmed
E whole E low-fat E skimmed
E whole E skimmed

31 lf there are any other foods or beverages that you use currently on a regular basis, but which wère not included in the
quest¡onnaire, you can mention them below (e.9. regional dishes, other prÕducts you eat on your bread etc.).

food or beverage how often how much
[--l--l times per week
l-T-l times per week

each tim
each t¡m

32 Did you take vitamin preparations or other preparations during the past five years?
(e.9. tonics, vitamin tablets, garlic pills, yeast p¡lls, calc¡um tablets etc.)

lf so, what type, what brand, what dosage and since when? Please fill this in as ¡n the example.

brand pieces/dosage per daytype

Dqvitonton 6 drops

from to
from lefiTl 16 lelTTTl
from 191--f-l to 191--fl
from 191--f-l to lgl-l-l
from t9l-T-l to lgE
frorlg[-l--l to19F
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33 During the past five years, d¡d you follow a d¡et on doctor's advice? (this also applies to djets of members
ofyourhouseholdyoufollowedtoo) E no : yes

ind of diet and kind of diet

34 Five years ago, d¡d you use more, less or just as much of the tollow¡ng products as you do today?

g [--fl to

five years ago I never
as much as today use this
É
É

ÉE

EE

É
EE

EÊ

EE

five years ago
more than today

. meat, sliced cold meat E

.eggs E

. raw vegetables E

. fruit E

. beer E

. other alcoholic beverages E

. fru¡t juice E

. coffee E

. peanut butter E

five years ago
less than today
E

E

E

E

E

E

É
E

E

35 what kind of bread d¡d you use to eat s years ago? E white E brown E whore wheat
What did you use to spread your bread with S years ago? E nothing E margarine

E margarine with linoleic acid

E other, namely -.--
E low fat margarine
E real butter

36 Since when do you use a refrigerator? Since
use a freezer? E no €

SMOKING HABITS

37 lf you have never smoked, you can go on to question 08.
Please answer the following questions for

c¡garettes

at age l--T-l

at age f-l--l

l--l--l per day

Eno Eyes

l--fl years

c¡gars

atage f-T-l

atage [-T-l

[-F perday

EnO oyes

l-T-.l years

pipe

at age l--l--l

at age F-T--l

[-I-l perday

EnO o yes

l--T-l years

What specific brand of cigaÌettes did you smoke most? _ E wjth filter E without
These cigarettes (or rolling tobacco) are: E mild E norma¡ E strong E menthol
Below you see drawings of a filter cigarette and an ordinary cigarette. Please indicate ¡n both cigarettes with a line what part
you usually smoke (like this: n ¡ 

.l 
)

cigarettes as well as cigars as well as p¡pe.
At what age did you start smoking
cigarettes, cigaÌs and/or pipe?
lf you have definitively stopped smoking,
at what age was that?
How much do or (in casè you stopped) did
you smoke per day?

Do or d¡d you usually inhale the smoke?
How many years have you smoked, taking
into account the years you have stopped?
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38 Have you ever chewed tobacco?
Have vou ever sniffed tobacco?

ves. dur¡no ffJ u"u6

""" n,,,,"i t--T-l ;,.","
Eno E
EnO E

39 Did your father or mother smoke when you Ììrere living w¡th them? E no
F both

Doesordidyourpartnersmoke¡nyourcompany?E no o yes E
What does or did your partner smoke in your company? E cigarettes
Are or were you exposed to cigarette smoke at work? E never E
How many hours a day on average are you exposed to cigateüe smoke?
(remember home, car, work, canteens etc.

EDUCATION AND OCCUPATION

he/she used to, but not anymore since 1 9 [--T--l
É cigars o pipe

occasionally Êusually Éalways
[-T-l hour"

E mother only
E father only

40 Which of the follow¡ng schools did you attend and which did your partner attend?
me partner
EE

EE

EE

EÉ

EE

EÉ

Ê
E

primary school
lower vocational education (e. g. technical, domestic science school)
junior high school

sen¡or high school

higher vocational education
university

other, e.g. specific part-time education, namely
e. o. sDec¡fic oad-time

41 Have you ever had pa¡d employmentt E yes, wage-earning
o yes, seltemployed

E no, butdid have an unpaìd job
É no (go on to question 43)

Ltpholsterer

What have been your occupations in your lifetime? At what companies or institutions did you work, what was being
produced? What was your ¡ob and for how long did you work there? Fill ¡n this informat¡on in the space below, as in

the example on the first line. lf you arelwere self-employed, fill in the type of company and your exact job only.

name of company type of company

or institution? or institution?

Johnson lttc. furnishinp firnt

whatwasbeing produced yourexact
at your department job?

what period did
you work there?
from I e lTTil to 1e lTTZl
fro. l9 f-ì--.l to I g f-f'l
fro¡1 19[-T-l ro j9 l-T-l
from 19f--F to 1g f-T-l
fror j9ffi to 19 l--f-l
from19il to19[--f-l

42 Ateyoucurrentlyemployed? E
lf not, which s¡tuat¡on applies to you?
E temporarilyunemployed

no o yes

E disabled
E exclusively homemaker lonly ¡ncluded ¡n questionnaire for women)E retired

E other,
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MEDICAL INFORMATION

43 Hoì/v do you cons¡der your health in general? E excellent E good E reasonable E poor E bad
of

44 What surgical operations have you had and at what age? (name the last three)

at age I--T-l
at age l--l--l
at age [--T-l

45. Have you ever had an X.ray photograph taken of your:
.stomach

. bowels

. lung/chest

. neck or shoulder

E no e yes ifso,howoften?
É no : yes ifso,howoften?
E no E yes ifso,howoften?
E no É yes ifso,howoften?
E no Ê yes ifso,howoften?

l--Ì-l ti.".
[--Fl tiru.
l--f-l tir""
fll tir""
ffi tir."back

other, namely if so, how often? [-f] r¡mes
Have vou ever had Eno E if so, for what disease?

46 Please l¡st below what medicine(s) you have used longer than six months, for what condit¡on(s) and in what periods)?
name of medicine for what condition from to

from 1 g l--l--l to 1e l--J-l
fromlsf--n tolsf-T-.l
from 1gl--f-l to 1g l--l-l
from 19f-f'l to 1e -T-l

47 What is your blood type?
What ¡s your rhesus factor?

: don'tknow
H don t know

EO EA
É positive

EB EAB
E negative

48 Did any ofyour parents, brothers or sisters have cancer? E no o yes
lf so, please fill this in ¡n the space below, as in the example.
what relation type of cancer age at diagnosis if alive, give if dead, g¡ve

current age age at deathL Ls!-- :l:::ffi ffi;:n* :i::: _H: , i:äE-. H;:n:f :l:i: _E
How many brothers and sisters do (did) you have? [--Tl broth"r" und l-T-l 

"i.t"r"ln what year were your father and mother born?
ln case they have d.!Êf!-i,n what years did they die, and what was the cause of death?
t",n". 0","," *rlï rääo'l;;Ëiï":ä"il;,;
mother: borninlgl I I (diedinjgE ;"au""ofd""th,



How often do you usually have a bowel movement?E more than 2 times per day E 1-2 tìmes per day E
ever suffer from

1 t¡me per day
E seldom

1 time per 2 days E 2 times per week or
E E veru ofte

OTHER OUESTIONS

tall are you? l--T-l centimeters
I--Tl kitoorams

"hi.t, 
ffi

20? [-f]--l kitograms

51 Please fill in below the last four resldences where you have l¡ved.
residence province

n,tæ i:tæ
province (country)

the winter trom f944-1945?

'father
E vÂ.

) crisis (1932.1940)?

thatper¡odfrom lg l-T-l to19 mhe was

53 !ow..!ngny minutes do you spend on average per day walking or cycling to your work, to go shopping or to take out your dofT-[l minutes per day
How many hours of your leisure time do you spend on average per week on the following ac¡vities?
.gardening E lneverdothis E lessthanl hour a 1-2hours E morethan2hours
.cycling,walking E Ineverdothis E lessthanIhour E 1-2hours E morethan2hours
.sports,gymnastics E lneverdothis E lessthanlhour E 1-2hours E morethan2hours

ln case you play sports, what sports do

54 ln case you formerly played sports, please indicate in the table below: what sport(s), was it in a competition system,
how many hours per week did you spend on each sport (exercise included) and in what period?
type of sport compeiition how many hours per week from to

E no o yes [-T-l hours per week from 19 l--f-l to 19 [--fl
E no o yes [-T-l hours per week from 19l--fl to 1s TT-l
E no : yes l--l-l hours per week from 19 [-T-l to I g [-T-l

55 This question concern leisure interests you (had), e.g. fishing, woodcaruing, dark room activities, painting,
On what leisure

Do you keep pets ins¡de your home? (e,9. birds, hamster, dog)
lf so, what animals?



MEDICAL INFORMATION

43 How do you consider your health ¡n general? E excellent E good

44 What surgical operations have you had and at what age? (name the last three)

reasonable
-T-l

E poor E bad

45. Have you ever had an X-ray photograph taken of your:
. stomach
. bowels
. lung/chest

. neck or shoulder

. back

. breasts

E no : yes ifso, howoften?
E no : yes ifso,howoften?
Ê no : yes ifso,howoften?
E no E yes ifso,howoften?
E no E yes ifso,howoften?
E no E yes if so, how often?

[-T--l tir""
l--l-l tir".
[--f-l tiru"
f-r-.l t¡r""
ffi tir""
F ,ir""

other, namely

Have vou ever
if so, how often? [-Tl times

for whet

46. Please list below what medic¡ne(s) you have used longer than six months, for what condition(s) and in what periods)?
name oT medicine for what condition fuom to

from lg[-T-l ro j9 l--l-l
from j9f--fl to 19 l--l--l
from lg[-T-l to 1e [--T-l
from l9f-T-] to 19 l-T-l

47 At what age did you have your first menstrual period? at age

Have you ever used hotmones because of a d¡scomfort

Have you evet used oral contraceptives? E no o yes
lf so, at what age did you start using oral contraceptives? at age Ef-l
Areyoustillusingoralcontraceptives? : yes : no rfnot,whendidyoustop? atage l--fl
How many years have you used orar contracep.l!¡pE excruding the years you stopped? fff y"ur"

At what age did your menopause start oft? at age L-Ll
How did your menopause start off? E naturally É after surgery E with medication

?Eno oyes odon'tknow

HaveyoueverhadaPapsmear? E no E yes ifso,whenwasthelasttime? inlg F
Were you ever screened for breast canceÌ? E no o yes

49 ln case you are (oÍ were) marr¡ed, in what year were you married for the first time? in .19 F
Didyouhavechilderen? E no E yes if so,ho*pe¡4fE (alsoment¡onstillbirths,don'tment¡onmiscarr¡ages)

lf so, ¡n what year was your f irst child born? ¡¡ 19 I I I



'_rr"'-

Did any of your parents, brothers or s¡sters have cancer? E no E yes

if so, please fill this in ¡n the space below, as in the example,
type of cancer

brcasl

what relation

sister

age at diagnosis if alive, give

current age
at ase [iTJl ITTõ] years old

atage l--f-l Eyears otd

at age l--l-l l--fl yeurs old
at age [--fl [-T-l years otd

if dead, give

age at death

atage F-T
atage f-T
at age f-T
at age l--T

How many brothers and s¡sters do (d¡d) you have? E brothers and E sisters
ln what year were your father and mother born?
ln case they have d¡ed, in what years did they die, and what was the cause of death?
father: born in 19 l-T-l loieo in I g l--l-l ; cause ot death:
mother: born jn 19ffi (died in 19 l--ì-l ; 

""u.u 
of death:

OTHER QUESTIONS

51 Howtall are you? l--Tl centimeters

How much do you weigh? TT-l kilograms

What size do you wear? blouse, f--l-l
What was your weight at age 20? T-T-l--l kilograms
skirt: TT--l

52 Please f¡ll in below the last four residences where you have lived.
res¡dence province from

from 19|--f-l ro 1e TT-l
from 19|--f-l ro 19l-T-l
fromlg|-T] to19l-T-l
from 1gl--f-l to 19 f-Tl
province (country)residence

What was your residence during the winter trom 1 944-1 945?

Was your father employed during the crisis (1932-1940)?
E no E yes, hewasemployedinthatperiodfrom 19 l-T-l

54 How many m¡nutes do you spend on avr rage per day walking or cycling to your work, to go shopping or to take out your dt
Tl-[l minutes per day

How many hours of your le¡sure time do you spend on average per week on the following aciv¡ties?
. gardening E I never do this E less than t hour E 1-2 hours
.cycling, walking E I never do this E less than

.sports, gymastics É | never do this E less than

ln case you play sports, what sports do you play?

t hour E 1-2hours

I hour E 1-2hours

E more than 2 hours
E more than 2 hours
E more than 2 hours

55 ln case you formerly played sports, please indicate ¡n the table below: what sport(s), was it ¡n a competition system,
how many hours per week did you spend on each sport (exercise ¡ncluded) and in what period?
type of spod competition how many hours per week from to

E no o yes l-T-l hours per week from I g l--f-l to j 9 l--T-l
E no o yes l--T-l hours per week from 19 l-T-l to 19 l--l-l
E no : yes l--l-l hours per week from 19 l--fl to 19 l--fl

august
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