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Stellingen

1.

De uitgebreide voedselfrequentiemethode schat de gewoonlijke
groenteconsumptie siecht, dit

2.

proefschrift.

Het concept 'random bias' in de voedingsepidemiologie weerspiegelt onze
onwetendheid over factoren die aan systematische meetfouten ten grondslag
liggen. Het behandelen van dit type meetfout als ruis kan tot verkeerde
conclusies leiden, dit

3.

proefschrift.

Herhaalde metingen van de voedselconsumptie zijn onontbeerlijk in
prospectieve studies naar de relatie tussen voeding en kanker. dit

4.

proefschrift.

Het calibreren van verschilfende typen voedselconsumptiemetingen in
multicentrum studies met een andere voedselconsumptiemethode als
referentiemeting, corrigeert wel voor methode-specifieke maar niet voor
populatie-specifieke systematische meetfouten. dit

5.

proefschrift.

Het standpunt van JS Garrow (Eur J Clin Nutr 1995; 49: 231-2), dat de
'same/opposite quartile notation' informatiever is dan een correlatiecoefficient voor het rapporteren van de validiteit, is onterecht. Burema et al;
Eur J Clin Nutr 1995; 49:

6.

932-3.

Investeringen in een kwalitatief goede voedingsmiddelentabel en
bijbehorende kodeerafspraken door de overheid betalen zieh dubbel en dwars
terug.

7.

Correlaties tussen schattingen van energie-inneming en energiegebruik op
basis van informatie door deelnemers zijn meestal zeer laag. Dit betekent dat
met minstens een van beide typen metingen iets anders wordt gemeten dan
beoogd wordt.

8.

In observationele epidemiologische studies naar relaties tussen voeding en
chronische ziekten zouden eerst voedselpatronen in plaats van individuele
voedingsstoffen bestudeerd moeten worden.

9.

Het gebruik van voedingssupplementen onder het mom 'meer is beter' is niet
altijd juist; het gebruik ter compensatie van een ongezond voedselpatroon is
een volstrekt onjuiste benadering.

10.

De meeste mensen worden niet mooier door het gebruik van make-up.

11.

De georganiseerde vrijetijdsbesteding met nadruk op sensatie en spektakel
verleert deelnemers om te genieten van de stilte in de natuur en maakt dit
ook steeds moeilijker voor niet-deelnemers.
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Abstract - Assessment of vegetable, fruit, and antioxidant vitamin intake in
cancer epidemiology
PhD Thesis. Agricultural University Wageningen, the Netherlands and the National
Institute of Public Health and the Environment, Bilthoven, the Netherlands.
Marga C. Ocke"
Inverse associations are consistently observed in epidemiological studies on the
relations between the consumption of vegetables and fruits and different types of
cancer. The strength of these associations is, however, unknown amongst others
because of measurement error in data on vegetable and fruit intake. The antioxidant
(pro)vitamins 8-carotene, vitamin C, and vitamin E, are three of many substances in
vegetables and fruits which may be responsible for the anticarcinogenic effect. This
thesis is focused on the problem of intake assessment of vegetables, fruits, and
antioxidant (pro)vitamins.
In the first part of the thesis, two studies on the relationships between the
consumption of vegetables, fruits, and antioxidant (pro)vitamins and the occurrence of
cancer are described. In the Seven Countries Study intake of vitamin C was inversely
related to stomach cancer mortality at ecological level. Subjects with low intakes of
vegetables, fruits, and B-carotene that were stable over time experienced more than
two-fold increased risks of lung cancer in the Zutphen Study than subjects with high
stable intakes. A lack of information on the extent of measurement error in the dietary
data in both studies hampered the correct interpretation of the results.
The second part of the thesis includes several studies on the estimation of
measurement error in data on vegetable, fruit, and antioxidant (pro)vitarnin intake and
biochemical markers. In a study on the effects of frozen storage at -20 °C it was shown
that vitamin E concentrations in EDTA-plasma decreased dramatically between 6 and
12 months, whereas for B-carotene this took place after 1 year. The use of such plasma
in nested case-control or case-cohort studies would result in highly attenuated odds
ratios for B-carotene and vitamin E.
Reproducibility and relative validity for food group and nutrient intake assessed
with an extensive semi-quantitative food frequency questionnaire was also investigated.
The questionnaire seemed adequate for ranking subjects according to intake of most
nutrients and food groups including fruits, but it did not yield such good results for
vegetables, B-carotene, vitamin C for men, and vitamin E for women. The observed
correlation coefficients between questionnaire and repeated 24-h recall data may be
either over- or underestimates of the true validity coefficients, because of unknown
error structure in both types of data. Validity coefficients estimated by a triangular
comparison between questionnaire, 24-h recall, and biomarker measurements will
probably be overestimates of true validity coefficients.

From these studies it is concluded that measurement error in assessing vegetable,
fruit, and antioxidant (pro)vitamin intake may be large, which is a handicap for
epidemiological studies. Further progress lies in improvement of dietary assessment
methods, and probably even more in understanding error structures and the
development of analytical methods to recognize and cope with those structures.
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Introduction

Diet is known to play an important role in the development of many chronic diseases,
including cancer. In 1981, Doll and Peto estimated that about 35 percent of all cancer
deaths in the U S A could be attributed to dietary factors with a rmnimum of 10 and a
maximum of 70 percent [1]. Ten years later, at a conference on Nutrition and Cancer
in Atlanta, USA, Doll somewhat restricted the range to 20-60 percent [2]. The still
wide range illustrates the uncertainty on the state of knowledge on this topic. Next to
alcohol, vegetables and fruits are the dietary components for which the relationships
with cancer are best supported by the literature.

Vegetables, fruit, and cancer risk
During the last 15 years many epidemiological studies have been carried out on the
relationship between the intake of vegetables and fruits and cancer at several sites. The
results of these studies have been systematically reviewed in a number of papers [3-5],
and the authors conclude that inverse associations are consistently observed for
epithelial cancers of the respiratory and alimentary tracts. For cancers at reproductive
sites fewer studies have been conducted and results are less consistent, but tend to be
in the same direction for cancers of the breast, cervix, and ovary [4]. The large
proportion of studies that observed inverse associations has resulted in public health
recommendations to increase intake of vegetables and fruits in Europe and the United
States [6,7].
The mechanism responsible for the anticarcinogenic effect of vegetables and
fruits is still unclear. There are many substances in vegetables and fruits, for which
protective effects have been postulated or shown experimentally. These include
carotenoids,

vitamin C,

vitamin E,

selenium,

dietary

fibre,

dithiolthiones,

glucosinolates, indoles, isothiocyanates, flavonoids, phenols, protease inhibitors, plant
sterols, allium compounds, and limonene [8]. It has also been hypothesized that a
mixture of compounds, which act together, instead of a single compound is responsible
for the inhibition of cancer [8]. An alternative explanation would b e that associations
between vegetable and fruit intake and cancer risk are not causal, but that other
characteristics of individuals that eat different amounts of vegetables and fruits may
explain the associations. For example, a high consumption of vegetables and fruits is
often associated with a low consumption of alcoholic beverages, and with less smoking
in Western societies [9-11]. However, in non-Western societies dietary and lifestyle
factors cluster differently and yet in those populations inverse associations between
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vegetables, fruits and cancer risks have been reported too. It is therefore unlikely that
one or more correlates of fruit and vegetable consumption could explain identical
findings in all the different research populations [4].
The size of the reported relative risks on cancer for a low versus high intake of
vegetables and fruits varies considerably. Moreover, the relative risks observed in
recently published cohort studies [e.g. 12-14] are often weaker than those in casecontrol studies. As cohort studies are stronger by design than case-control studies, this
suggests that recall, selection, or publication bias may have occurred in the case-control
studies. An alternative explanation refers to the problem of random measurement error
which attenuates true associations. This type of error may be larger in the recent largescale cohort studies where time and effort that can be given to each individual for
dietary intake assessment is limited.
The problem of measurement error in exposure is the central theme of this
thesis. Exposures of interest are the consumption of vegetables and fruits and intake
or blood levels of the antioxidant (pro)vilamins 6-carotene, vitamin C and vitamin E.
Vitamin C and 8-carotene are mainly found in fruits and vegetables, whereas the main
sources of vitamin E are (products rich in) vegetable oils, vegetables and cereals. These
three (pro)\dtamins are the most often studied components of vegetables and fruits in
relation to cancer risk and datasets with information on these compounds were
available to investigate measurement error in exposure and the relationship with cancer.

Assessment of vegetable, fruit, and vitamin intake
In observational studies, assessment of vegetable and fruit intake is commonly done
by food consumption methods, although a search for biochemical indicators of their
intake has started [15]. In order to estimate dietary intakes of 8-carotene, vitamin C,
and vitamin E, food consumption methods as well as concentrations in plasma or
serum are widely used, whereas concentrations of 8-carotene and vitamin E in adipose
tissue have recently been added as another approach [16,17]. Similar to dietary intake
assessment in general, all estimates of vegetable, fruit and antioxidant (pro)vitamin
intake include inherent measurement error.
For food consumption methods which rely on information given by study
participants, errors may be caused by factors related to the subjects studied, to the
method, and to the processing of the data [18]. The respondent may have a memory
problem in recalling what was eaten and in which amount, or in averaging
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consumption frequencies or portion sizes over a longer period. This may especially be
so if the diet does not follow a stable pattern. For example, the average consumption
frequency of individual vegetables seems difficult to estimate because of the large
number of vegetables which are each eaten infrequently. The estimation of actual or
habitual portion sizes of vegetables is not easy either. For the Western diet, the
problems mentioned above seem smaller for fruits, as a large proportion of total fruit
intake is contributed by few fruits, e.g. apples, oranges, and bananas in the Netherlands
[19]. Moreover, the amounts of fruit consumption can often be estimated in standard
units. Social desirability may also influence answers on questions about diet. As
vegetables and fruits are increasingly promoted as being healthy, one might expect an
overestimation because of public health programs. Further, in comparison with nonobese, obese people on average underestimate energy intake [20]. Whether this is also
the case for vegetables, fruits and antioxidant (pro)vitamins is unclear.
Other errors may be caused by characteristics of the food consumption method.
Examples of these are: omissions of important foods in questionnaires or interviews
with predefined

lists of foods, the general tendency of overestimating

usual

consumption frequency of individual foods, the tendency to eat less complex recipes
when all ingredients have to be noted and weighed, or using dietary information about
an insufficient number or a non-random selection of days to derive habitual intake [21].
Additional errors are due to the processing of data, i.e. coding errors and the use
of (incorrect) standard portions and other assumptions. When transfoiming food intake
to nutrient intake, errors in food composition tables and working with average food
compositions also introduce errors

[22]. For 8-carotene

and vitamin E,

food

composition tables are of limited quality and often include many missing values
[23,24]. To a lesser extent this is also the case for vitamin C. Moreover, foods may
vary greatly in the content of antioxidant (pro)vitamins due to differences in varieties,
growing, ripening, handling, and processing of the product [25].
The main advantage of biochemical indicators of intake is their 'objectivity', i.e.
they do not rely on information given by subjects. However, other factors limit the
utility of many biochemical indicators to represent the (dietary) intake of specific
nutrients and even more of foods or food groups. Most important is probably the
degree of homeostatic control of nutrient concentrations in body compartments. For
many nutrients control mechanisms cause the increase in biological concentrations to
be attenuated or leveled off with higher intake. The usefulness of biomarkers is
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therefore dependent on the level and range of intake to b e investigated. For the
vitamins C and E, but probably not for B-carotene, some homeostatic control of blood
concentrations takes place [26].
Secondly, determinants other than intake may exist, e.g. genetic, environmental,
life-style or other dietary factors. It is known, for instance, that smoking, alcohol
intake, and blood levels of cholesterol and triglycerides influence blood concentrations
of B-carotene [27]. Blood concentrations of vitamin C are also influenced by smoking,
and by acute and chronic infections, whereas blood vitamin E levels are determined by
blood lipid concentrations [26].
Thirdly, the degree of absorption and conversion of the nutrient influences levels
in biological material. The absorption of B-carotene is known to vary greatly between
and within persons, and is influenced by meal composition and the food matrix in
which B-carotene is present in the gut. Conversion of B-carotene into retinoids depends
on the vitamin A status of the body [28]. Further, contamination, instability, and
reactivity may introduce errors during the phases of collection, storage and laboratory
analyses of the biological material. For example, temperature is known to influence
concentrations of antioxidant (pro)vitamins over time [29].
Like the reference period of food consumption data, the period over which
intake is reflected, also determines the suitability of biological markers to estimate
long-term intake. If this is a short period, within-subject variation and systematic
effects of season and time of the day the biomarker is taken, should be accounted for.
Blood levels of B-carotene, vitamins C and E are known to reflect intake over a short
period of days to weeks [26], whereas B-carotene and vitamin E concentrations in
adipose tissue reflect intake over a longer period [17].

Outline of the thesis
The present thesis addresses a number of methodological issues related to intake
assessment of particularly vegetables, fruits, and antioxidant (pro)vitamins. In the first
part (chapters 2-3) vegetable, fruit and vitamin intake is related to cancer risk in two
studies with different designs and dietary assessment methods. In the chapters 4 to 7,
the estimation of measurement error in exposure is the central theme. Finally, in
chapter 8, problems in the assessment of vegetable, fruit, and vitamin intake in cancer
epidemiology are discussed from a general perspective.
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An example of an ecological analysis of the relationships between antioxidant
(pro)vitamins and cancers of the lung, stomach, and colo-rectum is presented in chapter
2. These data are taken from the prospective Seven Countries Study, in which the
variation in average intake of antioxidant (pro)vitamins and cancer mortality is large.
The antioxidant (pro)vitamins were analyzed in food-equivalent composites, thus
avoiding errors due to food composition tables. In chapter 3, intakes of vegetables,
fruits, and antioxidant (pro)vitamins are related to lung cancer risk at an individual
level using the data from the Zutphen Study. In this cohort study, dietary intake was
assessed repeatedly which made it possible to study relative risks for subgroups
according to average or stable intake over 10 years.
In chapter 4 the stability of blood (pro)vitamins when stored at -20 °C is
reported. The consequences of using blood, stored up to 4 years at this temperature,
to study the relationships between blood vitamin concentrations and the occurrence of
a given disease, such as cancer, are simulated. Chapters 5 and 6 concern a food
frequency questionnaire newly developed for the Dutch cohorts of the EPIC-study, i.e.
the European

Prospective Investigation

into Cancer and Nutrition

[30]. The

questionnaire covers many foods including several questions on fruits and a large
section on vegetables. The characteristics and development of the questionnaire along
with its reproducibility and relative validity for food groups and nutrients are described.
A method for estimating validity coefficients using a comparison of three different
types of exposure assessments is presented in chapter 7. Examples from EPICvalidation studies are used to illustrate this so-called method of triads.
The discussion in chapter 8 concerns general aspects of the assessment of
vegetables, fruits, and antioxidant (pro)vitamins and covers the consequences and
estimation of measurement error associated with these assessments with special
reference to multicenter cohort studies.
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Abstract
This ecologic study aimed to investigate whether differences in population mortality
from lung, stomach and colorectal cancer among the 16 cohorts of the Seven Countries
Study could be explained by differences in the average intake of antioxidant
(pro)vitamins. In the 1960s, detailed dietary information was collected in small subsamples of the cohorts by the dietary record method. In 1987, food equivalent
composites representing the average food intake of each cohort at baseline were
collected locally and analyzed in a central laboratory. The vital status of all participants
was verified after 25 years of follow-up. The average intake of vitamin C was strongly
inversely related to the 25-year stomach cancer mortality (r=-0.66, p=0.01), also after
adjustment for smoking and intake of salt or nitrate. The average intake of oc-carotene,
8-carotene, and a-tocopherol were not independently related to mortality from lung,
stomach, or colorectal cancer, nor was vitamin C related to lung and colorectal cancer.

Antioxidant

(pro)vitamins

and

cancer
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Introduction
Cancer of the lung, stomach, and colorectum are the types of cancer with the highest
mortality in males [1]. It has been suggested that high intakes of the antioxidant
(pro)vitamins could protect against these types of cancer, although results from
epidemiological studies on individuals are not conclusive [2-4]. In analytical studies,
most consistent inverse associations are observed for vitamin C and stomach cancer
[2], and for carotenoids and lung cancer [3].
The findings of no association could b e explained by attenuation due to
relatively large measurement errors in the assessment of antioxidant (pro)vitamin
intakes of individuals compared with the relatively small between-subject variation in
these intakes within populations. It is therefore interesting to know whether on a
population level differences in the average intake of antioxidant (pro)vitamins could
explain differences in mortality from lung, colorectal and stomach cancer. W e
addressed this question in the dataset of the Seven Countries Study [5], in which the
variation in intake of antioxidant (pro)vitamins and in cancer mortality is large.
Furthermore, a-carotene, 6-carotene, vitamin C, and a-tocopherol were chemically
analyzed in food equivalent composites representing usual intake of each of the 16
cohorts of the Seven Countries Study, thus avoiding measurement error caused by less
reliable food composition tables.

Material and methods
Subjects
Between 1958 and 1964 more than 12,000 men aged 40 to 59 years were enrolled in
the Seven Countries Study. In these countries, 16 cohorts were established: 11 among
rural areas in Finland, Italy, Greece, the former Yugoslavia and Japan; 2 cohorts of
railroad employees, one in the north western part of the U S A and one in Rome; one
of workers in a large cooperative in Serbia; one of faculty members of the Belgrade
University; and one of inhabitants of a small commercial market town in the
Netherlands. The characteristics of the cohorts have been described in detail by Keys
etal.

[5].

Dietary intake

assessment

Dietary information was collected in small random samples (8-49 men) of the
individual cohorts, using the 7-day record method in 14 of the cohorts, a 4-day record
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in the Japanese cohort at Ushibuka, and a 1-day record in the cohort of the U S
Railroad employees. In 14 cohorts, this took place between 1959 and 1964, whereas
in 2 cohorts dietary information was gathered around 1970. Information on vitamin
supplements was not collected, but their use was uncommon in the 1960s. In 1986 the
original dietary data of all these cohorts were recoded by one dietician (A.J.) in a
standardized way, and the average daily food intake was calculated for each cohort [6].
Subsequently, foods representing the average food intake of each cohort at
baseline were bought locally and sent by air in cooling boxes to the laboratory of the
Department of Human Nutrition, Wageningen Agricultural University, The Netherlands
(M.B. Katan). Within one day after arrival, the foods were cleaned and combined into
food equivalent composites representing the average food intake of each cohort. These
composites were subsequently homogenized, freeze-dried, and stored at -20 °C until
analyzed. To a part of the food equivalent composites that was not frozen oxalic acid
was added to preserve vitamin C. The antioxidant (pro)vitamin contents were
determined at the State Institute for Quality Control of Agricultural Products,
Wageningen, The Netherlands (P.C.H. Hollman). Determination of a and 8-carotene
was done using H P L C followed by spectrophotometric measurements [7], and
a-tocopherol was detennined using HPLC with spectrofluorescence detection [8].
Vitamin C was analyzed fluorometrically [9] within 10 days after arrival. With these
data the average intake of nutrients was calculated per cohort.
Vital status
The vital status of all men was checked almost every 5 years during 25 years of
follow-up, and the primary cause of death of the men who died was established
centrally by H. B . and A. M. In total, 56 men were lost to follow-up (0.4% of the
entire study population). The end points in the present study are mortality from lung
cancer (ICD 162), colorectal cancer (ICD 152-154) and stomach cancer (ICD 151) (8th
Revision of the International Classification of Diseases). Mortality as a proportion of
the initial population was highly correlated to mortality rates (r>0.95). Mortality as a
proportion is reported because it can be more easily interpreted than number of deaths
per person-year. The 25-year mortality was age-standardized using the direct method
with the age distribution of the whole study population as a standard.

Antioxidant

{provitamins

Statistical

analyses

and

cancer
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Regression analysis (PROC REG, SAS statistics), with the age-adjusted 25-year cancer
mortality as dependent variable and the population average antioxidant (pro)vitamin
intake as independent variable were first carried out univariately. Thereafter, potential
confounders were added to the models as independent variables. The potential
confounders consisted of known risk factors for the 3 types of cancer that were
available in the dataset and of the other antioxidant (pro)vitamins. For lung cancer
mortality the percentage of cigarette smokers and the intake of saturated fatty acids
were considered as confounders [10]. Intake of dietary fibre and fat were considered
as potential confounders for colorectal cancer mortality [11] and sodium or nitrate
intake and percentage of cigarette smokers for stomach cancer mortality [12,13]. This
was followed by adding the other antioxidant (pro)vitamins to the model. Due to the
limited number of degrees of freedom in the statistical analyses (n=16), only one other
antioxidant (pro)vitamin was adjusted for at the time, resulting in regression models
with a maximum of 4 independent variables. Two-sided ^-values less than 0.05 were
considered statistically significant. Log-transformed variables were also used for all the
above analyses, but since the results were similar untransformed results are presented.

Results
Mean intake of the antioxidant (pro)vitamins varied considerably by cohort (table 1).
For cc-carotene the range between the lowest and the highest intake was more than 30fold, whereas for the other 3 antioxidants this range was 7- to 8-fold. The Serbian
cohort in Velika Krsna and the Italian cohort in Crevalcore had a low average intake
of a - and 8-carotene and vitamin C, whereas the US railroad cohort had a high intake
of these antioxidants. The average intake of a-tocopherol was low in both Japanese
cohorts and high in both Greek cohorts. Pearson correlation coefficients between the
population average antioxidant (pro)vitamins ranged from -0.45 between oc-carotene and
a-tocopherol up to 0.39 between vitamin C and a-tocopherol. Dietary fibre was
positively correlated with a-tocopherol (r=0.52), nitrate intake was positively related
and sodium intake from foods was inversely related to 8-carotene intake (r=0.66, -0.53
respectively). The other potential confounders, intake of fat, saturated fatty acids, and
percentage of cigarette smokers were not strongly correlated with any of the
antioxidants studied.

