Fruits and vegetables and

the risk of epithelial cancer

Margje CJF Jansen




Promotoren

Prof. dr ir D Kromhout

Hoogleraar Volksgezondheidsonderzoek
Wageningen Universiteit

Prof. drir FJ Kok
Hoogleraar in de Voeding en Epidemiologie
Wageningen Universiteit

Co-promotor

Dr HB Bueno de Mesquita

Projectleider Kankerepidemiclogie _
Rijksinstituut voor Volksgezondheid en Milieu, Bilthoven

Promotiecommissie
Prof, dr ir PA van den Brandt
Universiteit Maastricht

Prof. dr WMF Jongen
Wageningen Universiteit

Prof. dr R Kroes
Universiteit Utrecht

Dr E Riboli
International Agency for Research on Cancer
Lyon, France

Drir P van 't Veer
Wageningen Universiteit



NU@S’ZOM%OSO“

Fruits and vegetables and

the risk of epithelial cancer

Margje CJF Jansen

Proefschrift

Ter verkrijging van de graad van doctor
op gezag van de rector magnificus

van Wageningen Universiteit

Prof, drir I. Speeiman

in het openbaar te verdedigen

op vrijdag 12 oktober 2001

des namiddags te vier uur in de Aula.




The research described in this thesis was conducted at the Depariment of Chronic
Diseases Epidemiology of the National Institute of Public Health and the
Environment in Bilthoven in collaboration with the Division of Human Nutrition and
Epidemiclogy of Wageningen University.

The PhD-project of Margje CJF Jansen was carried out in the framework of the

Graduate Schools VLAG (Food Technology, Agrobiotehnology, Nutrition and Health
Sciences) and NIHES (Netherlands Institute for Health Sciences).

Jansen, Margje Carola Johanna Francisca
Fruits and vegetables and the risk of epithelial cancer
Thesis Wageningen University — With references — With summary in Dutch

ISBN 90-5808-507-4

Printed by Universal Press, Veenendaal, The Netherlands



Ynogzol 805 <L
Stellingen

1. Variatie in groenteconsumptie verlaagt het risico op kanker.
2. Eva snoepte verstandig.

3. Een hoog absoluut risico is de beste uitgangssituatie voor een grote relatieve
risicoreductie.

4. ‘De rol van genen wordt ook nogal eens overschat omdat vooral heel dominante
afwijkingen in heel specifieke families zijn bestudeerd. De alledaagse rol van de
genen, die moeten we nog leren begrijpen.’

Prof dr D Boomstmna, Violkskrant 1 september 2007

5. Een onderzoeker die wetenschappelijke bevindingen op het gebied van voeding
an gezondheid in de fedia brengt, dient zich bewust te zijn dat de koristondige

aandacht niet bijdraagt aan gedragsveranderingen op fangere temijn.

6. Cohortonderzoek is gebaat bij grote aantallen kankerpatiénten; hierbuiten is elk
geval er één teveel,

7. Uit de term welvaartsziekten kan afgeleid worden dat ook welvaart een optimum
kent.

8. Kijken over de grenzen verscherpt je blik op je eigen gebied.

Stellingen behorend bij het proefschrift ‘Fruits and vegetables and the risk of epithelial
cancer’.

Margje CJF Jansen
Wageningen, 12 oktober 2001




Aan mijn vader,
Koos Jansen



Abstract

In this thesis, prospective studies on fruit and vegetable consumption in relation to
epithelial cancer risk were described. The main research question was whether
higher intakes were related to lower risks of epithelial cancers, mainly of lung cancer.
In the Seven Countries Study, at the population level, consumption of fruits,
vegetables and total plant foods was not related to colorectal cancer risk, whereas a
difference of 10 g/d of fiber intake was associated with a 33% lower risk. Average
population consumption of fruit was inversely and of refined grains positively related
to population stomach cancer risk. Low consumption of fruits was however strongly
correlated with high refined grain consumption.

Fruit but not vegetable consumption was inversely associated with 25-year lung
cancer mortality among European smoking men. This association was confined to
heavy cigarette smokers. In Duich men and women aged 20-59, vegetable
consumption was inversely associated with lung cancer incidence, particularly of
adenocarcinomas. Fruit consumption was not related to lung cancer after adjustment
tor smoking.

Adherence to the dietary guidelines for fruits and vegetables was inversely
associated with cancer incidence in Dutch elderly men. Consumption of the
recormmended amount of fruit was related to a 38% lower risk, while vegetables were
not associated. Variety in vegetable intake was however inversely related to total
and non-lung epithelial cancer,

Plasma carotenoid concentrations were only crude indicators of usual vegetable and
fruit intake in Dutch men and women aged 20-59. Plasma B-cryptoxanthin indicated
fruit intake and total intake of vegetables, fruits and juices, whereas lutein was a
marker for vegetable intake. Concentrations of caratenoids could not differ between
alt four quartiles of intake.

During 1987/88-1997/98, the mean fruit and vegetable consumption (excluding
juices) decreased with 34 g/d (12%) in Dutch men and 23 g/d (8%) in Dutch women.
The consumption was lowest and decreased most in those aged 19-35 with a low
level of education. Using a computer simulation model, the maximum theoretically
reduction in cancer incidence, i.e., when all would consume the recommended 400
grams daily, was estimated to be 14 to 22% for this group.

Valid assessment of fruit and mainly of vegetable intake, residual confounding by
smoking and enough power of the study are major methodological concems. In recent
cohort studies weaker associations were observed compared to earlier risk estimates.
Taken all evidence together, an inverse association between fruit and vegetable intake
and cancer of the lung, stomach and colen/rectumn is still indicated. There is not enough
evidence yet to point at specific fruits and vegetables or plant compounds as
responsible actors.
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Chapter 1

Cancer occurrence

Cancer is a major health problem throughout the world, indicated by the cancer
incidence of 10 million cases worldwide in 2000". In 1997, 65,000 cancer cases of
which 34,000 in men were diagnosed in The Netherlands®. Because 10% of these
cases were already prevalent cancer cases, cancer incidence was around 58,500
cases. In men, lung cancer was most common (20%), followed by prostate cancer
(19%) and colorectal cancer {13%). In women, breast cancer cccurred most (32%]},
followed by colorectal cancer (13%) and lung cancer (7%). Stomach cancer
comprised 4% of the male cancer cases and 2% of the female cases. Cancer is most
prevalent in clder individuals: 66% of all women and 75% of all men with cancer
were aged 60 years and over. In 1997, cancer was the second cause of death in The
Netherands with 37,000 cases. The prognosis of lung cancer and stomach cancer is
poor. The percentage of patients dying within 5 years is 85-95% and 80-90%,
respectively. For colorectal cancer, prognosis is somewhat better with this
percentage being 40-50°.

Diet, smoking and cancer

Cancer incidence varies widely around the world and over time®. This fact
combined with observations that rates in immigrants converge to local cancer rates
within a few generations® exclude the possibility that variation in cancer pattemns is
fully due to genetic differences.
Based on ecological, time trend and migration studies, Doll and Peto estimated in
1981 that dietary modification could potentially avoid 35% of the US cancer deaths.
The range around their estimation was wide, i.e., 10 to 70%°, and was narrowed to
20-60% by Doll ten years later®. Doll and Peto stressed the need for analytical
epidemiological studies investigating the role of diet in the occurrence of cancer®.
Such studies have indeed been performed, and based on these results Willett
reduced the uncertainty of Doll and Peto to a range of 20 to 42% with 32% as best
estimate in 1995’
Whereas in earlier thinking about the relation belwean diet and cancer especially
adverse effects were emphasized, such as the association high fat in relation to
colorectal cancer, epidemiological studies conducted since the eighties yielded
accumulating evidence for a protective effect of fruits and vegetables on epithelial
cancer risk. '

The carcinogenic effect of smoking tobacco is beyond dispute. In 1981, Doll and
Peto estimated smoking to be responsible for one-third of the cancer cases®. This is
still the estimation for developed countries, and among smokers 60% of the cancers
are contributed to smoking®. Especially the risk of lung cancer is predominantly
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determined by smoking; the estimated attributable risk is 80-90% in men and 60-80%
in women®. Also other forms of cancer, among them stomach cancer and colorsctal
cancer have been related to smoking®'°. Most evidence exists for cigarette smoking,
however, studies show that also cigar and pipe smoking raises lung cancer risk'"'2,
Twenty carcinogens in tobacco smoke convincingly cause lung tumors in laboratory
animals or humans. Of these, polycyclic aromatic hydrocarbons (PAHS) such as
benzo[a]pyrene, and 4-(methylnitrosamino)t-(3-pyridyl)-1-butanone (NNK) are likely
to play major roles. These carcinogens require metabolic activation. Detoxification
differs among individuals, and this will affect cancer risk'®,

Because of the tremendous impact of smoking on cancer and because smokers
tend to eat less fruit and vegetables', residual confounding of smoking in the
observed relation between fruit and vegetable intake and cancer is a serious
possibility. Therefore, adjustment for smoking in the analysis is of major importance.

Fruit and vegetable intake in relation to epithelial cancer

At the start of the research described in this thesis, many epidemiological studies
on the association between fruit and vegetable intake and cancer were already
conducted. Studies investigated both intakes of whole foods as their components.
Many studies indicated an inverse association, although statistica! significance was
not always reached. Risk reductions were most consistent and greatest in magnitude
for epithelial cancers of the respiratory and alimentary tracts. Several papers
systematically reviewed the existing evidence'®'®, Because the majority of the
conducted studies were case-control studies, which are prone to several types of
biases, the question was raised whether these observations would hold in
prospective studies. Other unsolved issues were inconsistent results for subgroups
within populations, for example between smokers and non-smokers. Moreover, it
was not clear whether specific fruits or vegetables, subgroups or components were
responsible for the inverse associations. Grains, especially whole grains, were also
postulated as plant foods that potentially could prevent cancer'’.
Therefore, in this thesis epithelial cancers, mainly lung cancer, are taken as
endpoints of interest in prospective epidemiological studies. Besides the overall
effect of fruit and vegetable intakes, subgroups of these foods are related to cancer
risk, and populations are divided into subgroubs whenever relevant and numbers are
large enough. In these subgroup-analyses it is tried to address etiological questions
still remaining in this research area.
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Carcinogenesis and proposed protective mechanisms

Cancer is characterized by DNA damage leading to unprogrammed and
uncontrolled cell proliferation’. Evidence is growing that cancer is a result of an
accumulation of genetic damage. This basic concept is common to all cancers, but
cancer cannot be seen as a single disease. Cancers are derived from numerous
tissues with multiple eticlogies. The causes of cancer are many and varied, and
include genetic predisposition, environmental influences, lifestyle factors and
infectious agents'®.
Carcinogenesis is a multi-stage process and can be simplified by the following steps:
exposure to relevant agent(s), metabolism of agent(s), interaction between agent(s)
and DNA (i.e. initiation), repair of DNA damage, apoptosis or persistence and
replication of transformed cells, growth of transtormed cells into pre-neoplastic cells
{i.e. promotion), further growth of tumor cells and spread to other parts of the body
{(i.e. progression). The time between initiation and clinical signs of cancer can be
decades. Inherited abnormalities in DNA are rare and most DNA damages occur
during life. Genetic damage can also be induced by normal metabolic functions
producing oxygen radicals. Mutations may induce oncogenes and limit functioning of
tumor suppressor genes and DNA-repair genes. Genes may also lose their function
by for example hyper- or hypomethylation.
It is suggested that cancers result from six essential alterations in cell physiology that
lead in combination to malignant growth, i.e., self-sufficiency in growth signals,
insensitivity to growth-inhibitory signalis, evasion of apoptosis, limitless replicative
potential, sustained angiogenesis, and tissue invasion and metastasis'®,

Not all DNA damage results in cancer. DNA-repair mechanisms and apoptosis
may prevent initiated celis from growing into cancer cells. Moreover, not all
mutations come to expression, and thus do not lead to functional changes.
Altematively, exogenous factors may protect against cancer by interacting with the
carcinogenic process. Fruits and vegetables contain many compounds for which
protective effects have been postulated or shown experimentally. Proposed
preventive mechanisms include their antioxidant activity, modulation of detoxification
enzymes, stimulation of the immune system and antibacterial and antiviral activity”'.
Formation of carcinogenic agents may be prevented by plant compounds, such as
the formation of nitrosamines which is thought to be inhibited by vitamin C. Plant
compounds such as vitamin C and E can scavenge oxygen radicals before they can
damage DNA, this is also called antioxidant activity. Moreover, most carcinogens
need activation before they can potentially damage DNA. Actlivation is a nomal
enzymalic process and is performed by phase | enzymes, such as cytochrome P450.
Thereafter, carcinogens can be detoxified by phase [l enzymes. Components from
fruits and vegetables are hypothesized to prevent cancer through modulation of
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phase | and Il enzymes activities. For example, carotenoids are hypothesized to
block the phase | enzymes and isothiocyanates in cabbages are hypothesized to
induce phase |l enzymes. Plant food compounds may also exert their action later in
the cancer process, such as stimulating apoptosis or suppressing cellular
proliferation. Several mechanisms have been poslulated for suppression, among
them are antioxidation, improvement of cell communication and stimulating immune
factors®®?, Several compounds from fruits and vegetables have been hypothesized
to possess anticarcinogenic effects, while many compounds present in these foods
have not been identified yet.

Altermatively, it is still possible that associations between vegetable and fruit intake
and cancer are not causal. Till now no ultimate proof is present. Other characteristics
of individuals associated with eating fruits and vegetables may explain the
associations observed. Smoking is the main candidate in this context. However,
dietary and other lifestyle factors are not equally associated in different societies,
and yet the inverse relation between intake of fruits and vegetables has been
observed throughout the world.

Assessment of fruit and vegetable intake

One of the weaknesses of observational epidemiological studies is the difficulty of
assessing intake of fruits and vegetables in a valid and precise way®*. Especially
measuring usual intake, which is of major importance when studying relations with
cancer risk, is difficul. Seasonal variation in intake and assessment of portion sizes
are specific problems in assessing fruit and vegetable intake.

Measuring fruit intake seems less problematic compared to vegetables. The main
reasons for this difference are that in general only a few fruits contribute most to total
fruit intake, and that fruit consumption can often be estimated in pieces or bowls. The
variety in vegetables eaten is mostly much greater and consequently results in less
frequent consumption of each type, making estimation of the average consumption’
per vegetable more difficult.

In the studies described in this thesis, several dielary assessment methods have
been used, i.e., a record method in Chapters 2, 3 and 8, collecting food composites
in Chapter 2 and 3, a cross-check dietary history in Chapters 4 and 6, and food
frequency questionnaires in Chapters Sand 7.

Given the potential measurement error in the assessment of fruit and vegetable
intake, biochemical indicators, i.e. biomarkers, of intake for these foods could be
useful in epidemiological research. Carotenoids are under study for this purpose.




Chapter 1

Outline of thesis

In this thesis intakes of fruits and vegetables are associated with the risk of
epithelial cancers, in a number of populations using several dietary assessment
methods. In addition, some attention has been paid to the role of intakes of grains,
potatoes and legumes, i.e., other plant food groups. All etiological studies conducted
were prospectively designed, in order to test whether such studies resulted in less
consistent or less strong relationships between fruit and vegetable intake and cancer
risk compared to case-control studies. Moreover, subgroups of intake and dietary
components were associated with cancer to investigate whether specific groups or
components could be responsible for cancer prevention. Plasma carotenoid
concentrations were studied cross-sectionally for their potential to categorize
persons according to usual fruit and vegetable intake. To place the research in a
public health perspective, the potential impact of fruits and vegetables on reducing
cancer incidence in a sub-population in The Netherands was estimated by computer
simulation.

Prospective studies were conducted at the population level (Chapters 2 and 3)
and at the individual level {Chapters 4, 5 and 6). intakes of fruits, vegetables, other
plant food groups, their subgroups and several compounds were studied in relation
to colorectal cancer mortality in Chapter 2 and stomach cancer mortality in Chapter
3. Both analyses were based on the international Seven Countries Study. In Chapter
4, the scope is restricted to Europe, i.e., cohorts from Finland, ltaly and The
Netherlands. In this study intakes of fruits and vegetables were related to lung
cancer mortality in men aged 50-69, followed from 1970 to 1995. Chapter 5 refers to
more recent Dutch data and also includes women. Fruit and vegetable intakes were
associated with lung cancer incidence in Dutch men and women 20-59 years of age
followed for 8.4 years on average.

In Chapter 2 to 5, intakes were divided into categories, such as mostly done in
epidemiclogical research. However, dietary recommendations for fruit and vegetable
intake have been formulated in absolute amounts. In The Netherlands it is advised to
eat 200 grams of fruits and 150-200 grams of vegetables each day. Moreover,
variety in intake of these foods is recommended. In Chapter 6 we therefore
investigated whether adherence to these guidelines was associated with a lower
cancer risk in elderly men from the Zutphen Elderly Study followed for 10 years.

Because assessment of fruit and vegetable intake has several drawbacks, we
measured plasma carotenoid concentrations and related them to intake data in a
sample of the MORGEN-project, one of the Dutch contributions to the EPIC-study
(Chapter 7). In this cross-sectional study we investigated whether plasma carotenoid
concentrations could be used to divide persons based on their usual fruit and
vegetable intake. In Chapter 8 we briefly described the fruit and vegetable intake of
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adults in The Netherlands based on the Dutch National Food Consumption Surveys
held in 1987/88, 1992 and 1997/98. With the situation in 1997/98 as a starting point,
we estimated the potential impact of increasing fruit and vegetable intake on the
prevention of cancer incidence. Finally, a general discussion follows in Chapter 9.
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Chapter 2

Abstract

Many observationa! studies have found that higher consumption of vegetables,
and to a lesser extent of fruits, was associated with lower risk of colorectal cancer. In
particular, fiber or foods high in fiber have received attention in the potential
prevention of colorectal cancer.

We performed an ecological analysis with data of the Seven Countries Study, to
investigate whether intake of fiber and plant foods contributes to cross-cultural
differences in 25-year colorectal cancer mortality in men. In the Seven Countries
Study, around 1960 12,763 men aged 40 to 53 were enrolled in 16 cohorts in 7
countries. Baseline dietary information was gathered in smafl random samples per
cohort, and nutrient intakes were based on chemical analyses of the average diets
per cohort. Crude and energy-adjusted mortality rate ratios were calculated for a
change of 10% of the mean intake of fiber and plant foods, i.e., total plant foods,
fruits, vegetables, potatoes, grains, and related subgroups. Fiber intake was
inversely associated with colorectal cancer morality with an energy-adjusted rate
ratio (RR) of 0.89 (95% confidence interval (CI) 0.80-0.97}. An increase of 10 gram
of daily intake of fiber was associated with a 33% lower 25-year colorectal cancer
mortality risk. Intakes of vitamin B6 (RR 0.84, 95% Cl 0.71-0.99) and a-tocopherocl
(RR 0.94, 95% C! 0.89-0.99) were also inversely associated with risk. Consumption
of plant foods and related subgroups was not related to colorectal cancer.

It appears that fiber intake best indicates the part of plant food consumption,
including whole grains, that is relevant tor lowering colorectal cancer risk.

Introduction

Worldwide, cancer of the large bowel is the third most frequent type of cancer.
Male colon cancer incidence rates vary 19-fold'. Migrant studies suggest that
variance in incidence may be due largely to differences in dietary and other
environmental factors, though genetic factors also play a role. There are few data to
suggest that the dietary risk factors for rectal cancer are markedly different from
those of colon cancer”. However, alcohol intake may be more involved in the
etiology of rectal cancer.

It has been suggested repeatedly that consumption of vegetables and, to a lesser
extent, of fruits is associated consistently with a lower risk of colorectal cancer.
Among vegetable types, resuits for cruciferous vegetables are most consistent®,
Fiber or foods high in fiber are inversely associated with colorectal cancer in most
studies®. The protective effect of vegetables and fruits may be due to their many
anticarcinogenic components, such as fiber, carotencids, vitamins C and E, folate,
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indofes, isothiocyanates and polyphenols. Whole grains contain many of the same
compounds and, therefore, may share some of the beneficial properties of fruits and
vegetables®,

We conducted an ecological analysis, using the Seven Countries Study, to
investigate whether consumption of fiber and plant foods, i.e., fruits, vegetables,
potatoes and grains, and subgroups of these foods, could explain differences in 25-
year colorectal cancer mortality in men. Moreover, intakes of plant-based dietary
components, chemically analyzed in the average diet per cohort, were evaluated for
their association. This ecological study is unique in that food consumption data were
gathered in random sub-samples at the individual level, and cchort members were
followed for 25 years,

Subjects and methods

Study design and participanis

Between 1958 and 1964, 12,763 men aged 40-59 years from 16 cohorts were
enrolled in the Seven Countries Study, with a participation rate of more than 90%".
Ten cohorts were established in rural areas of Finland (East and West), italy
{Crevalcore and Montegiorgio), Croatia (Dalmatia and Slavenia), Serbia (Velika
Krsna), Greece (Crete and Corfu) and Japan (Tanushimaru); 2 cohorts of railroad
employees in the United States and ltaly (Rome Railroad); 1 of inhabitants of a small
commercial market town in The Netherlands (Zutphen); 1 of workers in a large co-
operative in Serbia {Zrenjanin); 1 of faculty members in Belgrade; and 1 fishing
village in Japan (Ushibuka). Characteristics of these cohorts have been described
elsewhere®.

Dietary information

During the baseline survey, dietary information was collected in small random
samples {(8-49 men) of each of the 16 cohorts using the record method (Table 1).
Diet was recorded for 7 days, except in Ushibuka (4 days), and in US Railroad (1
day). Collection took place between 1959 and 1964, with the exception of Rome
Railroad and Ushibuka (around 1970). The dietary data were recoded in a
standardized way by one dietitian in 1986’. However by then, the Greek records
were no longer available, and had to be reconstructed from the results of Greek
dietary surveys® and food balance sheets from Greece in 1961-1965.

Qur main focus was on plant foods, i.e., fruits, vegetables, potatoes and grains.
We considered plant foods as such (vegetable oils and aicoholic beverages not
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included), and defined several subgroups, mainly based on botanical taxonomy and
phytochemical content. Intakes of legumes, fruit preserves and fruit juices were
included in consumption of plant foods and of fruits, respectively. Figure 1 presents
an overview of the plant food groups investigated. The exact classification is
available on request. Because of its relation with colorectal cancer, our analyses
also included meat consumption, which was mainly red meat.

plant foods
I
f I I |
vegetables potatoes truits cereals
e | —
non- cruciferous fresh citrus bread other
salted green lealy fresh non-citrus cereals
yellow-orange T Y
allium . -
refined refined
whole whole
grain H grain

Figure 1  Plant food groups investigated for their relationship with 25-year colorectal
cancer mortality in the Seven Countries Study

In addition to food groups, intakes of dietary components were investigated:

dietary fiber, polygalacturonic acid (approximately 80% of pectin), B-carotene,
vitamin C, vitamin B6, folate and a-tocopheral. In human diets, plant foods are the
main source of fiber, polygalacturonic acid, B-carotene and vitamin C. Pectin is more
present in fruits and vegetables than in grains. Both vegetable and animal foods
contain vitamin B6, folate and a-tocopherol.
In 1987, food-equivalent composites representing the baseline average food intake
in each of the 16 cohorts, were collected locally and chemically analyzed in a central
laboratory according to a strict protocol. Chemical analyses for macronutrients, fiber,
polygalacturonic acid and minerals were performed at the laboratory of the
Department of Human Nutrition, Wageningen Agricultural University (Wageningen,
The Netherlands). Vitamins were measured at the State Institute for Quality Control
of Agricultural Products (Wageningen, The Netherlands). Methods of analysis were
all according to standard methodology of that time and have been described
elsewhare®,

Mortality follow-up
During 25 years of follow-up, 5,974 men died. Data on vital status and causes of

death were collected by means of death certificates, medical records, and interviews
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of physicians and relatives of the deceased. Underlying cause of death was coded
by two central reviewers according to the Eighth Revision of the International
Classification of Diseases (ICD). Overall, only 56 men (0.4%) were lost to follow-up.
The endpoint in the present study is colorectal cancer mortality (ICD 153-154).

Statistical analysis

Correlations presented are Pearson correlation coefficients; non-normal
distributed variables have been log-transformed. Poisson regression was used to
examine associations between dietary intake and colorectal cancer in terms of
mortality rate ratios (PROC GENMOD, SAS statistics version 6.12). Two-sided p-
values less than 0.05 were considered statistically significant. Number of colorectal
cancer cases per cohort was the dependent variable. To adjust for differences in
cohort size and survival time, the log. of the person-time per cohort was used as the
offset variable. Cohort mean daily intakes of fiber, plant foods and other dietary
variables were the independent variables. Analyses were carried out for a change in
intake of 10% of the mean overall consumption. Age, smoking, physical activity, BMI
and intakes of energy, total fat, saturated fat, and alcohol were considered as
potential confounders.
Baseline data on age, smoking, and physical activity were collected by a
standardized questionnaire®. Physical activity was coded into four categories
(bedridden, sedentary, moderately active, hard physical work) based on information
on occupation and usual aclivities, including part-time jobs and notabie non-
occupational exercise. Height and weight were measured in a standardized way at
baseline. Information on intakes of energy, total fat, saturated fat and alcohol was
derived from the dietary assessment method described above. Mean scores per
cohort were used in the analyses. For smoking, prevalence of smokers per cohort
was used. Because of the very narrow age-range (Table 1), age was not included in
multiple analyses; moreover, analyses showed no association with age (data not
shown). Univariate analyses for smoking, BMI, total and saturated fat intake and
alcohot intake did not indicate an association for any of these variables with
colorectal cancer mortality (resuits not shown). For energy intake (RR 0.88, 95% Cl
0.76-1.01) and physical activity (RR 0.90, 85% CI 0.79-1.02), inverse relationships
with colorectal cancer mortality were indicated, although not statistically significant.
Energy intake, considered most reliable of the two, and physical aclivity were
statistically significant correlated among cohorts (r=0.52). Consequently, risk
estimates were adjusted for intake of energy only. Further adjustment for smoking
did not change the results, and is therefore not reported.
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Results

Cohort size, mean age, number of men from whom dietary information was
collected, and cancer mortality data of the 16 cohorts of the Seven Countries Study
are shown in Table 1. During the 25-year follow-up period, 1580 men died of cancer,
of whom 162 due to colorectal cancer (100 colon and 62 rectum). The highest age-
adjusted colorectal cancer mortality, 2%, was observed in Zutphen and US Railroad,
and the lowest, 0.1%, in East Finland.

Table 1 Cohort size, mean age, number of men from whom dietary information was
gathered and 25-year cancer and colorectal cancer mortality of the 16 cohorts of
the Saven Countries Study, 1958-1988

Cohort Country Number  Mean Number Cancer  Colorectal
of men age dietary mortality' cancer
at {vears) information (%) mortality
baseline N Rate
{%)'
US Railroad USA - 2571 498 30 11.1 50 2.0
East Finland  Finland 817 49.0 30 12.6 1 03
West Finland Finland 860 50.1 30 12.3 B 09
Zutphen Netherlands 878 50.1 45 17.7 17 2.0
Crevalcore Italy 993 50.0 29 17.0 15 1.6
Montegiorgio  italy 719 49.6 35 12.5 7 14
Rome Italy 768 487 49 122 10 14
Railroad
Datmatia Croatia 671 50.6 24 9.5 4 05
Slavonia Croatia 696 50.5 24 104 8 11
Velika Krsna Serbia 511 49.9 21 10.3 8 17
Zrenjanin Serbia 516 49.2 40 131 8 14
Belgrade Serbia 536 47.8 41 8.4 4 06
Crete Greece 686 492 31 - 8.4 6 09
Corfu Greece 529 49.8 37 10.7 2 04
Tanushimaru Japan 508 50.7 24 12.6 9 16
Ushibuka Japan 502 50.0 8 18.3 5 1.0

' N=number; both number and rate age-adjusted

Baseline representative daily intakes of fiber and some of the other components
analyzed in the food composites, and mean daily consumption of plant foods,
several plant food groups and meat are given in Table 2. Fiber intake was correlated
with consumption of plant foods (r=0.69), potatoes {r=0.49), and whole grain bread
{r=0.69).

Table 3 shows results of Poisson regression analyses for fiber, plant foods, some
dietary components and meat. Fiber intake was inversely associated with colorectal
cancer mortality (energy-adjusted RR 0.89, 95% Cl 0.80-0.97). This means that an
increase of 10 gram of daily intake of fiber was associated with a 33% lower
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Chapter 2

Table 3  Relations between baseline mean daily intake of several dietary components
and food groups and mortality from colorectal cancer in the Seven Countries
Study, 1958-1989

10% of Crude Adjusted for energy intake

mean

intake Rate 95% Cl  pvalue Rate 85% Cl  pvalue
ratio ratio

Dietary fiber 3.32g¢g 088 0.81-085 <0.001 0.89 0.80-097 0012

Polygalac- 028¢ 094 082108 0342 096 08B4-1.10 0.555
turconic acid

Plant foods 93.09g 0.88 077-1.00 0.050 091 079-1.03 0.183
Grains 46.0 g 0.95 0.89-1.01 0.103 098 089-1.06 0573
Bread 3279 096 0.92-1.01 0.107 098 091-1.06 0.681
Whole grain 1789 098 0951.00 0.097 098 0.95-1.01 0.272
bread

Vegetables 18.2g 1.03 0.83-1.15 0.564 100 0.89-1.12 0973
Fruits 13.1¢g 1.00 0.88-1.02 0.923 0.99 0.96-1.02 0.514
Vitamin B6 0.17mg 084 070-1.00 0.058 084 071-0.99 0.041
Folate 0.08mg 089 0.79-1.01 0.063 093 078-1.10 0.3
a-Tocopherol 1.29mg 093 0.88-098 0.011 0.94 089099 0.040
Meat i21g 1.04 1.00-1.07 0.022 1.03 1.00-1.06 0.094

colorectal cancer mortality risk. In Figure 2, fiber intake is plotted against the age-
adjusted 25-year colorectal cancer morality. Analyses for fiber with one cohort
removed at a time indicated a robust relationship (data not shown). Analyses after
removal of the two cohoits with the highest fiber intake, i.e., East-Finland and Corfu,
resulted in an association of 0.93 (95% C! 0.85-1.00) and energy-adjusted 0.95
(95% CIl 0.85-1.05). Polygalacturonic acid was not related to colorectal cancer
mortality.

Consumption of plant foods was inversely related to colorectal cancer mortality
appreoaching statistical significance (RR 0.88, 95% Cl 0.77-1.00). Adjustment for
energy intake attenuated this association (RR 0.91, 95% CI 0.79-1.03}. Plant food
groups showed no relationship with 25-year colorectal cancer mortality. Only crude
analyses for grains (RR 0.95, 95% Cl 0.89-1.01), bread {(RR 0.96, 95% CI 0.92-1.01)
and whole grain bread {RR 0.98, 95% Cl| 0.95-1.00) gave some indication of an
inverse association.

We observed a statistically significant inverse association for intake of a-
tocopheral (RR 0.93, 95% CI 0.88-0.98), whereas the intakes of folate (RR 0.89,
95% Cl 0.79-1.01) and vitamin B6 {RR 0.84, 95% Cl 0.70-1.00) were inversely
related with borderline significance. Adjustment for energy intake did not materially
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Figure 2 Association between baseline dietary. fiber intake (g) and 25-year colorectal
cancer mortality (%} in the Seven Countries Study, 1958-1989
UR, US Railroad; EF, East Finland; WF, West Finland; ZU, Zutphen; CR, Crevalcore; MO,
Montegiorgio; RO, Rome Railroad; DA, Dalmatia; SL, Slavonia; VK, Velika Xrsna; ZR,
Zrenjanin; BE, Belgrade; CT, Crete; CF, Cortu; TA, Tanushimaru; US, Ushibuka

influence the risk estimates for g-tocopherol and vitamin B6, although the
association with vitamin B6 reached statistical significance. The rate ratio for folate,
however, was attenuated by adjustment for energy. intakes of B-carotene and
vitamin C were not related to risk.

Intake of fiber was highly correlated with intakes of vitamin B6 (r=0.66), folate
(r=0.70) and to a lesser extent a-tocopherol (r=0.52). Due to multicollinearity, we
could not examine the combined effect of these components.

Consumption of meat was positively associated with colorectal cancer mortality in
crude analyses only (RR 1.04, 95% Cl 1.00-1.07). Although this relationship did not
hold after adjustment for energy intake, we evaluated the potential confounding
effect of meat consumption. Adjustment for intake of energy and meat did not
materially change the relationship between fiber and colorectal cancer (RR 0.90,
95% Cl 0.81-0.99), further attenuated the association with plant foods (RR 0.97,
95% Cl 0.80-1.16), and strengthened the inverse relation with vitamin B6 (RR 0.78,
95% Cl 0.67-0.91).
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Discussion

We studied the role of dietary fiber and ptant foods in colorectal cancer mortality
among men at the population level. Fiber intake was consistently related to reduced
popuiation risk: a 10-gram increase in daily fiber intake was associated with a 33%
lower 25-year colorectal cancer mortality risk. Moreover, intakes of vitamin B6 and a-
tocopherol were inversely associated with colorectal cancer mortality. Although
consumption of fiber and plant foods was highly correlated, plant foods or subgroups
were not related to risk. It seems that fiber intake best indicates the part of plant food
consumption, including whole grains, that is relevant for loweting colorectal cancer
risk.

Ecological analysis for testing etiological hypotheses has its limitations, mainly by
the potential for substantial bias in effect estimation. The central problem is known
as “ecological fallacy™'°, The advantages of this design are a large variation in both
exposure and outcome, and relatively small measurement errors in the exposure. In
contrast to our study, most other correlation studies use per-capita-disappearance
data to assess dietary intake, resulting in a poor estimate of intake; they do not
investigate the same population for exposure and autcome; and they do not fulfill the
temporality criterion. in addition, we chemically analyzed the nutrients studied.
Howaver, our study did have some disadvantages: 16 cohorts is a small number;
dietary records were kept by only a subgroup of the cohort; 25 years passed
between the dietary assessment method and the buying of the foods to be analyzed,
food consumption around 1960 may not be an appropriate indicator for average food
consumption during 25 years of follow-up. Regarding the latter, although differences
in food consumption patterns have diminished, characteristic differences between
the cohorts were still present after 20 years’. Furthermore, the assignment of
statistical significance is complicated by the large number of models anaiyzed,
making it possible that some associations have occurred by chance,

We are not aware of ecological studies relating plant foed consumption with
colorectal cancer. Studies on percentage vegetable calories'’ show a weak inverse
correlation with colorectal cancer (r around -0.3). In our study and other cross-
cultural studies, fruit and vegetable consumption was not related to cclorectal
cancer'?'. An ecological study in Britain, however, showed an inverse correlation
for vegetables other than potatoes with death rates from colon cancer'®. Our finding
is in contrast with results from most case-control studies. Vegetable consumption,
especially, is consistently inversely associated with risk®. Possibly this is due to the
study design: associations at the individual level are not necessarily the same as

those at the population level. This depends mainly on the distribution of other risk
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factors within populations. Because the possibilities of controlling for other factors
are limited, residual confounding may be present. Furthermore, the variation in
vegetable intake between cohorts was moderate.

Grain consumption has been inversely associated with colorectal cancer in
ecological studies' '™, In crude analyses, we found indications for an inverse
association for grains, which appeared to be based mainly on whole grains. This
result is in line with other findings, since all but one'® presented crude relations only.

We consistently found an inverse association of colorectal cancer with chemically
analyzed intake of fiber. For pectin, water-soluble fiber, no relation was found. In
most correlation studies'™'’, but not all'®'®, inverse associations between fiber
intake and colorectal cancer were seen. The study by Bingham et al.'® compared
regions of Britain and therefore had a smaller variation in fiber intake. Leaving out
the two cohorts with the highest fiber intake weakened the risk estimates; however,
non-significant inverse associations were still present. It seems that the association
found for fiber was substantially driven by the cohorts with an average fiber intake of
50 grams per day or more, This may perhaps indicate that the amount of fiber
necessary to produce a benefit may exceed 30 to 40 grams per day.

Many years ago, Burkitt'® hypothesized that fiber may protect against cancer of
the large bowel. He attributed the low incidence of bowel dissase among Africans to
the bulkiness of their stools, due to high consumption of whole plant foods, in
particular a high intake of fiber. Possible mechanisms of action include reduction of
transit time, binding of bile acids, fermentation to volatile fatty acids which may be
directly anti-carcinogenic, and/or reducing the conversion of primary to secondary
bile acids by lowering pH.

Since grains contain not only fiber, but also folate and vitamin B8, the association
seen for fiber may be partly caused by those vitamins, or even other components.
We are not aware of ecological studies investigating the association of vitamin B8
and folate with colorectal cancer. Experimental, case-control and cohort studies
suggest possible involvement of folate in colon cancer etiology®®: we therefore tested
this relationship in our study. Although we found an indication for an association, no
statistical significance was reached. Folate is involved in DNA synthesis and is an
important methyl donor in methionine metabolism. Impaired DNA synthesis and
deregulation in DNA methylation may enhance the risk of large bowel cancer. Both
folate and vitamin B6 play a role in methionine metabolism and in the synthesis of
nucleotide precursors of DNA?', In the present study, the association with vitamin B6
was strong and persisted after adjusting for intake of energy and meat.
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For folate, it appeared that the microbiological assay used measured only the
monogiutamates, i.e., the free form of folate. In foods, however, folates are mainly in.
the form of polygiutamates. The sum of mono- and polyglutamates is known as total
folate. It has been suggested that free folate is more available to humans; however,
since polygiutamates are broken down to monoglutamates in the intestine, total
folate may be of main interest. We assume that the ranking of the cohorts according
to intake of free folate corresponds with that of total folate intake. Yet this may not
be true, since the ratio of free folate to total folate in foods is not constant, but
depends on several conditions,

An inverse association was found between a-tocopherol intake and colorectal
cancer mortality risk. Results on this relationship are not consistent in the literature.
o-Tocopherol was also correlated with fiber intake. It is not clear whether fiber
intake, the antioxidant capacity of a-tocopherol! itself, or another mechanism, was
responsible for the association.

In conclusion, high fiber intake was strongly associated with low colorectal cancer
mortality, while intakes of vitamin B8 and a-tocopherol were also inversely related to
risk at the population level. An increase of 10 gram in the daily intake of fiber was
associated with a 33% lower risk of 25-year colorectal cancer mortality.
Consumption of plant foods or plant food groups was not related to colorectal
cancer. Dietary fiber appears to be an indicator for the part of plant food associated
with low colorectal cancer risk in men at the population level.
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Abstract

Plant foods are generally considered to be beneficial for health, A higher
consumption of fruits, and to a lesser extent vegetables, is consistently associated
with a lower risk of stomach cancer. Results on the association between stomach
cancer and grain consumption are less clear.

We associated plant food consumption with 25-year stomach cancer mortality at
population level in the Seven Countries Study. Around 1960, over 12,000 men aged
40-59 years from 7 countries and 16 cohorts were enrolled. In each cohort, distary
infformation was collected in small random samples. Crude and adjusted
associations were calculated for a change of 10% of mean intake. Results differed
for the plant foods studied: an inverse association was observed for fruits (adjusted
rate ratio (RR) 0.96, 95% confidence interval (Cl) 0.91-0.99), a positive relation for
refined grains (adjusted RR 1.07, 95% Cl 1.03-1.12), and no asscciation for total
plant foods, vegetables, whole grains, and potatoes. A high intake of refined grains
was correlated with a low consumption of fruits.

In conclusion, high intake of refined grains may increase stomach cancer risk.
However, since adjustment could only be limited in this study, high intake of refined
grains may just reflect the deleterious effect of a diet low in fruits or other
characteristics associated with fow fruit consumption.

Introduction

Although rates of stomach cancer are declining, this cancer remains a major
health problem throughout the world, inasmuch as it is second in rank of incidence
and mortality among cancers. Stomach cancer has a distinct geographic variation
with high rates in Japan and low rates in the United States’, and is more incident
among lower socioeconomic groupsz. Diet and other environmental factors are
assumed to be most important in the etiology of stomach cancer. High fruit and
vegetable consumption is consistently associated with low risk. Consumption of
grains and high-carbohydrate/starch diets are postulated to increase risk; however,
results are not consistent®. Furthermore, intake of whole grains and dietary fiber is
mostly inversely associated with risk*®, Salt/salted foods and N-nitrose compounds
are thought to increase risk, although findings vary®. Finally, smoking and
Helicobacter pylori infection are risk factors for stomach cancer, whereas alcohol
intake seems not related to risk in most studies®.

In & cross-cultural analysis in the Seven Countries Study, an inverse association
was observed between vitamin C and stomach cancer mortality®. Using the same
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data and study design, we investigated the association at food group level for the
consumption of plant foods, i.e., fruits, vegetables, potatoes, and grains, with 25-
year stomach cancer.

The Seven Countries Study covers a wide range of food intake, and this ecological
study is unigue, in that food consumption data were gathered in randorn subsamples
at the individual level and cohort members were followed for 25 years.

Subjects and methods

Study design and participants

The study design and participants of the Ssven Countries Study have been
described in detail eisewhere”®. Briefly, 12,763 men aged 40-59 years in 16 cohorts
from 7 countries were enrolled between 1958 and 1964. The number of men per
cohort and the countries are mentioned in Table 1. Most cohorts were situated in
rural areas, except for two railroad cohorts, the large agroindustrial cooperative
Zrenjanin, faculty members of Belgrade University, Zutphen with inhabitants of a
commercial market town, and the fishing village Ushibuka in Japan. The overall
participation rate was over 90%.
Participants were followed for 25 years, and during that period 5,974 men died. Data
on vital status and causes of death were collected by means of death certificates,
medical records, and interviews of physicians and relatives of the deceased. Overall,
only 56 men (0.4%) were lost to follow-up. Underlying cause of death was coded by
two central reviewers® according to the Eighth Revision of the International
Classification of Diseases (ICD)}. The endpoint in the present study is morality from
stomach cancer {ICD 151).

Dietary information

During the baseline survey, the record method was used to collect dietary
information in small random samples (8-49 men) of each of the cohorts (Table 1).
Diet was recorded for seven days, except in Ushibuka (4 days} and US Railroad (1
day} cohorts. Collection took place between 1959 and 1964, with the exception of
Rome Railroad and Ushibuka cohorts (around 1970). The dietary data were recoded
in a standardized way by one dietitian in 1986, and the average daily food intake per
cohort was calculated'®. However, by then, the Greek records were no longer
available and had to be reconstructed by results of Greek dietary surveys'' and food
balance sheets from Greece in 1961-65. Furthermore, food equivalent composites
representing the baseline average food intake in each of the 16 cchorts were
collected locally and chemically analyzed in a central laboratory according to a strict
protocol in 1987'%. Chemical analyses for oligosaccharides, starch, and dietary fiber
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were performed at the laboratory of the Department of Human Nutrition,
Wageningen Agricultural University (Wageningen, The Netherlands). Vitamins were
measured at the State Institute for Quality Control of Agricultural Preducts
{(Wageningen, The Netherlands). All methods of analysis were according to standard
methodology of that time and have been described in detail elsewhere .

We investigated the role of total plant foods (vegetable oils and alcoholic
beverages not included) and several plant food groups. Citrus and noncitrus fruits
were examined separately. Grains were divided into whole grains and refined grains
and as eaten in bread vs. other sources. Intakes of legumes, fruit preserves, and
truit juices were included in consumption of plant foods and fruits, respectively, but
not investigated as separate groups.

Statistical analysis

Poisson regression was used to examine associations between dietary intake and
stomach cancer mortality (PROC GENMOD, SAS statistics version 6.12)", Number
of stomach cancer cases per cohort was the dependent variable. To adjust for
differences in cohort size and survival time, the loge of the total survival time per
cohort was used as the offset varable. Cohort mean daily intakes were the
independent variables. Analyses were carried out for a change in intake of 10% of
the mean consumption, both crude and adjusted for potential confounders. Because
the number of cohorts was small {n=16), adjustments were made for only two
variables at a time. On the basis of the literature and univariate analyses {data not
shown), it was decided to adjust for smoking (prevalence) and energy intake {cohort
mean daily intake). Alcohol consumption was not related to 25-year stomach cancer
mortality (data not shown). Moreover, there was no adjustment for age, because the
range in this study is very narrow (Table 1). Baseline data on smoking were
collected by a standardized questionnaire®. Information on intakes of energy and
alcohol was derived from the dietary record method described above,
Two-sided p-values less than 0.05 were considered statistically significant.
Spearman correlation coefficients are presented.

Results

Baseline cohort size, mean age, smoking prevalence, energy intake, number of
men from whorn dietary information was collected, and 25-year total and stomach
cancer mortality of the 16 cohorts of the Seven Countries Study are shown in Table
1. Stomach cancer mortality was highest in both Japanese cohorts (5.1%) and
lowest in the Belgrade cohort (0.2%). Baseline mean daily consumption of plant
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Plant foods and stomach cancer

foods and several components as measured in the food composites are given in
Table 2. The Seven Countries Study covers a wide range on intake of plant foods,
especially for fruits and grains, and to a lesser extent for vegetables (Table 2),

Table 3 shows resuits, crude and adjusted for energy intake and smoking, of the
Poisson regression analyses for consumption of plant foods, vitamin C,
carbohydrates, starch, oligosaccharides, and dietary fiber. Total plant food
consumption was not related to stomach cancer risk, whereas the intake of fruits
was inversely associated to risk. After removal the two cohorts with the highest fruit
intake, i.e., Crete and Corfu, the inverse association found for fruits was still
statistically significant (data not shown). Our results indicated that citrus fruits were
most responsible for the inverse relation with fruits. However, one-half of the cohorts
consumed no or a very low amount of citrus fruits per day. Six cohorts ate less than
2 grams, whereas three cohorls consumed no citrus fruits. Adjustment for energy
intake and prevalence of smoking did not materially change the results. Intake of
vegetables was not related to risk, whereas the adjusted association found for
potatoes was of borderline significance.

Table 3  Relations for 25-year mortality from stomach cancer in men in the Seven
Countries Study with baseline mean daily consumption of food groups, and
baseline representative daily intake of components analyzed in food composites.
Poisson regression for a change of 10% of the mean intake

10% of Crude Adjusted for energy and

mean smoking

intake

Rate 95% ClI Rate ratio 95% CI
ratio
Plant foods 93.0¢ 1.06 0.87-1.27 1.02 0.81-1.24
Fruits and 313¢g 0.89 0.82-0.96 0.90 0.82-0.98
vegetables
Fruits 13.1 g 0.94 0.90-0.98 0.96 0.91-0.99
Citrus fruits 18¢g 095 0.93-0.98 0.95 0.92-0.98
Non-citrus fruits 101g 0.97 0.92-1.01 0.98 0.94-1.01
Vegetables 18.2¢g 0.96 0.81-1.13 0.96 0.82-1.11
Grains 46.0¢g 1.15 1.06-1.24 1.18 1.09-1.27
Whole grains 186¢g 0.99 0.94-1.03 0.99 0.95-1.03
Refined grains 2749 1.09 1.05-1.13 1.07 1.03-1.12
bread 148g 1.03 0.98-1.07 1.01 0.97-1.06
other sources 126¢g 1.03 1.01-1.05 1.04 1.02-1.06

Potatoes 133¢g 0.98 0.91-1.04 0.96 £.92-1.00
Vitamin C 7.4 mg 0.89 0.34-0.94 0.89 0.85-0.93
Carbohydrates 35649 1.30 1.16-1.47 1.30 1.15-1.47
Starch 21.7g 1.15 1.07-1.24 1.14 1.07-1.22
Oligosaccharides itlg 1.00 0.88-1.12 0.92 0.83-1.02
Dietary fiber d.3g 1.01 0.88-1.14 0.97 0.85-1.09
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Grain consumption was positively related to stomach cancer risk. Separating this
consumption into whole grains and refined grains revealed only a positive
association for the latter group and, in particular, for grains from sources other than
bread, e.g., rice and pasta.

At the nutrient level, carbohydrates and starch were positively associated with
stomach cancer mortality, whereas oligosaccharides and dietary fiber were not
related to risk. As reported elsewhere®, vitamin C intake was inversely associated to

risk (Table 3).
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Figure 1  Association between baseline fruit consumption (g/d) (A) and refined grain
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The inverse association of fruit consumption with age-adjusted 25-year stomach
cancer mortality is shown in Figure 1A. Some cohorts ate almost no fruits (Slavonia
and Velika Krsna), and others had a very high consumption (Crete and Corfu).
Figure 1B depicts the positive relation between intake of refined grains and stomach
cancer mortality. Compared with fruit intake, refined grain consumption has a wider
range, and is better distributed along the range. Cohorts with a high fruit
consumption ate iittle refined grains; the same is true in the opposite direction.
Investigating whether associations for fruits and refined grains were independent
was not considered feasible, because both intakes were highly correlated (r= -0.58,
p <0.01).

Discussion

Cross-cultural analyses in the Seven Countries Study relating 25-year stomach
cancer mortality with plant food consumption revealed an inverse association with
fruits, a positive relation with refined grains, and no association with total plant foods,
vegetables, whole grains, and potatoes.

Ecological analysis for testing etiological hypotheses has its limitations, mainly by
the potential for substantial bias in effect estimation. The central problem is known
as “ecological fallacy’'. Associations at the population level are not necessarity the
same as those at the individual level. This depends mainly on the distribution of
other risk factors within populations. The advantages of this design are a large
variation in exposure and outcome and relatively small measurement errors in the
exposure. Furthermore, in our study, dietary intake was assessed in small random
samples, and cohort members were followed for 25 years. Yet, our study did have
some disadvantages: 16 cohorts is a small number, dietary records were kept only
by a subgroup of the cohort; food consumption around 1960 may not be an
appropriate indicator for average food consumption during 25 years of follow-up.
Regarding the last disadvantage, although differences in food consumption patterns
have diminished, characteristic differences between the cohorts were still present
after 20 years'.

In our study, smoking and energy intake seemed to be the most important
variables for which to adjust. We had very limited information on intake of salt and
salted foods. Therefore, we decided not to adjust risk estimates on plant foods for
these intakes. Furthermore, univariate analyses between salt intake and stomach
cancer morality did not show an association. Helficobacter pylori infection is
positively associated with stomach cancer in most studies, and infection rates vary

41



Chapter 3

throughout the world. Information on this factor, however, was lacking, and we could
not evaluate its potential confounding effect.

We calculated risk estimates for a difference of 10% of the mean intake, because
such a change is assumed to be a feasible and realistic goal in public health. For
evaluating the magnitude of the associations, it should be noticed that this contrast
is small compared with differences generally used in etiological studies.

Although generally considered a consistent finding, most cross-cultural correlation
studies did not observe an inverse association between stomach cancer and fruit
intake'®®, Using per capita disappearance data, not using an appropriate lag time,
and the fact that exposure and outcome did not apply to the same population may
have influenced these results, We did find an inverse relationship for fruits, perhaps
because of the features of our ecological study. Correlation studies within countries
and case-control and cohort studies did consistently find inverse associations for
fruits with stomach cancer’. Fruits are the richest source of vitamin C in the diet.
However, other foods, e.g., potatoes, can contribute substantially to intake. Vitamin
C may protect against stomach cancer by inhibiting the formation of carcinogenic A-
nitroso compounds®. Furthermore, fruits contain bicactive compounds other than
vitamin C that may be responsible, separately or in combination, for the protective
effect observed.

Vegetable intake was not associated with stomach cancer motality in our study.
Also other correlation studies did nat report an association'®?’. We found a smaller
variance in intake for vegetables than for fruits. This may explain why fruits were
inversely associated, whereas vegelables were not. Moreover, case-control studies
on stomach cancer showed a more pronounced inverse association for fruits than
for vegetables®'.

Epidemiclogical studies investigated the relationship of grains, high-
carbohydrate/starch diets, whaole grains, rice, pasta, bread, and components such as
carbohydrates, starch, and dietary fiber with stomach cancer. Associations observed
for these dietary items are not consistent. in line with our study, cross-cultural
correlation studies found a positive association between grain consumption and
stomach cancer mortality'’ "*%*#, A Japanese correlation study also observed a
positive relation®*, whereas in Spain no correlation was found®. Ecological findings
on bread'?*% 1ice?®?*% and pasta®? were inconsistent. A review of case-control
studies on consumiption of grains®® suggested an increased stomach cancer risk: in
seven of eight studies, of which five were statistically significant®"®, risk was found
to increase. Some recent case-control studies on grain consumption®®* did not
show an association with stomach cancer. For rice and pasta, vanable results from
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case-control studies were reporled3°. Case-control studies on bread revealed no
association, and whole grain bread may decrease stomach cancer risk*®. Only a few
cohort studies on grain consumption have been published, and moderate, mostiy
nonsignificant, increased risks or no associations were reportedm.

Several mechanisms have been proposed for how grains or a high-

carbohydrate/starch diet can increase stomach cancer risk. First, there may be
physical irritation of the gastric mucosa. Second, such diets are generally low in
proteins, leading to a reduced gastric mucus production facilitating carcinogen
absorption®®, However, protein intake has never been related to a decreased risk in
case-control or cohort studies™, and was not associated in the present study (data
not shown). Another possibility hypothesized is that diets high in starch are also high
in salt and that salt is the risk factor in such a diet®. Furthermore, it is suggested
that a high-starch diet is generally a monotonous diet, low in fruits, vegetables, and
whole grains; such a diet is low in bioactive components thought to be
anticarcinogenic®.
We observed a positive association for grains that could be attributed to refined
grains. No association for refined bread intake was observed, whereas consurnption
of refined grains from sources other than bread was associated with an increased
stomach cancer risk. At the nutrient level, we found the strongest positive
association for intake of carbohydrates. When divided into starch, oligosaccharides,
and dietary fiber, only an association for starch was present.

It seems that the suggestion of increased risk with grain consumption is mainly

based on case-control studies on broad groups of grains. However, not all these
studies adjusted for all relevant potential confounders. For instance, studies did not
control for intake of fruits and/or vegetables®*, for total energy intake®"*, or for
smoking and socioeconomic status®’. Sociceconomic status is correlated with
several dietary and other lifestyle factors that are associated with stomach cancer
itself’®, e.g., monotonous diets® and use of refrigerators®. In one study®®, a
statistically significant positive trend was observed for grain consumption; however,
this trend was no longer significant after further adjustment for education, smoking,
energy, and vitamin C.
Given that not all these studies adjusted the risk estimates appropriately, the
epidemiological evidence supporting the idea that grain consumption is a risk factor
for stomach cancer is not as firm as sometimes stated. Furthermore, because
asscciations differ for grain items studied, results for broad groups of grains may not
be informative enough. This may have implications for the choice and/or design of
dietary assessment methods.
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Although we emphasized the need of appropriate adjustment, our ability to adjust

our own study was limited. Fruit consumption was highly correlated with intake of
refined grains in our study. Because of the small number of cohorts and the fact that
adjustment for confounders can only be done crudely in this ecological study design,
we could not examine whether both associations were independent. However, taking
the evidence together, we hypothesize that the consumption of refined grains did not
elevate the risk, but a high intake of these grains was an indicator for a diet low in
fruits. Such a diet provides a low amount of bioactive compounds thought to protect
against cancer. Furthermore, other nonmeasured factors correlated with a refined
grain intake could be responsible for the observed association.
In case-control and cohort studies, multicollinearity is expected to be a smaller
problem, so that after adequate adjustment, the independent effect of dietary factors
can be evaluated. These types of studies may further elucidate whether grain
consumption itself can be seen as a risk factor for stomach cancer.

Briefly, on the basis on our study, we cannot rute out the possibility that refined
grain consumption is a risk factor for stomach cancer. However, we hypothesize that
the consumption of refined grains did not elevate the risk, but a high intake of these
grains was an indicator for a diet poor in fruits. Such a diet is low in bioactive
compounds that may exert an anticarcinogenic effect on the development of
stomach cancer.
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Abstract

QOur aim was to examine the relationship between fruit and vegetable consumption
and Jung cancer mortality in a cohert of European males. Around 1970, dietary intake
of Finnish, ltalian and Dutch middle-aged men was assessed using a cross-check
dietary history. Complete baseline information was available for 3,108 men, of whom
1,578 baseline smokers. We used Cox proportional hazard analyses to calculate risk
estimates for the consumption in country-specific tertiles on lung cancer in smokers.
During 25 years of follow-up, 149 lung cancer deaths occurred in the smokers. Fruit
consumption was inversely associated with lung cancer mortality among smokers; -
compared with the lowest, adjusted relative risks (RR) (95% confidence interval (Cl))
for the intermediate and highest tertiles were 0.56 (0.37-0.84) and 0.69 (0.46-1.02), p
trend 0.05. Oniy in the Dutch cohort was this association statistically significant
(adjusted RRs (95% CI) 1.00; 0.33 (0.16-0.70); 0.35 (0.16-0.74), p trend 0.004}. In
Finland lung cancer risk was lower with higher fruit intake but not significantly, whereas
in Italy no association was observed. Stratifying on cigarette smoking intensity (non,
light and heavy) revealed an inverse association in the heavy smokers only {adjusted
RRs (95% Cl) 1; 0.47 (0.26-0.84); 0.40 (0.20-0.78)). Vegetable consumption was not
related to lung cancer risk in smokers. However, analyses stratified on cigarette
smoking intensity gave some indication for a lower lung cancer risk with higher intake.
In conclusion, in this prospective analysis among European smoking men, fruit intake
was inversely related to lung cancer mortality. This association was confined to
heavy cigarette smokers.

Introduction

Lung cancer is a major public health problem, because of both high incidence' and
high fatality rates®. Cigarette smoking is the dominant risk factor for this type of cancer;
with an attributable risk of 90 percent in men®. Additionally, diet may influence lung
cancer risk. Many epidemiological studies have shown that fruit and vegetable intake
is associated with a lower lung cancer risk™®. The estimated relative risks for high vs.
fow consumption vary considerably between studies, and the overall estimate ranges
from 0.45° to 0.5-0.7°; a formal meta-analysis has not been performed.

Although the inverse association between fruit and vegetable intake and lung cancer
seems convincing, some issues have been raised that may weaken this relationship.
First, residual confounding by smoking: Smoking is such a dominant factor in lung
cancer etiology that adjustment for this risk factor, especially when only smaoking
status is used, may not fully remove its effect. Smokers tend to eat less fruit and
vegetables®, and probably have a less healthy lifestyle in general, which may result in
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residual confounding. Second, it has been suggested that results from cohort studies,
compared with case-contro! studies, are less conclusivew. Case-control studies may
overestimate the association due to recall and selection bias.

Cigarette smokers have a high exposure to carcinogens. Therefore, potential
anticarcinogens provided by fruit and vegetables are expected to exert their action
especially in this group. However, results by smoking status are not consistent. Some
studies found inverse associations especially in current smokers'', in heavy

smokers'?™® and others in light smokers'*"®, in former smokers''® or in
nonsmokers

17.18

We exarmined the relationship between fruit and vegetable consumption and lung
cancer monality in a prospective study among males (n=3,108), from Finland, ltaly and
The Netherlands, all participating in the Seven Countries Study. Baseline data from
around 1970 were used and mortality was followed for 25 years. Because lung cancer
mainly occurs in smokers, we restricted most analyses to baseline smokers (n=1,578).

Material and methods

Study population

Between 1958 and 1964, 16 population samples of men aged 40-59 years from
seven countries were enrolled and examined for the Seven Countries Study, with a
participation rate of more than 90%'. In Finland this study started in 1959, and in
ltaly and The Netherands in 1960. Dietary intake was only assessed in a small
subgroup per cohort at that time. Around 1965, a second round of this study was
conducted, however, no dietary information was gathered in Finland. As baseline for
the present analysis, we used the third round of the study, which was around 1970.
We used data of five of the original 16 population samples: two in Finland (East
Finland and West Finland), two in ltaly (Crevalcore and Montegiorgio), and one in The
Netherlands (Zutphen) because dietary data were available. The Dutch cohort
consisted of inhabitants of a small commercial town, Zutphen, whereas the other
cohorts were situated in rural areas, information was gathered in Finland in 1969
(n=612 in East Finland and n=694 in West Finland), in Zutphen (n=615) and in
Crevalcore (n=592) in 1970. In the Montegiorgio cohont, dietary information was
gathered in 1970 only from a subset. Therefore, the dietary data collected in 1965
from the men stilt alive in 1970 were used as an approximation of dietary intake in
1970 (n=662 men}. Although fruit and vegetable consumption was higher in the subset
of men in 1970, differences were not statistically significant®. For analyses, complete
information was available for 3,108 men, of whom 1,578 were cigarette smokers.
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Examinations

Food intake around 1970 was estimated by using the cross-check dietary history
method. This method provides infarmation about the usual food consumption pattern
six to twelve months preceding the interview?'. First, the usual food consumption
pattern of a person during weekdays and weekends was assessed. This part
concemed questions about the foods used at breakfast, lunch, dinner and between
the meals. Thereafter, a checklist with an extensive number of foods was used to
calculate and to verify the participant's foed consumption pattern, Experienced
dietitians and nutritionists carried out the interviews. In Finland, the dietary surveys
were held in autumn, in ltaly and The Netherlands in spring. Although this method
was adjusted to the local situation, the methodology was comparable. In all countries
food items were categorized into food groups, such as fruit and vegetables, in the
same way. However, the types of fruits and vegetables within the food groups could
differ per country. The nutrient intake was assessed using computerized versions of
the local food tables for the countries®™2*,

In all cohorts, information on age and smoking of the participants was collected in a
standardized wayzs. Men were asked to report their current smoking status (never,
former or current smoker). Current and former smokers reported the number of
cigarettes they smoked or used to smoke per day (1-4, 5-9, 10-19, 20-29 or more than
30 cigarettes). The midpoints of these categories (2, 7, 15, 25 and 35) were used as
number of cigarettes smoked per day. For 70 men, of which 63 from Montegiorgio,
baseline information on smoking was missing. For 63 of the 70 men, smoking data of
1965 were appropriate to use as a proxy for the 1970 data.

No ethical guidelines existed at the time of the first surveys, however, the study was
retrospectively approved by the Medical Ethical Committee of the University of Leiden,
The Netherlands in 1985.

Follow-up

The participating men were followed for mortality during 25 years, i.e., from around
1970 to 1995. None of them was lost to follow-up. The underlying causes of death
were coded in a standardized way by one reviewer, using the 8th revision of the WHO
intemational Classification of Diseases ({ICD). The cause of death was based on
information from the official death certificate, in combination with information from
medical and hospital records. In case of multiple causes of death, priority was given to
accidents, followed by cancer in advanced stages, coronary heart disease and stroke.
For the present analyses, lung cancer mortality was defined as ICD8 code 162 as the
primary (n=183) or secondary {n=4) cause of death.
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Statistical methods

Cox proportional hazard analysis was used to associate intake of fruit and
vegetables with 25-year lung cancer mortality. Fruit intake was analyzed as total fruit
consumption, that is the sum of fresh fruit, dried fruit multiplied by two (to account for
water loss), canned fruit and fruit juices. In ltaly and The Netherlands, atmost all fruit
was eaten as fresh fruit. In Finland, however, other forms of fruit, especially fruit juices
(mainly berry juice), were substantially consumed (Table 1). Therefore, analyses for
fresh fruit were performed as well. Vegetable consumption did not include potatoes.
Consumption was divided in country-specific tertiles. Relative risks (RRs) and 95%
confidence intervais (95% Cl} were calculated, with the lowest tertile as the reference
category. Statistical significance was determined by two-sided tests with a critical
value of 0.05 or less. Countries were analyzed separately, combining the two cohorts
in Finland and the two cohorts in italy. Because no effect modification by country was
present, analyses were also performed for all countries pooled, using the STRATA
option of the PHREG procedure®. Survival analyses were done crudely, adjusted for
age and number of cigarettes per day {model 1), and for model 1 plus energy intake,
fruit intake (in vegetable intake analyses) or vegetable intake {in fruit intake analyses)
and for country (in pocled analyses) or cohort {in analyses for Finland and Italy)
(model 2). Tests for trend were performed by assigning the integers 0, 1 and 2 to the
tertiles of the intake variables. Pearson correlations between truit and vegetable intake
ranged from -0.01 to 0.24; i.e., low enough to combine these variables in one model.
Because some studies indicate that (saturated) fat may be positively associated with
lung cancer risk®, energy intake in mode! 2 was replaced by intakes of fat or saturated
fat to evaluate their confounding effect on the relation between fruit and vegetable
intake and lung cancer mortality. No such effect was observed (data not shown).

Information on prevalence of total cancer at baseline was present, but not for lung
cancer specifically, Therefore, to examine the polential confounding effect of
{subclinical) lung cancer cases at baseline, analyses were repeated after excluding the
lung cancer deaths within the first two (n=11) and five years (n=28) of follow-up. Since
the exclusion of these cases did not affect the associations for fruit and vegetables in
any material way, results are presented for all cases. Also restricting the follow-up
time to 20 years did not substantially change the results for fruit and for vegetable
intake (data not shown).

To explore the shape of the relationship between fruit and vegetable intake and
lung cancer mortality, rates expressed as number of lung cancer deaths per 10,000
person-years per tertile of intake were plotted. These rates were directly standardized
for age and number of cigarettes smoked at baseline using the total population of
current cigarette smokers as reference group.
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To examine whether the associations with fruit and vegetable intake differed by
smoking intensity, baseline smokers were categorized in light smokers, ie., 1-19
cigarettes per day, and heavy smokers, i.e., 20 or more cigarettes per day. Moreover,
never and former smokers were combined to nonsmokers. Limited cases in the {atter
two groups did not allow us to separate them in the analyses. Joint effects of smoking
intensity (non, light and heavy smokers) and country-specific tertiles of intake were
caleulated but only for the countries pooled because of small number of cases per
country.

All analyses were performed using the Statistical Analysis Systemns (SAS) software
package (version 6.12).

Results

Roughly half of the men in each country smoked cigarettes around 1970.

Prevalences of never and former smokers differed per country. The mean number of
cigarettes smoked was highest in Finland and lowest in Italy. Age at baseline was
around 59 years on average, with baseline smokers being slightly younger and
leaner (Table 1}. Dietary intake varied across the countries, although within a
country, smokers and nonsmekers did not differ substantially on intake, except for
intake of fruit, with nonsmokers consuring more fruits (Table 1).
During 25 years of foflow-up, 187 men died from lung cancer, of which 149 baseline
smokers, 28 former smokers and 10 never smokers. The lung cancer mortality rate
among smokers was highest in The Netherlands (84.2 per 10,000 person-years},
followed by Finland (74.9 per 10,000 person-years) and lowest in ltaly (35.6 per
10,000 person-years) (Table 1)

When pooling the populations, fruit consumption was inversely associated with
lung cancer mortality in smokers (p trend = 0.05) (Table 2). Adjustment for potential
confounders did not materially change the risk estimates, afthough statistical
significance was no longer reached. Analyses for smokers per country showed a
statistically significant inverse association for the Dutch cohort only (adjusted p trend
= 0.004}. In Finland, relative risks were below unity but not statistically significant,
and in ltaly no association was found. In contrast to fruit, the fresh fruit consumption
in Finland showed only a nonsignificant lower risk in the highest tertile: RRs
{adjusted model2, 95% CI) 1.00; 1.18 (0.66-2.11); 0.79 (0.41-1.51). Pooling the
effect of fresh fruit across the three countries resulted in the following RRs (95% Cl},
adjusted according to mode! 2: 1.00; 0.83 (0.56-1.22); 0.70 (0.47-1.06); with a p
trend of 0.09. Vegetable consumption was not related to lung cancer mortality in
smokers {Table 2).
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Fruit and vegetable consumption and lung cancer

We plotted country-specific lung cancer mortality rates in smokers against tertiles
of fruit intake (median), standardized for age and numbers of cigarettes per day
(Figure 1). This figure indicates that among smokers, fruit intake may be only
inversely associated with lung cancer mortality in those with low intake and at high
absolute risk. The absolute risk was low in ltaly and did not change with fruit intake,
as we observed using relative risks. For the Zutphen cohort and to a lesser extent
for the Finnish cohorts, the absolute risks decreased with intake, in a way suggestive
for a lag-linear relationship.
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Figure 1 Lung cancer mortality rates standardized for age and numbers of cigarettes
according 1o median of fruit intake in country-specific tertiles in smoking men
aged 50-69 years followed for 25 years; F1, lowest tertile Finland; F2, intermediate
tertile Finland; F3, highest tertile Finland; L, lowest tertile ltaly; 12, intermediate tertile
Italy; 13, highest tertile ftaly; N1, lowest tertile The Netherlands; N2, intermediate tertile
The Nelherlands; N3, highest tertile The Netherlands

In Figure 2A, the joint effects of cigarette smoking intensity (non, light and heavy)
and fruit intake adjusted for age, energy intake, vegetable intake and country are
shown. An inverse association was observed in the heavy smokers (RR (95% Cl): 1,
0.47 {0.26-0.84); 0.40 (0.20-0.78)); in the light smokers no relation was seen. Figure
2B consists of the same figure for vegetable intake. An inverse association in the
heavy smokers was indicated, however, risk estimates did not reach statistical
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significance {RR (95% Cl): 1, 0.92 (0.52-1.65); 0.64 (0.34-1.22)). The lung cancer risk
among nonsmokers was about 10% of the risk in the reference group of heavy
smokers with a low fruit/'vegetable intake.
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Light smokers
0 0.14 Nonsmokers
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Fruit consumption
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0.61 0.56 0.6
0.4 0.52 |
0.01 Heavy smokers
‘ Light smokers
A0 T} 047 9
L 1 Nonsmokers
oW .
Medium High
Vegetable consumption

Figure2 Relative risks of 25-year lung cancer mortality according to country-specific
tertiles of fruit {A) and vegetable intake {B) and smoking status, adjusted for
age, country, energy intake and vegetable and fruit intake, respectively

Discussion

In this prospective study among European smoking men, fruit intake was
inversely related to lung cancer mortality. This association was particularly present in
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the Dutch cohort, and in the heavy smokers. Vegetable intake was not related to
lung cancer in our study. However, in heavy smokers, there was an indication for a
decreased risk with higher intakes.

Although our results may not be fully comparable because we only examined
smokers, they are in line with some but not all cohort studies. Fraser et al.?’ and
Knekt et al.?® observed an inverse association for fruit but not for vegetables,
although the latter study did find an inverse relation for a vegetable subgroup, i.e.,
root vegetables. Moreover, the nonsignificant associations observed by Chow et al.?®
were suggestive for a protective effect of fruit but not of vegetables. In contrast,
Steinmetz et al.'® observed a statistically significant inverse relation for vegetable but
not for fruit consumption, but she studied women only. Kvéle et al.* observed
associations for both fruit and vegetables. Others only reported associations for
fruit®’, for fruit and vegetables combined' or for specific fruits and vegetables®.
Most case-control studies conducted®® did find an inverse association between lung
cancer and fruit and/or vegetable intake, among them also an Itafian study™.

As discussed in the introduction, results by smoking status are not consistent.
Other cohort studies''®'® did not report stronger associations in heavier smokers,
as we did. But some case-control siudies did observe (stronger) associations in
heavy smokers'®'®, Because heavy smokers have presumably the highest exposure
to carcinogens and thus are at the highest risk, it may be plausible that the greatest
risk reduction can be achieved in this group. On the other hand, it has been shown
that in the Finnish cohorts the lighter smokers in 1959 quit smoking during follow-up
more often than heavier smokers®. It is unclear to what extent this phenomenon
played a role in the time period we studied and in the other cohorts included.
However, we did check whether light smokers consumed more fruits and vegetables
at baseline because this may have lead o bias. This was not the case (data not
shown}.

The cross-check dietary history we used is assumed to be valid for measuring the
habitual intake®. The reproducibility was investigated for the Zutphen cohort and
was satisfactory™, with Spearman correlation coefficients of 0.65 for fruit and 0.50
for vegetables. However, assessment of fruit and even more of vegetable
consumption is generally considered to be difficut®.

A priori, fruit consumption was expected to be highest in the Halian cohorts. Total
fruit consumption was, however, in the same range in the three countries, although
intake of fresh fruits was lower in Finland. We think that the cohorts studied are not
representative for the whole country, particularly due to the specific region and type
of the cohorts. In the rural cohorts, availability of fruit mainly depended on the

57



Chapter 4

production in the own region. While in Zutphen, fruits were mainly available by trade
and thus less dependent of season. Because season of data collection differed, this
may have also iead to less accurate measurements of the actual consumption level.
However, we have no reasons to believe that the ranking of subjects, i.e., used in
our analyses, is affected.

It is possible that we observed an association for fruit and not for vegetable
consumption because of a larger variation in fruit intake. Another reason could be
the fairly crude way, i.e., in food groups, in which we examined fruit and vegetable
intake. The contents of these food groups and preparation methods could have
differed between countries. We saw, for instance, that Knekt et al.?® observed an
association for a vegetable subgroup but not for all vegetables combined. On the other
hand, Voorrips et al.'' found no specific vegetables or fruits responsible for the
association observed for total vegetable or fruit intake. The way our dietary information
was computerized stopped us from constructing equal subgroups of fruits and
vegetables for the three countries. Further, by using country-specific tertiles for
analyzing the total population, we compared men with low intakes ta those with high
intakes in the specific countries, ignoring the exact level of consumption. We did this to
prevent overrepresentation of countries in one of the tertiles. For the country-specific
analyses, the number of lung cancer deaths were small, giving uncertain risk
estimates with broad confidence intervals. This complicates interpreting differences
in results between countries as real differences, for instance, between Finland and
The Netherlands. The results from ltaly, however, seem quite different. In this
country, the absolute lung cancer mortality was much lower compared to the other
two countries. Perhaps such findings indicate that only higher absolute risks may be
lowered by fruit consumption.

We could use only one measurement 1o classify men as low, intermediate and
high consumers. It is questionable how predictive a single measurement is. We
know that during follow-up, changes in both diet and smoking habits occurred (for
Finland see Pekkanen et al.*). Fruit and vegetable consumption increased in all
three countries, mostly in Italy®®®, Prevention programs were carried out during this
period; for instance, the North Karelia project in Finland™. Changes in exposure may
have lead to misclassification, of which most is assumed to be random; generally such
misclassification weakens associations. Moreover, the latency period of lung cancer
is long, and restriction of follow-up time to 20 years did not change the results.

Residual confounding by smoking is of concem. By adjusting for intensity of
smoking instead of just smoking status, we tried to limit this type of confounding. But

we do not have all relevant information on smoking available, such as the age of
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starting smoking and the type of tobacco smaoked, therefore, residual confounding is
still possible.

Although the relationship between fruit and vegetable consumption and lung
cancer is generally assumed to be linear, our risk estimates of the highest intakes
were somewhat closer to 1 than those of the intermediate intakes. This may be due
to measurement error or chance, but it is also possible that the relation is not linear.
One can expect that the protective effect levels off at a cerlain point. However, it is
possible that before reaching this point the relationship is indeed linear. We tried to
get some idea of the shape of the association between fruit consumption and lung
cancer mortality by calculating absolute risks for tertiles of intake. This figure was
suggestive for a log-linear assaciation. It is questionable whether such statement
can be based on the limited data points provided by our study. We believe that the
shape of the relation deserves more attention in future research. Just comparing low
and high intakes, levels that differ in each study, is an insufficient basis to refine the
present general message to the public ‘Eat more fruits and vegetables'.

Taken all evidence together*®'>% we cannot subscribe to the suggestion that
results from cohort studies are less convincing than those from case-control studies'”.
Although not all risk estimates are statistically significant, most risk estimates, coming
from wvarious populations, are in the same, protective, direction. The difficulty in
assessing fruit and vegetable intake, leading to misclassification, may be one reason
for nonsignificant associations. Another reason may be the limited number of lung
cancer cases in cohort studies, especially when subgroups are studied. Furthermore,
since the number of cohort studies carried out is smaller compared to case-control
studies, such comparison may be premature. However, we must take into
consideration that future further disentanglement of the overwhelming effect of
smoking from the effect of diet in Jung cancer eticlogy may possibly result in weaker
risk estimates for fruit and vegetable consumption.

In summary, fruit intake was inversely related to lung cancer morality in this
prospective study among European smoking men. This association was confined to
the heavy smokers.
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Chapter 5

Abstract

Cur objective was to study the association between fruit and vegetable

consumption and subsequent lung cancer incidence among Duich adults. Because of
the increase in adenocarcinoma incidence among men in many countries, including
The Netherands, this association was investigated for adenocarinomas and Kreyberg
| tumors separately. Dietary intake, other lifestyle factors, socio-demographic
characteristics, and history of diseases were assessed for men and women aged 20-
59 in the period 1987-1991, Cancer incidence was determined by linkage with
cancer registries up to 1997. Complete baseline information was available for
33,796 persons of whom 140 developed lung cancer. Relative risks (RR) and 95%
confidence intervals (95% CI) were estimated for fruit and vegetable consumption by
Cox proportional hazard analyses adjusted for potential confounders. Vegetable
consumption was inversely associated with lung cancer incidence; adjusted RRs (95%
Ci) for quartiles of frequencies of intake were 1; 0.80 (0.59-1.37); 0.63 (0.39-1.03);
0.56 (0.33-0.95), respectively; p trend 0.01. This relationship was very strong for
incidence of adenocarcinomas (p trend 0.003), whereas incidence of Kreyberg i
tumars was not statistically significantly associated with vegetable intake (p trend
0.24). The age-adjusted relative risk for fruit intake was 0.29 (0.17-0.50) in the highest
versus the lowest quartile. After adjustment for other potential confounders fruit
consumplion was no longer related to lung cancer, mainly due to adjustment for
smoking.
In conclusion, a higher vegetable intake was associated with a substantiaily lower
lung cancer risk, especially regarding adenocarcinomas, in a cohont of relatively
young Dutch adults. For fruit consumption no relationship with lung cancer was
observed,

Intreduction

Observational studies strongly suggest that increased fruit and vegetable
consumption is associated with a reduced lung cancer risk'®. Although the overall
picture seems clear, inconsistencies have been reported regarding different
associations for fruits and vegetables, stratified on smoking status, and stratified on
histological type. Some cohort studies reported inverse associations for vegetables
but not or much weaker for fruits®®, others vice versa®'2, Some investigators found
more pronounced associations in non-smokers'', others in ex-smokers’, current
smokers'® or light smokers'. Regarding histological type, some studies observed
associations that were stronger or confined to squamous cell carcinomas®, others to
large cell carcinomas’, Kreyberg group | tumors (squamous cell, large cell, and small
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cell carcinoma)” or to adenocarcinomas {Kreyberg group | tumors)™®. Whether there
are differences by histological type is especially of interest because among men an
increase in adenocarcinomas has been observed in many countries, including The
United States and The Netheriands'>'®,

Some cohort studies reported (stronger) associations for specific types or groups
of vegetables, like camots®®, tomatoes®, green leafy vegetables’ or Brassica
vegetables'®. However, no specific type or group of fruits and/or vegetables seems
consistently responsible for 'an overall vegetable effect’. Moreover, because in most
studies no adjustment is made for consumption of other fruits and vegetables, it is
unctear whether results can be attributed to the specific type studied.

Besides residual confounding by smoking, the reported inconsistencies may be
due to differences in study populations regarding sex, age range, smoking habits
and consequently different distributions of the histological tumor types. The latter is
important because it is assumed that the role of smoking is greater in Kreyberg group
| than in Kreyberg group Il tumors'”. Moreover, it is hypothesized that the rise in
adenccarcinomas may be due to the increased use of low-tar filter cigarettes and the
subsequent differences in inhalation behavior'®. So changes in smoking habits may
lead to changes in proportions of histological types of lung cancer. Because declining
survival rates for patients with adenocarcinomas in The Netherands were indicated'®,
the potential role of fruits and vegetables in the prevention of adenocarcinomas is of
special interest.

We studied the association between vegstable and fruit consumption and lung
cancer incidence among 33,796 Dutch men and women aged 20-59 at baseline
followed for 8.4 years on average. Our study population is special in the sense that
relatively young men and women were included, and that their smoking habits reflect
present Dutch smoking pattems. We studied the impact of fruits and vegetables in
the total study population, in bassline smokers, and for the Kreyberg group | and |l
tumors separately. Moreover, we analyzed specific vegetables and fruits consumed
for their association with lung cancer incidence.

Materials and methods
Study population
From 1987 to 1991, more than 36,000 men and women paricipated in the

Monitoring Project on Cardiovascular Disease Risk Factors. A detailed description of
this project is given elsewhere™. In brief, each year a new random sample of men
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and women aged 20-59 years was selscted from the municipal registries of three
Dutch cities, i.e., Amsterdam, Maastricht and Doetinchem, and invited to participate.
The overall response rate was 50% for men and 57% for women.

For persons who participated more than once in the menitoring study (n=1,097),
the first record was used in our longitudinal analysis. The initial data set consisted of
35,491 persons. We excluded subjects from analysis for several reasons: because
they could not be linked to a unique number in the National Population Database
{n=24), data on vital status were missing (n=343), they did not agree on release of
medical records from the general practitioner and were therefore not offered for
linkage to the cancer registry (n=597), prevalence of cancer at baseline {(except non-
melanoma skin cancer and cervix in situ) {(n=542), inadequate completeness of the
dietary data (n=84), and missing smoking data (n=105). This left 33,796 subjects for
analysis.

The Monitoring Project on Cardiovascular Disease Risk Factors was approved by the
Medical Ethical Committee of the University of Leiden, The Netherlands in 1987.

Data collection

Subjects received a self-administered questionnaire to be completed at home and
were invited for a physical examination at the Municipal Health Center. At the health
center, participants gave informed consent and field workers checked the
questionnaire for completeness, and if necessary, helped the participants with
further completion'®. Socio-demographic characteristics, various lifestyle behaviors
and presence of (a history of) several chronic diseases, among others cancer
prevalence, were asked for.

The questionnaire included a short semi-quantitative food frequency
questionnaire to assess usual dietary intake®®. Consumption frequencies of nine
commonly used vegetables in The Netherlands (cabbage, Brussels sprouts, chicory,
spinach, string beans/snap beans, carrots, bestroot, tomatoces and mixed salad)
were assessed. For fruits, consumption frequency was asked for apple, orange and
mandarin. Intake of fruit juices was not measured. Consumption frequency was
determined in six categories ranging from never to more than 4x/week. Although
consumption was asked for the season in which the fruits and vegetables were sold,
the ranking of subjects on total vegetable and fruit intake was not influenced when
information on seasonal availability of the vegetables and fruits was taken into
account (Spearman correlations: for vegetables r= 0.99 and for fruits r = 0.97).

Consumption of all vegetables and all fruits was combined to total vegetable
consumption and to total fruit consumption, respectively. Consumption of mixed
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salad was not asked from the start of the study, i.e., January 1987, but from August
1987. To calculate the total vegetable consumption for the study period till August
1987, we replaced the missing values on mixed salad intake with the sex, 10-year
age group and education level specific mean of the study population. Energy intake
was calculated using the computerized Dutch food composition table from 1993%

Information on smoking habits was gathered extensively by the self-administered
guestionnaire. Participants were asked whether they ever smoked cigarettes, cigars
and/or pipe regularly, at what age they started smoking, the number of years
smoked, and the mean number of cigareites they (used to) smoke per day. Some
people smoked cigars and/or pipe, and had never smaked cigarettes. Because there
is evidence that besides cigarette srmoking also cigar and pipe smoking raise the
lung cancer risk?22, the overall smoking status {never, ex and baseline smoker) was
used for analysis. Moreover, we calculated the variable pack-years of cigarette
smoking assuming 20 cigarettes per pack.

Data of the cancer registries and of the self-administered questionnaire were used
to determine baseline cancer prevalence. In the guestionnaire it was asked whether a
medica! doctor ever diagnosed asthma, chronic bronchitis or other lung diseases.
Based on this information, a dummy variable for (history of) lung diseases was
made. Information on family history of lung diseases was not gathered. Supplement
use was asked in the categories never, now and then, only during winter and
through the whole year. Because it was not possible to calculate quantities based on
these categories, two dummy variables for any use were constructed; “vitamin use":
use of vitamin supplements A/D, B, C or multivitamin; and "other supplement use":
use of garlic supplements and/or the category 'other supplement use’. The highest
level of education reached was categorized into primary school, lower
vocationallower general, intermediate vocational/intermediate general, and higher
vocational/university,

Cancer incidence and vilal status

For the period 1987 to the end of 1997, foliow-up for incident cancer has been
established by computerized record linkage with the Netherlands Cancer Registry
{NeCaRe), a national registry of all malignant tumors diagnosed frorn 1989 onwards
in people living in the Netherands, and with the three regional cancer registries
covering the three cities frorn which the paricipants originated (IKA for Amsterdam,
IKL for Maastricht and IKO for Doetinchem). Completeness, data consistency and the
possibility of duplicate records are extensively checked by computer programs“.
Because data from the NeCaRe are complete only for the period 1989 to the end of
1896, additional information from the regional cancer registries was used. In the
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period 1987-1988, for IKL co-operation was obtained from alfl hospitals in the area,
i.e., completeness was 100%. For IKA, the completeness was estimated 60% in
1987 and 95% in 1988. For IKO, this percentage was 75 for both years. For 1997,
data from the regional registries were 100% compiete. The method used for linkage
is based upon the linkage procedure developed by Van den Brandt et al.?®, This
linkage procedure is a two-stage process in which the initial computerized linkage
using a linkage key {date of birth, first four characters of the family name and sex) is
followed by visual inspection with additional information to separate the computer
matches into true and false positives.

After on average 8.4 vears of follow-up, 140 incident lung cancer cases were
identified. Data on vital status were obtained through the National Population Data.

Statistical analyses

We used Cox proportional hazard analysis to study the associations between
vagetable and fruit consumption and lung cancer incidence. Frequencies of intake of
total vegetables and total fruit were analyzed in quartiles. Moreover, we studied
frequencies of intake of all specific types of vegetables and fruits for their association
with lung cancer incidence. Relative risks (RR) and 95% confidence intervals (95% Cl)
were calculated, with the lowest quartile or category as the reference, and tests for
trend were performed. Statistical significance was determined by two-sided tests with
a critical value of 0.05. Statistica! Analysis Systems (SAS) software package (version
6.12) was used for all analyses.

All prevalent cancers other than non-melanoma skin cancer and cervix carcinoma
in situ were excluded from the analyses. Survival analyses were done 1) adjusted for
age, 2) adjusted for age, sex, smaoking status, pack-years of cigarette smoking and
(history of) lung diseases (model 1), and 3) adjusted for model 1 plus total energy
intake, fruit intake (in analyses on vegetable intake) or vegetable intake (in analyses
on fruit intake), vitamin supplement use, and other supplement use (model 2).
Analyses for specific types of vegetables and fruits were adjusted in the same way,
except that adjustment was made for all vegetables and fruits consumed minus the
one studied. Spearman correlations between consumption frequencies of specific
vegetable types and all other vegetables consumed combined ranged from 0.14 for
beetroot to 0.42 for tomatoes. These correlations for fruit were higher and ranged from
0.47 for mandarins to 0.53 for oranges.

To investigate whether associations were modified by sex and smoking status,
interaction terms were included in the modsel. To examine the potential confounding
effect of subclinical lung cancer cases, we repeated the analyses after excluding the
cases within the first two years of follow-up (n=21). To investigate whether
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associations with vegetable and fruit intake differed for the Kreyberg group | and
Kreyberg group Il tumors, analyses were stratified on histological type. These
analyses were performed for tertiles instead of quartites of intake because of limited
numbers per Kreyberg group.

Results

After an average follow-up time of 8.4 years, 140 incident lung cancer cases
occurred. During this period, 737 subjects (2.2%) had died and 275 (0.8%) had
emigrated. In Table 1, characteristics of the lung cancer cases and the non-cases
are given. Cases were more often men, (heavier} smokers, alder, had a lower leve!
of education, more often reported lung diseases, and had a lower fruit and vegetable
consumption. Energy intake, vitamin supplement use, and use of other supplements
were comparable between the cases and the non-cases.

Table t Baseline characteristics of the incident lung cancer cases and the non-lung
cancer cases from the Monitoring Project on Cardiovascular Disease Risk
Factors, The Netherlands, 1987-1991

Lung cancer cases  Non-lung cancer cases .

(n = 140) {n=33,656)

Sex (%)

men 64.3 46.8

women 35.7 53.2
Age (years) (mean + 5D) 51.9+6.1 41.1£10.9
Education (highest level reached) (%)’

primary school 51.1 207

lower 35.3 41,5

intermediate 7.9 20.6

higher 5.8 17.2
Overall smoking status (%}

basetine smokers 821 42.2

ex-smokers 15.7 246

never smokers 2.1 33.2
Pack-years of cig. smoking {mean + SD)

among baseline smokers 322+2086 164+13.9

among ex-smokers 453+ 371 13.1+14.1
Prevalence/history of lung diseases (%) 22.9 11.2
Energy intake {MJ/d) (mean + SD) 7322 74+21
Vegetable cons. (freq./d) (mean + SD) 0.99+0.63 1.13£0.59
Fruit consumption (freq./d) (mean + SD} 0.77 £ 0.66 1.03+0.66
Supplement use (%)

vitamins {any) 357 38.4

other supplements (any) 20.7 15.6

" missing among lung cancer cases; 81 missings among non-lung cancer cases
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Several characteristics are shown per quartile of vegetable and of fruit intake
(Table 2). A high vegetable consumption was reported more frequently by women,
by older persons, by never smokers and ex-smokers, and by smokers with a lower
number of pack-years of cigarette smoking. Similar relations were observed with fruit
intake, however, the association with age was not so clear; and smoking behavior
was much stronger associated with intake of fruits than of vegetables. The
Speamman correlation coefficient between fruit and vegetable intake was 0.32.

Table2  Baseline characteristics per quartile of vegetable consumption and of fruit
consumption in frequencies/day; Monitoring Project on Cardiovascular Disease
Risk Factors, The Netherlands, 1987-1991

Quartile of intake

1 {low) 2 3 4 (high}
Vegetable Consumption
Number of subjects 8,475 8,447 8,384 8,490
Mean intake £ SD 0.49+£0.14 0.86 £ 0.10 123012 1.93 £ 0.47
(freq./d}
Sex (%)
men 571 491 43.0 38.2
women 429 50.9 57.0 61.8
Age (mean + SD) 404114 411110 413+108 417 £105
Smoking status (%}
baseline smokers 48.3 425 412 376
ex-smokers 21.3 24.9 25.3 28.7
never smokers 30.4 32.6 33.4 357
Pack-years of cigarette
smoking (mean + SD}
baseline smokers 178+ 149 17.0+ 140 15.6 £13.6 152134
ex-smokers 149+ 16.0 13.0+13.7 127 +£13.9 123138
Fruit Consumption
Number of subjects 8,588 7,441 9,025 8,742
Mean intake £ SD 0.20+0.14 073+0.15 1.24 £0.15 1.89 £0.25
{freq./d)
Sex (%)
men 57.2 50.5 441 36.4
women 428 49,5 659 63.6
Age {mean = SD) 41.4 109 40.9 x 1.2 40,9 + 10.8 41.3+109
Smoking status (%)
baseline smokers 56.0 43.7 38.5 32.0
ex-smokers 20.0 24.9 25.8 275
never smokers 24.0 314 35.7 40.6

Pack-years of cigarette

smoking (mean = SD)
baseline smokers 196+ 158 16.2+ 135 145+£125 14.0+123
ex-smokers 16.1 £ 16.5 13.8 + 153 124 +13.4 11.4 £ 12.3

The results of the analyses of intake of tolal vegetables and of total! fruits in
relation to lung cancer risk are presented in Table 3. Adjusted for age, frequency of
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vegetable intake was strongly inversely associated with lung cancer incidence: the
relative risk was 0.39 (0.24-0.65) for the highest intake compared to the lowest and a
significant trend over the quartiles was observed. Further adjustment for potential
confounders weakened the association somewhat, but a higher vegetable intake
remained statistically significantly associated with a lower lung cancer risk (p trend
0.01). Lung cancer risk in the highest quartile of vegetable intake was 44% lower
than in the lowest quartile of intake. Adjusted for age, relative risks were strongly
reduced with higher fruit intake. The relative risk of the highest versus the lowest
quartile was 0.29 (95% Cl 0.17-0.50}). After adjustment for potential confounders
however, this relationship was no longer statistically significant, mainly due to the
confounding effect of smoking and to a lesser extent of vegetable intake. Further
adjustment for education did not materiaily change our findings for vegetable or for
fruit intake.

Exclusion of the cases in the first two years of follow-up resulted in comparable risk
estimates for vegetable intake, The relative risks for fruit consumption became
closer to unity (data not shown).

Table 3  Relative risks and 95% confidence intervals of fung cancer incidence according
to quartiles of daily frequencies of vegetable consumption and fruit consumpticn;
Monitoring Project on Cardiovascufar Disease Risk Factors, The Netherlands,

1987-1997
Quartile of intake
1 (low) 2 3 4 {high) p trend
Vegetable Consumption
Cases (n)/total {n} 51/8,475 40/8,447 28/8,384 21/8,490
Person-years 70,367 71,004 70,713 70,715
Mean intake 0.49 0.86 1.23 1.93
{range) {0-0.69) {0.69-1.03) {1.03-1.45) (1.45-6.43)
AR age-adjusted 1 0.73(0.49-1.11)  0.48(0.30-0.77)  0.39 (0.24-065) 0.0001
AR adj. medel 1/ 1 0.89 (0.59-1.35)  0.62 (0.36-1.00)  0.54 (0.33-0.91) 0.008
AR adj. model 22 1 0.90 (0.59-1.37)  0.63(0.39-1.03) 0.56 (0.33-0.95) 0.01
Fruit Consumption
Cases (n)total (n) 60/8,588 30/7,441 32/9,025 18/8,742
Person-years 71,157 61,921 75,607 74,115
Mean intake 0.20 0.73 1.24 1.89
(range) (0-0.43) (0.45-0.92) {1-1.50) {1.57-2.14)
RR age-adjusted 1 0.80 (0.39-0.93) 0.54 (0.35-0.83) 0.29 (0.17-0.50) 0.0001
RR adj. model 1’ 1 0.85(0.55-1.32)  0.33 (0.60-1.43}  0.62 {0.36-1.06) 0.12
RR adj. mode! 2? 1 0.88 (0.57-1.38)  1.00(0.63-1.566) 0.68(0.39-1.20) 0.26

" adjusted for age, sex, smoking status, pack-years of cigarette smoking and presence of (history of)
lung diseases; 2 adjusted for age, sex, smoking status, pack-years of cigarette smoking and presence
of (history of) lung diseases, energy intake, fruit intake or vegetable intake, vitamin supplement use,
and other supplement use
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Table 4

Relative risks and 95% confidence intervals of lung cancer incidence according

to tertiles of daily frequencies of vegetable consumption and fruit consumption
for Kreyberg | and Kreyberg Il tumors separately; Monitoring Project on

Cardiovascular Disease Risk Factors, The Netherlands, 1987-1997

Cases (n)/total (n)
Person-years
Mean intake
{range)

RR age-adjusted
RR adj. model 1’
RR adj. model 2°

Cases {n)/totai {n)
Person-years
Mean intake
{range)

RAR age-adjusted
RR adj. model 1'
RR adj. model 2°

Cases (n)/ftotal (n)
Person-years
Mean intake
{range}

AR age-adjusted
RR adj. model 1’
RR adj. modei 2°

Cases (n)/total (n}
Person-years
Mean intake
(range)

AR age-adjusted
RR adj. model 1
AR adj. model 2

Tertile of intake

1 {low) 2 3 {high} p trend
Vegstable Consumption
Kreyberg | tumors
30/11,245 34/11,245 16/11,246
83,734 94,684 94,047
0.55 1.04 1.79
(0-0.80) (0.80-1.29) (1.29-6.43)
1 0.98 (0.60-1.62) 0.52 (0.28-0.95) 0.03
1 1.17 (0.70-1.83) 068 (0.37-1.25) 021
1 1.16 (0.70-1.93) 0.68 (0.36-1.28) 0.24
Kreyberg Il tumors
34/11,229 11/11,242 711,237
93,582 94,739 93,999
0.55 1.04 1.79
(0-0.80) (0.80-1.29) (1.29-6.43)
1 0.30 {0.15-0.60} 0.20 (0.09-0.45)  0.0001%
1 0.37 (0.19-0.73) 0.27 (0.12-0.61)  0.002
1 0.38 {0.19-0.76) 0.28 (0.12-0.64)  0.003
Fruit Consumption
Kreyberg | tumors
42/11,005 20/11,946 18/10,785
91,336 99,801 91,328
0.28 1.03 1.80
{0-0.64) (0.71-1.29) (1.29-2.14)
1 0.45 (0.27-0.77) 0.41(0.24-0.72)  0.002
1 0.70 (0.41-1.21) 0.86 (0.48-1.52) 0.59
1 0.72 (0.42-1.25) 0.86 (0.47-1.56) 0.62
Kreyberg H tumors
27/10,990 14/11,940 11/10,778
91,259 89,761 91,299
0.28 1.03 1.80
(0-0.64) {0.71-1.29) (1.29-2.14)
t 0.48 (0.25-0.92) 0.38 (0.19-0.76)  0.008
1 0.72 (0.38-1.38) 0.73 (0.36-1.50) 0.39
1 0.85 (0.44-1.56) 0.98 (0.46-2.05}  0.95

! adjusted for age, sex, smoking status, pack-years of cigarette smoking and presence of (history of)
lung diseases; Z adjusted for age, sex, smoking status, pack-years of cigarette smoking and presence
of (history of) lung diseases, energy intake, fruit intake or vegetable intake, vitamin supplement use,

and other supplement use

No formal interaction was observed between vegetable or fruit intake and sex or
smoking status. However, because of inconsistent results by smoking status in the
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literature, additional analyses were restricted to baseline smokers. These results for
vegetable intake and for fruit intake were not materially different {data not shown).

Of the 140 lung cancer cases, 57% were Kraeyberg group | tumors (20%
squamous cell, 19% small cell, and 19% large cell carcinoma), 37% Kreyberg group
Il tumors (adenocarcinoma), and 6% were other tumors. Results of analyses
stratified by the Kreyberg group are given in Table 4. Incidence of Kreyberg group |
tumors was not statistically significantly associated with vegetable intake, whereas
the adenocarcinomas (Kreyberg 1l) were strongly inversely related with vegetable
consumption: the model 2-adjusted relative risk (95% Cl) in the highest tertile of
intake was 0.28 (0.12-0.64). Fruit consumption was not associated with lung cancer
incidence of Kreyberg group | nor of Kreyberg group Il tumeors,

Associations adjusted according to model 2 between intake of specific vegetables
and lung cancer risk per histological tumor type are given in Table 5. For the
Kreyberg group | tumors, chicory was inversely associated with risk with borderline
significance. Higher intake of string beans/snap beans was related with a lower
incidence of Kreyberg group Il tumors. Mareover, higher intakes of cabbage and
carrots were nonsignificantly associated with a lower Kreyberg group H incidence.
Intakes of oranges, mandarins and apples were not associated with the Kreyberg
group | tumors or the Kreyberg group Il tumors after adjustment for potential
confounders (data not shown).

When age-adjusted analyses were performed for all lung cancer cases, intakes of
mixed salad, tomatoes, carrots, apples, mandarins, oranges, and with borderline
significance cabbage and string beans/snap beans were inversely associated to risk.
However, after adjustment for the other potential confounders and the other
vegetables and fruits eaten, no specific vegstable or fruit was associated with overall
lung cancer incidence (data not shown).

Discussion

This prospective study showed an inverse association between vegetable intake
and lung cancer incidence. Especially the risk of adenocarcinomas was lowered by
vegetable consumption, After adjustment, mainly due to smoking, a higher fruit

intake was no longer statistically significant associated with a lower lung cancer risk.

When only adjusted for age, both fruit and vegetable consumption were strongly
inversely related with lung cancer incidence in our study. Further adjustment for the
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Vegetable and fruit consumption and lung cancer

other potential confounders weakened both associations, but especially the one with
fruit. Fruit consumption was more closely correlated with smaking (intensity) than
vegetable consumption (see Table 2), as observed by others®®*?’. And although the
correlation between fruit and vegetable intake was nat that high, further adjustment
for vegetabie intake, often not performed by other investigators, further weakened
the relationship. It can be discussed whether prevalence of (history of) lung diseases
is a potential confounder or an intermediate. Repeating the analyses leaving out this
variable did not change our results {data not shown). Our results seemed to be
robust, because analyses excluding the cases in the first two years of follow-up, and
restricting to baseline smokers were not materially different from those performed in
the whole study population.

When analyzing the age-adjusted relationship between intake of specific
vegetables and fruits and lung cancer incidence, several types were inversely
associated with risk. After further adjustment, including other fruits and vegetable
eaten, no association remained. Associations with types of vegetables and fruits
differed by histological type. After full adjustment there was an indication for an
inverse association of chicory with Kreyberg group |, and of string beans/snap beans
and to lesser extent of cabbage and carrots with Kreyberg group Ii tumors, However,
because the number of cases per histological type was limited, these results should
be interpreted with caution.

The dietary assessment method used was designed to rank subjects on their
intake and not to assess the exact amounts eaten. Our results should therefore be
interpreted as differences in lung cancer risk between high and low intake rather
than for a given difference in intake. The number of vegetables and fruits asked for
in the questionnaire was limited. In the data of the Dutch National Food
Consumption Survey 1992%, intake of our nine vegetables covered 67% of the
intake of all vegetables, whereas intake of apples, oranges and mandarins added up
to 55% of the intake of all fruits.

In generat, habituat vegetable intake is difficult to assess. Observed correlation
coefficients with a reference method range from 0.19 to 0.60°*%. Relative validity for
our questionnaire fits in this range: compared with a cross-check dietary history a
correlation coefficient of 0.34 was observed®® and compared with the mean of twelve
24-h recalis the Spearman cortrelation was 0.23 (unpublished results). Similar to
other food frequency questionnaires (correlations in the range 0.34-0.72%°%%),
relative validity of fruit inlake was better, with correlation coefficients of 0.66 against
the cross-check dietary history and 0.39 against the 24-h racalls. Mareover, fruit and
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vegetable intake was correlated with sex, age and smoking habits in the directions
commonly found?®273"3

Because our food frequency questionnaire did not assess the consumption of all
main dietary carbohydrate sources, levels of calculated energy intake were low, The
relative validity in ranking subjects {(against the 12 24-h recalls) was however good,
i.e., r=0.71 {unpublished results).

Because smoking is such a strong lung cancer determinant and is associated with
decreased intake of fruits and vegetables, a residual confounding effect may be likely.
In this study, we collected detailed information on smoking and by adjusting both for
smoking status and for pack-years of cigarette smoking, we tried to limit this effect.
However, some residual confounding by smoking may still be present.

Cancer incidence was obtained through record linkage. The linkage key was
found {o have a sensitivity of 98% and an initial predictive value of a computer match
of 98% in the Netherlands Cohort Study’®>. We may have missed some cases
because the registration was not complete in 1987 and 1988, incidence in some
years was based on the regional cancer registries only, and subjects were lost to
follow-up due to emigration or were not linked due to several reasons. For persons
not linked because of missings on a linkage to National Population Database, vital
status or because they did not agree on release of medical records, mean age,
smoking status and fruit and vegetable intake was calculated. These persons were
somewhat younger (i.e. 38.6 years) than the non-lung cancer cases, but were to the
same extent baseline smokers. Vegetable intake was slightly lower, probably
because of the younger age.

Our study population consisted of relatively young men and women. We had
more adenocarcinomas (37%) and less squamous cell tumors (20%) compared to
the general Dutch population (22% and 43%, respeclively), and consequently a
lower prevalence of Kreyberg group | tumors (57% versus 70%)™. This observation
is also in accordance with the observed increase in incidence of adenacarcinomas in
The Netherlands'®. Adenocarcinomas occur more often in women than in men'’ and
were found to be more frequent in young male patients than in older men™. In our
study population, however, the mean age and distribution of the sexes (data not
shown) were comparable between both Kreyberg tumor groups. Smoking was
slightly stronger associated with incidence of Kreyberg group | than of group 1l
tumors. The relative risk (95% CI) for smoking status (in 3 categories) was 3.75
(2.24-6.28) and for pack-years of cigarette smoking 1.03 (1.02-1.04) for group |
tumors in a model including age and sex. For Kreyberg group Il tumors these figures
were 3.41 (1.90-6.12) and 1.02 (1.01-1.04), respectively.
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Vegetable and fruit consumption and lung cancer

As mentioned in the Introduction, results of epidemiological studies by histological
_type are not consistent. In studies in which vegetable and fruit consumption was
stronger associated with squamous and/or small cell carcinoma than with
adenocarcinoma® '3 ™M oy or the majority of subjects were males and
prevalence of smoking was relatively high. As in the present study, Steinmetz et al.”
and Speizer et al.? found stronger relations for vegetables. These studies have in
common that they investigated women only and that the prevalence of
adenocarcinomas was relatively high (33 and 41%, respectively). Therefore, it
seems that vegetable consumption may be more related to reduction of the lung
cancer risk in study populations that include women, that have a relatively high
prevalence of adenocarcinomas, and that have a relatively lower exposure to
cigarette smoke. However, findings from Fraser et al." do not fit this picture, and
thus show that inconsistencies still remain.

In conclusion, in this prospective study among relatively young Dutch adults,
vegetable intake was inversely related with lung cancer incidence. This association
was mainly observed with adenocarcinomas. After adjustment for confounders, fruit
intake was no longer related to lung cancer risk.
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Chapter 6

Abstract

The recommendation for fruit and vegetable intake includes a certain quantity and
eating a variely. The evidence for eating a varigty is limited. We examined the
association between cancer risk and adherence to the recommendation for fruits
and vegetables, addressing both the aspect of quantity and variefy, in a prospective
cohort study among 730 Dutch men aged 65-84 years. These men were followed for
10 years resulting in 138 cancer cases. The gquantily of fruits and vegetables was
assessed using a dietary history, while the varely in intake was based on a food
frequency questionnaire.

Adherence to the recommended amounts of fruit and vegetables was inversely
associated with total cancer risk: the relative risk (RR) adjusted for potential
confounders was 0.56 (95% confidence interval (CI) 0.31-1.00). Eating the
recommended daily 200 grams of vegetables was not related to cancer incidence,
whereas eating the recommended 200 grams of fruit was associated with a 38%
lower risk compared to eating less than 100 grams. Variety in vegetable intake was
inversely associated with total cancer and with non-lung epithelial cancer: the RRs
{95% CI) for the highest vs. lowest tertile were 0.64 (0.43-0.95) and 0.51 (0.27-0.97),
respectively. Variety in fruit intake was not associated with cancer risk.

In conclusion, adherence to the guidelines for fruit and vegetable intake was
associated with lower cancer risk. Besides quantily, also variety in intake is of
importance.

Introduction

Dietary recommendations have been originally formulated to meet nutrient
requirements and to prevent deficiency diseases. Nowadays prevention from chronic
diseases like cancer is used as an additional rationale to promote a healthy diet.
Fruits and vegetables are an important source of many required nutrients, and
epidemiological studies have consistently shown that fruit and vegetable
consumption is inversely associated with especially the risk of epithelial cancers'?. it
is unclear whether specitic fruits, vegetables or compounds are responsible for this
relation.

In 1991 the “5 A Day for Better Health” Program was started in the US to promote
an increase in fruit and vegetable consumption®. Other countries followed, among
others The Netherlands in 1995. The Dutch recommendation for fruit and vegetable
intake aims at a certain quantity, i.e., 200 grams of fruits and 150-200 grams of
vegetables daily, and at variety in consumption. The association between the
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Quantity, variety and cancer risk

amount or frequency of fruit and vegetable intake and cancer risk has been
extensively studied, mostly in middle-aged persons'?. For variety, on the contrary,
the evidence is limited*®. In most case-control studies, variety in vegetable intake
was inversely associated with cancer risk®'', but not in all'*'; whereas variety in
fruit intake was inversely related to cancer risk in only two of these studies®'. In the
only prospective study conducted, variety in vegetable intake was not independently
associated with lung cancer risk, while variety in fruit intake was not related with
lower risk of lung cancer'®.

We examined whether fruit and vegetable intake according to the guidelines,
examining both the aspect of quantity and variety, was associated with total cancer
risk in a cohort of elderly men. Moreover, we specified analyses to lung cancer and
non-lung epithelial cancer. Since the aspect of variety has been hardly studied in
prospective studies, we focused on this aspect of the dietary guidelines.

Subjects and methods

Study population

The study population consisted of men participating in the Zutphen Eiderly Study,
an extension of the Zutphen Study. In 1960, the Zutphen Study started with a cohort
of 878 men from Zutphen (The Netherlands) bomn between 1900 and 1919, as the
Dutch contribution to the Seven Countries Study'™. In 1985, 367 of the 555
participants who were still alive were re-examined. In addition, a random sample
(two out of three) of all other men in the same age range living in Zutphen was
invited to participate in the study (n=711). In total, 939 men (response rate 74%)
were examined in 1985, and complete information on dietary and other risk factors
was available for 790 men. After excluding ali prevalent cancer cases, 730 men
remained for analysis.

Data collection

Dietary and medical examinations were carried out between March and June
1985. The habitual diet in the month preceding the interview was determined using a
cross-check dietary history method adapted to the Dutch situation'®. Experienced
dietitians interviewed participants at home in the presence of the person usually
preparing meals. A checklist of foods and quantities of food bought per week was
used to calculate and verify the participant's food consumption pattern. The
dietitians encoded the food intake data, and these data were converted into energy
and nutrient data using the 1985 release of the Dutch food composition table. We
used the dietary history-data to compute the amount of fruits and vegetables
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consumed in daily grams. Further, a frequency guestionnaire assessed the habitual
intake of 27 vegetable types and 7 fruit types. The vegetables assessed were those
commonly eaten in The Netherlands (a list is available on request), whereas the
fruits measured were mainly available and eaten in summer, i.e., strawberries,
berries, grapes, peaches, cherries, prunes and apricots. Consumption was asked in
five categories ranging from never to more than once a week in the season that
these foods were on the market. We calculated the variety in fruit and vegetable
consumption by summing up the number of vegetables and fruits eaten at least once
a month based on the food frequency questionnaire only. We did not include
potatoes in the vegetable group.

Detailed information on smoking behavior was obtained by a questionnaire, by
which smoking status (never, ex, baseline) and pack-years of cigarette smoking
could be determined. Weight and height were measured while participants wore
underwear only, and body mass index was calculated (weight’height’). The total
minutes of physical activity per week {engaged in walking, cycling, hobbies, sports,
gardening and work) derived from a self-administered questionnaire originally
designed for retired men'’ were calculated. Socio-economic status (SES) was
determined by job status, based on the job performed longest'® and categorized in
four groups, i.e., professionals/managers/iteachers (highest), small business owners,
non-manual workers, and manual warkers (lowest).

Follow-up and disease ascertainment

Information on the vital status of the participants until January 1995 was obtained
from municipal population registries. Three men were lost to follow-up in 1991,
These men had moved, of which two abroad and one with unknown destination.
They were included in the analyses, but censored at 31 December 1990.

Disease prevalence at baseline and incidence of disease during follow-up was

recorded during the examinations in 1985, 1990, 1993, and 1995 using standardized
questionnaires. All information was verified with hospital discharge data and written
information from the general practitioner. Three physicians coded the incidence
uniformly using the 9th Revision of the International Classification of Diseases'®.
We studied incident total cancer {ICD 140-209), incident lung cancer (ICD 162) and
incident epithelial cancer other than lung (i.e., tumors of the cropharynx, esophagus,
stomach, colon, rectum, liver, gallbladder, pancreas, kidney and bladder) as
endpoints. Since it is often difficult to determine the underlying cause of death in
elderly peopie, we included both the primary and secondary cause of death in the
analyses. At baseline, 60 men (8%) had cancer and we excluded them from the
analyses.
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Statistical analysis

- We used Cox proportional hazard analysis (SAS procedure PHREG, SAS release
6.12, SAS Institute, North Carolina, USA) to study associations between vegetable
and fruit consurnption, both quantity and variety, and cancer incidence. To study
quantity, we divided the fruit and vegetable consumption into three groups based on
the Dutch dietary guidelines: group 1: <150 g/d of vegetables (i.e., less than the
lower limit) andfor <100 g/d of fruits {less than half the recommendation); group 3:
2200 g/d of vegetables and 2200 g/d of fruits {(meeting both the recommendation for
vegelables (upper limit) and for fruit); and group 2: those remaining. We also
studied the vegetable and fruit intakes separately by degree of adherence to the
guidelines. We divided vegetable intake into <150, 150-200 and 200+ g/d, and fruit
intake in <100, 100-200 and 200+ g/d. We studied variety in consumption in tertiles
of intake. We adjusted the analyses for age only, and for age, smoking status, pack-
years of cigarette smoking, total energy intake, alcohol intake, physical activity, and
body mass index (BMI). Moreover, when we analyzed fruit intake, we made an
additional adjustment for vegetable intake and similarly we adjusted vegetable intake
for fruit intake. When we studied variety, we made an additional adjustment for
amount of fruit and vegetables consumed. We could make these additional
adjustments because the Spearman correlation coefficient between fruit and
vegetable intake was 0.13, and between quantity and variety 0.23, 0.25, 0.30, for
fruit plus vegetables, vegetables and fruil, respectively. In addition, we adjusted all
analyses for SES. We derived probability values for a linear trend from tettile
medians.

Results

During 10 years of follow-up 138 men developed cancer. Of these, 97 men had
epithelial cancer, including cancers of the oropharynx (n=7), esophagus (n=2),
stomach (n=7), colon (n=16), rectum (n=3}, liver/gall bladder/pancreas (n=9),
kidney/bladder (n=16), and lung/bronchus (n=42). Numbers do not add vp to 97
because 5 men had more than one incident tumor. Only the first oceurring cancer
has been included in the analyses.

Because the focus of this paper is on variely in intake, we give descriptors of the
study population by tertiles of variety in fruit and vegetable intake (Table 1). Men in
the lowest tertile of variety tended to have a lower socio-economic status, to be more
often smokers, slightly older, to consume less fruit and vegetables, to have a lower
energy intake, and to be less physical active compared to men in the highest tertile
of variety.
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Table 1 Baseline characteristics of the study population by tertile of variety in fruit and
vegetable consumption, the Zutphen Elderly Study 1985

Tertiles of variety (range)
Low (3-18) Medium (19-23 ) High (24-33)

Number of men 232 258 240
SES (%)’
professionals 18.3 249 34.6
small-business owners 21.0 21.8 16.7
non-manyal workers 28.4 27.2 26.7
manual workers 323 26.1 221
Smoking status (%)
never 220 18.2 18.3
ex 43.5 50.8 54.2
current 34.5 31.0 27.5
Mean {SD)
Variety (# types) 148+ 3.2 211+ 1.4 266+ 2.4
Age (years) 715t 55 710+ 52 708+ 4.9
Vegetable intake (g/d) 158+ 77 179+ 66 193+ 73
Fruit intake (g/d) 184 + 150 194 + 134 224 + 136
Energy intake (MJ/d} 92+23 9.6+2.1 9.7+21
Alcohol intake (g/d) 11.6+16.3 13.7217.3 1431174
Pack-years of cigarette
smoking 242+227 20.3+23.1 204+156
among ex-smokers 29.2+16.4 295+ 14.6 33.3+20.7
among baseline smokers
Total physicai activity (min/wk) 590 + 590 712 + 651 773700
BMI (kg/m?®) 25.7 + 3.1 25.6 + 3.2 255+ 3.1

' n=3 missings in lowest tertile and n=1 missing in medium tertile

Sixteen percent of the study population met both the recommendations for the
quantity of vegetable and of fruit intake. The lowest category of quantity of fruit and
vegetable consumption consisted of 48% of the study population, and the middle
category of 36% of the study population (Table 2). Consuming fruits and vegetables
according to the guidelines was associated with a 44% lower total cancer risk (Table
2). Variety in fruit and vegetable intake was not related to cancer risk, although
relative risks decreased with higher variety (Table 2).

In Table 3, the risk estimates for the association between vegetable intake and
incidence of total cancer, lung cancer, and non-lung epithelial cancer are shown.
The quantity of vegetables consumed was not related to cancer incidence, whereas
the variety in vegetable intake was inversely associated with total cancer risk. The
highest tertile of variety in vegetable intake was associated with a 36% lower total
cancer risk. Additional adjustment for grams of fruits and vegetables consumed did
not weaken the association. The association observed for total cancer was mainly
due to the relation found for incidence of non-lung epithelial cancers.

86



Quantity, variety and cancer risk

Table2  Age-adjusted and multiple-adjusted relative risks {RR) for total cancer incidence
by adherence to the Dutch guidelines for fruit and vegetable intake {(group 1:
<150 g/d of vegetables and/or <100 g/d of fruit; group 2: not in group 1 or group
3; group 3: 2200 g/d of vegetables and =200 g/d of fruit} and by tertiles of variety
in fruit and vegetable intake, the Zutphen Elderly Study 1985-1995

Vegetable and fruit intake by adherence to the

___guidelines
Group 1 Group 2 Group 3 p trend
Cases (n)/Total (n) 76/350 48/266 141114
Intake (g/d) {mean + SD) 282 £ 127 407 £ 102 601 + 165
Age-adjusted RR (95% CI) 1 0.78(0.54-1.12)  0.53 (0.30-0.94) 0.02
Adjusted RR (95% CI)' 1 0.79 (0.55-1.14)  0.56 (0.31-1.00) 0.03
Tertiles of variety in vegetable and fruit intake

Low Mediurn High p trend
Cases (n)/Total (n} 49/232 521258 37/240
Variety (mean £ SD) 148+32 21114 266124
Age-adjusted RR {95% Cl} 1 0.94 (0.63-1.38) 0.74 (0.48-1.13} 0.16
Adjusted RR (95% C1Y’ 1 0.90 (0.61-1.34) 0.71 {0.46-1.09) 0.12
Adjusted RA (95% CI)2 1 0.93 (0.63-1.39) (.75 (0.48-1.16) 0.19

! adjusted for age, smoking stalus, pack-years of cigarette smoking, total energy intake, physical
activity, BMI and alcohol intake; 2 adjusted for age, smoking status, pack-years of cigarette smoking,
total energy intake, physical activity, BMI, alcohol intake, and fruit and vegetable intake

Assaciations between fruit intake, quantity and variety, and cancer risk are given

in Table 4, Meeting the recommended fruit intake, i.e., 200 g/d, was associated with
a 38% lower cancer incidence compared to those eating less than 100 g/d. Both
incidences of lung cancer and non-lung epithelial cancer were lower with higher fruit
intake, but associations did not reach statistical significance. The risk estimates for
higher variety in fruit intake were all below 1, but none was statistically significant.
Additiona! adjustment for fruit and vegetable intake slightly weakened the
association between total cancer and variety in fruit intake (Table 4).
Further adjustment for SES did not materially change the results (data not shown).
Moreover, excluding the cancer cases in the first two years of follow-up (n=29) did
not lead to different results for the quantity of vegetables or fruits, nor for the variety
in vegetable consumption {(data not shown). For variety in fruit intake, however,
associations with total cancer and non-lung epithelial cancer became statistically
significant: RRs (95% C1), 0.63 (0.41-0.96), 0.65 (0.39-1.09}, p trend 0.03; and 0.51
{0.26-1.00), 0.54 (0.24-1.20), p trend 0.04, respectively. Also the association
between variety in fruit and vegetable intake and total cancer became slightly
stronger, i.e., of borderline significance: RRs (95% Cl}, 0.89 (0.57-1.39}), 0.64 (0.39-
1.05), p trend 0.08.
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Chapter &
Discussion

In this population of elderly men, adherence to the recommended amounts of
fruits and vegetables was associated with a 44% lower cancer risk during 10-year of
follow-up. For fruit intake, the quantity was inversely related to cancer risk and not
the variety. For vegetable intake, not the quantity but the variety was inversely
associated with cancer incidence. The latter relation was mainly seen for the group
of epithelial cancers other than lung cancer,

High intakes of fruits and vegetables have been associated with lower cancer risk
at different sites in many, but not all, epidemioclogical studies. Some studies found
stronger associations for fruits, others for vegetables?, We found an inverse
association between total cancer and the consumed amount of fruits, but not of
vegetables. Fruit intake was inversely related with both lung cancer and non-lung
epithelial cancer, although no statistical significance was reached.

Variely is part of the distary guidelines for a long time**%. Besides its relation with
nutritional adequacyz"za, evidence for this recommendation is limited*®. However, it
is hypothesized that rather 2 mix of potentially plant-based anticarcinogens than a
single compound may protect against cancer. Several indices of overall diet diversity
or quality and diversity within food groups have been developed®™. Such indices
have been used to examine nutrient adequacy and dietary quality*®*, and have

been related o risk of chronic diseases®™ ™,

In our study, variety in vegetable intake was inversely associated with total cancer
and with non-lung epithelial cancer. Similar results were found for colorectal cancer®
8, gastric cancer’ and oropharyngeal cancer'® in case-control studies. These studies
were conducted in ltaly and the latter in Switzerland. In two case-control studies on
colon cancer from the US'*"?, a higher vegetable variety was nonsignificantly related
with lower risk. Prospectively, variety in vegetable intake was not associated with
lung cancer risk'®. This is consistent with our results, because we did not observe an
association for lung cancer.

Variety in fruit intake was not related to total cancer risk in our study. The reductions
in lung cancer risk with higher fruit variety we (12%) and Feskanich et al."* (19%})
observed were both not statistically significant. In case-control studies, variety in fruit
intake was inversely related to gastric cancer’ and to oropharyngeal cancer'®, but

not to colon/colorectal cancer®®'2'3,

Most epidemiological studies use food frequency questionnaires (FFQ} to assess

consumption. FFQs rank fruit and to a lesser extent vegetable intakes mostly
reasonably well, however, they are less suitable to measure the level of intake
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accurately™. Therefore, most studies compare a low with a high intake by dividing
the consumption in tertiles, quartiles or quintiles, depending on the study size. These
studies are less appropriate to study adherence to guidelines in terms of absolute
levels and cancer risk. Our validated dietary history-method'® assessed however
grams of consumption, and was therefore suitable for this purpose. To ascerain
variety in fruit and vegetable intake we used a food frequency questionnaire.
Because correlations between variety and quantity did not exceed 0.3 in our study,
probably because they criginated from different sources, we could assess their
associations independently. This is in contrast with the study of Feskanich et al." in
which quantity and variety were highly correlated. It may be questioned whether that
study is suitable to assess independent assaociations for quantity (i.e. frequency) and
variety.

In our study, vegetable variety was based on a wide range of commonly eaten
vegetables in The Netherlands. For fruit variety, the number of items was smaller,
and consisted of fruits consumed mainly during summer. We found variety in
vegetable intake more strongly related to cancer risk than the quantity consumed,
and for fruit intake vice versa. However, we must point at the smaller range in
quantity and at the wider range in variety of vegetable consumption compared to fruit
intake. Alsa in the case-control studies performed on this subject, the range of
variety in fruit intake was mostly smaller than of vegetable intake®"*. Therefore, it is
difficult to conclude that fruit variety is not associated with cancer risk. Especially,
because after excluding the cases in the first two years of follow-up, this association
became statistically significant. This may be an indication that also variety in fruit
intake plays a role in reducing the cancer risk.

An advantage of our study is its prospective design. However, subjects could
have changed their habits due to subclinical disease at baseline. We checked this
influence by exciuding the cases in the first two years of follow-up. The associations
for quantity of intake did not differ, and the relations with variety in intake became
stronger. The fatter was also observed by McCullough et al.¥” with the Heaithy
Eating Index. Moreover, subjects could have changed their lifestyle during follow-up.
Because cancer is a disease with a long latency period, we do not expecl that such
changes have had a rajor impact on outcome. A disadvantage of our study was the
small sample size, especially for performing subgroup analyses. Moreover, at
baseline the men had a mean age of 71. So, dietary intake and other lifestyle factors
before baseline may have influenced the cancer risk.

We saw that the men in the highest tertile of variety in fruit and vegetable intake
also had the healthiest lifestyle (regarding smoking, physical aclivity and dietary
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aspects) and the lowest risk profile (regarding age and SES). This is consistent with
a study on total diet diversity based on the NHANES I-data®®. Education and energy
intake were higher with higher diversity, while male smokers and those little
physically active had a low diversity. Also Slattery et al.' found younger and higher
educated individuals having a more diverse diet. The question is whether variety in
intake itself is the reason for the lower risk or just a marker for those at the lowest
risk. By adjusting for potential confounders we tried to estimate the association for
variety itself, however, we cannot rule out residual confounding.

To summarize, adherence to the dietary guidelines regarding fruit and vegetable
intake was associated with a substantially lower cancer risk in this elderly male
population. Regarding fruit intake, quantity was associated with a reduction in cancer
incidence. For vegetable intake, higher variety and not quantity lead to lower cancer
incidence, mainly of non-lung epithelial cancers. Moreover, because we do not know
which constituents of fruits and vegetables are responsible for reducing the cancer
risk, it seems wise o stress the aspect of variely in the dietary recommendations to
the public.
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Chapter 7

Abstract

Fruit and vegetable intake is inversely associated with cancer risk in many

epidemiological studies. Accurate assessment of consumption of these foods is
however difficult, and biomarkers of intake would overcome several drawbacks of
currently used dietary assessment methods. Therefore, we investigated the relation
between plasma carotenoids and usual vegetable and fruit intake. Plasma
carotenoid concentrations were measured and vegetable, fruit and juice consumption
was assessed by a food frequency questionnaire (FFQ) in a randem sample of 591
Dutch men and women aged 20-59 years from the MORGEN-project, one of the
contributions to the EPIC-study. In this sample of the general Dutch population,
plasma B-cryptoxanthin was the best indicator for fruit intake, and for the sum of
vegetable, fruit and juice intake. For a contrast between the medians of the lowest
vs. highest quartile of this intake, the difference in plasma B-cryptoxanthin level was
49% and 55% in men, and 41% and 42% in women, respectively. In addition,
plasma B-cryptoxanthin distinguished between three of the quartiles of this intake.
Plasma lutein concentrations divided low from high vegetable consumers: levels
differed 15% in men and 18% in women between the lowest and highest quartile of
vegetable intake. Lutein concentrations could not separate all quartiles of vegetable
intake.
In conclusion, plasma carotencids were only crude indicators of vegetable and fruit
intake as assessed by a FFQ; B-cryptoxanthin for fruit intake and lutein for vegetable
intake. None of the plasma carotenoids could distinguish all four quartiles of
vegetables, fruit and/or juice intake.

Introduction

Many epidemiological studies around the world have associated a higher fruit and
vegetable intake with a lower cancer risk, mainly of epithelial cancers'. Till now it is
not clear whether the total of vegetables, fruits and juices consumed, the intake of
vegetables or of fruits, of specific vegetables or fruits, or of compounds in these
products are responsible for this association.

The difficulty of assessing vegetable and fruit intake®® complicates this kind of
research. Methods used depend on the participant's memory and ability to take into
account the variability in intake, for exampie from day to day, or by season. Moreover,
memory might be biased by the actual health status. Measuring compound
concentrations in human tissue indicative for intake, i.e., biomarkers of intake, would
be an objective method to assess dietary intake. Carotenoids are candidates for
biomarkers of vegetable and fruit intake, because these foods are the primary source
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and carotenoids cannot be synthesized by humans or animals. Moreover, because
carotenoids differ in type and in quantity between (varieties of) vegetables and fruits, it
should be possible also to distinguish intake of vegetables and fruits separately.
Carotenoids in blood or adipose tissue have been studied as biomarkers of intake of
vegetables and fruits®”. it seems that absolute intakes cannot be translated into
carotenoid concentrations. Intakes and carotenoid concentrations are however
comrelated, although the observed correlation is generally not strong®®®. Besides
dietary intake, also factors as sex, age, BMI, blood cholesterol, smoking and alcohol

drinking have been associated with carotenoid concentrations™'°,

Within the framework of the European Prospective Investigation into Cancer and

Nutrition (EPIC)"", van Kappel et al.'? analyzed the plasma concentrations of six
carotenoids in the 16 geographical areas of the EPIC-study in persons aged 45-64
years. In the present paper we studied one of these areas, i.e., The Netherlands,
and used an extended sample of 591 Dutch men and women 20-59 years.
The EPIC-participants are followed over time to study the relations between dietary
intake, among others of vegetables and fruits, and cancer risk. Both the total intake of
vegetables, fruits and juices and the intake of vegetables and fruits separately or
specific foods may be etiologically of importance. Therefore, we studied the
associations between these intakes as assessed with a food frequency guestionnaire
and plasma carotenoid concentrations to investigate whether plasma levels could
indicate intake. Because in epideriological studies dietary intake is often categorized,
we studied whether carotenocid concentrations were able to discriminate between
quartiles of intake.

Methods

Study population

Our study population is a sub-sample of the participants of the MORGEN-project,
which is one of the two Dutch contributions to the EPIC-study’'. The MORGEN-project
contains 22,769 respondents from a random sample of the Dutch population aged 20-
64 years from three towns in the Netherlands {Amsterdam, Doelinchem, and
Maastricht) examined in the period 1993 to 1997'%. The response rate was 45%'*. The
Medical Ethical Committee of TNO Nutrition and Food Research approved the study
according to the guidelines of the Helsinki Declaration.
Our study was an extension of a study conducted within the framework of EPIC'. In
each of the 16 geographical areas of EPIC in 9 European countries, 100 men and
100 women were randomly selected among the participants aged 45-64 years with
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complete data, with equal numbers in the sex-age strata. One of the areas was The
Netherlands.

For the present study, the sample from the Dutch MORGEN-project has been
extended to 36 participants per sex and Sy-age-stratum in the age range 20-59 with
complete data. Within these strata, sampling was random, except that participants
were equally selected from each town, i.e., Amsterdam, Doetinchem and Maastricht.
From the 576 participants selected, one person had not given informed consent for the
EPIC-study, for one person carotenoid analyses failed, and three persons had missing
data on potential confounders, leaving 571 persons for data analysis.

Data collection

Participants of the MORGEN-project filled in two self-administered guestionnaires:
a general questionnaire and a semi-quantitative food frequency questionnaire. In
addition, during a physica! examination at the Municipal Health Service weight and
height were measured and blood was collected by trained research assistants.
The general questionnaire provided information on sex, age, smoking, alcohol
drinking and physical activity. The fooed frequency questionnaire assessed the
habitual consumption of 178 food iterns and vitamin supplements during the
previous year. The quantity consumed was estimated in commonly used units,
household measures, or by colored photographs of foods showing different portion
sizes®. Energy and nutrient intakes were calculated using an extended version of the
1996 computerized Dutch food composition table'®.

Blood sampling and carofenoid analyses

Non-fasting venous blood samples were obtained in sitting positien in 10-mL
Safety-Monovette® tubes (Sarstedt, Tilburg, The Nethertands). The samples used
for preparation of plasma were collected in syringes containing 1 mL of 3.13%
trisodium citrate as anti-coagulant. Filled syringes were kept at 5-10°C, protected
from light. After centrifugation the next day for 20 minutes at 1,500 x g, blood
fractions were aliquoted into 0.5-mL straws (CBS-IMV, P'Aigle, France) and initially
frozen at -80°C before transfer into liquid nitrogen (-196°C). The 28 aliquots
obtained from each subject were divided into two identical series of 14 straws. One
series was stored in the local center, the other was transported to the central
biorepository at IARC in Lyon, France. For the intemational study'? plasma samples
stored at IARC were used. For the additional sample for this study, plasma samples
stored in The Netherlands were collected and transported to IARC under nitrogen in
a dry shipper (CP-100, CryoPak Dry Shippers, Taylor-Wharton).

Plasma carotenoid concentrations were determined at IARC, Lyon by reversed
phase high performance liquid chromatography (HPLC) following a method adapted
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from Steghens et al.'®. Seven carotenoids were analyzed: a-carotene, B-carotene, -
cryptoxanthin, lutein, lycopene, zeaxanthin and canthaxanthin. We did not study
canthaxanthin separately because analysis of canthaxanthin had high between-day
variation, canthaxanthin could not be determined in about half of the samples, and
contribution to total carotenoids was low (0.7% on average). Values of canthaxanthin
were however included in the sum of carotenoids. In the international study,
between-day coefficients of variation over the entire period of analysis, i.e., 11
months, were 6.6% for a-carolene, 6.3% for B-carotene, 4.8% for B-cryploxanthin,
7.6% for lyocpene, 6.2% for Iutein, and 16.5% for zeaxanthin'?.

Cholesterol determinations were performed in the Lipid Reference Laboratory (LRL)
of the University Hospital Dijkzigt in Rotterdam using standardized enzymatic
methods. Total cholesterol was measured using a CHOD-PAP method
(Boehringer)”. '

Statistical analysis

We associated vegetable and fruit intake assessed by the food frequency
questionnaire {(as independent variable) and plasma carotenoids (as dependent
variables) individually, as sum of carotenoids, and combinations of individual
carotencids.
The distributions of the carotenoid plasma levels were positively skewed, therefcre
we used natural logarithmic transformations in the analyses, with the null values set
at 10% of the lowest value (i.e., n=15 for a-carotene; n=1 for B-carotene; n=2 for
lycopene; n=1 for zeaxanthin). For descriptive purposes means and standard
deviations are based on non-transformed data. Correlations presented are
Spearman correlations. We used SAS {version 8.1, SAS Institute, Cary, NC) for afl
analyses. Differences in characteristics between men and women were tested using
a t-test for normally distributed variables, the Wilcoxon two sample-test for skewed
data, and the Chi-square test for categorical variables. Findings were considered
statistically significant if the two-sided p value was <0.05,
We used multiple linear regression (PROC GLM) to study the associations between
vegetable and fruit intake {(continucusly) and plasma carotenoid concentrations,
Moreover, we studied these relations with intake divided into quariles. We
investigated men and women separately, and explored associations at three levels:
1) the sum of vegetables, fruits and juices; 2) vegetables, fruils and juices as
separate groups; 3) specific vegetables and juices, known for their (high) content of
specific carotencids. The analyses at level 3 were combined for men and women,
and extended to pizza and tomato sauce. The following associations were
investigated: a-carotene with intake of green/string beans, carrots, pizza and
vegetable juice; B-carotene with leek, tomato, red beets, lettuce, cabbage, pepper,
green/string beans, peas, spinach, endive, carrots, pizza and vegetable juice; B-
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cryptoxanthin with pepper and orange/grapefruit-juice; lutein with leek, tomato,
lettuce, cabbage, pepper, green/string beans, peas, spinach, endive, carrots, pizza,
orange/grapefruit-juice and vegetable juice; lycopene with tomate, pepper, spinach,
pizza, tomato sauce and vegetable juice; and zeaxanthin with red beets, cabbage,
pepper and green/string beans. Specific fruits could not be studied individually
because the intakes were highly correlated because of questionnaire design.
Associations are expressed as percentage difference in carotenoid concentration for
the difference between the median intake of the iowest quarile and the median
intake of the highest quartile.

We adjusted all models for potential predictors of carotenoid concentrations, i.e.,
age (continuously), socic-economic status (SES) (3 categories based on education),
smoking status {(never, ex and current), alcochol consumption (continuously), energy
intake {continuously), any supplement use {yes/no), physical activity (4 categories),
body mass index (BMI, kg/m?; continuously), total plasma cholesteral (continuously),
center (3 centers) and season. Analyses at level 3 were in addition adjusted for the
vegetable or juice intake other than the specitic types studied.

The international study showed that parameters related to the laboratory
measurements and storage time were of marginal importance'', therefore we did not
adjust for these parameters.

Results

In Table 1 selected characteristics of men and women studied are presented.
Women consumed more fruits and vegetables, but less energy and alcohol. The
three vegetable and fruit types eaten most were the same for men and women, i.e.,
in descending order, cabbages, carrots and string beans/snap beans, and
apples/pears, citrus fruit and bananas, respectively (data not shown).

The Spearman correlation between fruit and vegetable intake was 0.20. Fruit intake
was stronger correlated with the sum of vegetable, fruit and juice intake compared to
vegetable consumption, i.e., 0.80 versus 0.45.

Plasma carotenoid concentrations were higher in women than in men, except for
canthaxanthir (Table 2). Lycopene contributed most to total carotenoids, followed by
lutein, B-carotene, B-cryptoxanthin, a-carotene, zeaxanthin and canthaxanthin. The
lycopene contribution was lower in women than in men, whereas the contributions of
a-carotene and B-cryptoxanthin were higher in women (Table 2).

High correlation coefficients were found between plasma levels of a-carotene and B-
carotene (0.69), a-carotene and pB-cryptoxanthin (0.53), B-carotene and $-
cryptoxanthin (0.54), and between lutein and zeaxanthin {0.76). Lycopene was

100




Plasma carotenoids and vegetable and fruit consumption

Table 1 Selected characteristics of the study population
Men (n=284) Women (n=287)
Mean SD Mean SD

Age (years) 39.5 11.5 39.6 1.6
BMI (kg/m®) 25.3 3.8 25.0 4.2
Sacio-economic status (%)

low 40.1 425

medium 328 3341

high 271 24.4
Smoking (%)

current 38.7 37.6

ex 30.6 26.1

never J30.6 36.2
Alcohol (g/d) 18.6 20.8 8.2' 138
Supplement use (%) 26.1 30.7
Total cholestercl (mmol/L) 4.96 1.04 5.07 0.96
Energy (kJ/d) 11,394 3,411 8,371 2,207
Fat intake {en%) 34.4 5.2 34.5 48
Vegetables (g/d) 113 49 127 50
Fruits (g/d) 153 125 1886 145
Fruit juices (g/d) 79 92 86 89
Vegetable juices (g/d) 5 8 7 12

! significantly different from men (based on & t-test for narmally distributed variables, the Wilcoxon two
sample test for skewed data, and the Chi-square test for categorical variables)

relatively weakly correlated with the other carotenoids (0.10-0.29), whereas
canthaxanthin was poorly correlated with lycopene (0.10) and not correlated with the
other carotenoids. The correlation cosfficients of the individual carotenoids with the
total of carotenoids were all high (between 0.57-0.74), expect for canthaxanthin
(0.05). Based on these correlations, combinations of a-carotene and p-carotene, a-
carotene, B-carotene and p-cryptoxanthin, lutein and zeaxanthin, and of total
carotenoids without lycopene and canthaxanthin were formed.

Table2 Plasma carotenoid concentrations (umol/L) and their contribution {%) to total
carotenoid concentration

Men (n=284) Women (n=287)

Mean sD % of total Mean SD % of total
a-Carotene 0.081 0.060 55 0.120 0.080 6.9°
B-Carotene 0.240 0.152 165 . 0.302 0.184 17.5
B-Cryptoxanthin 0.167 0.132 11.4 0225  0.167 13.1°
Lutein 0.251 0.098 185 0.304 0.111 18.8
Lycopene 0.620 0308 425 0.658 0.341 38.1°
Zeaxanthin 0.066 0.028 4.8 0.085 0.034 5.2
Canthaxantin 0.010 0.013 0.8 0.009 0.015 0.6
Total carotenoids’ 1.435 0.514 1.704 0.606

' sum of analyzed carotenoids; 2 significantly ditferent from men (using the Wilcoxon two sample test)
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In Table 3 correlation coefficients between plasma carotenoid concentrations
(individually and in combinations), and the sum of vegetable, fruit and juice intake,
and vegetables, fruits and juices separately are given. All carotenoids were positively
correlated to intake, except for lycopene. Correlation coefficients ranged between -
0.11 and 0.41. In general, correlations were somewhat stronger in men than in
women, except for zeaxanthin. Correlations of combinations of carotencids did not
exceed the highest correlation of individual carotenoids.

Table 3  Spearman correlations between plasma carotenoid concentrations and the sum
of vegetable, fruit and juice intake, and vegetables, fruits and juices as separate
groups, men and women separately’

Vegetables + Vegetables Fruits Juices
Fruits + Juices

3 ? ) ? ) ? 3 2

o-Carotene 0.29 0.28 0.21 0.17 0.28 0.28 0.12 0.07
B-Carotene 0.24 017 0.19 0.15 0.25 0.18 0.09 -0.02
B-Cryptoxanthin 0.41 0.35 0.13 0.00 037 037 0.29 0.21

Lutein 0.19 0.20 027 0.19 0.16 0.18 0.07 0.03
Lycopene -0.02 -009 004 002 -007 -0.1% 0.04 -0.04
Zeaxanthin 0.18 0.23 0.16 0.10 0.08 0.16 0.21 0.23

Total carotencids 0.21 0.18 0.19 0.15 015 018 0.16 0.04

Total-(lyc+cant)® 0.35 0.31 028 0.16 029 031 0.20 0.10
o-+B-carotene 0.27 0.21 020 0.17 027 o023 0.1 -0.00
o-+B-car+B-cryp® 0.35 0.29 0.21 0.12 034 03 0.20 0.09
Lutein+zeaxanthin __ 0.20 0.22 026 0.18 0.14 0.19 0.10 0.08

! correlations from 0.12 and higher were statistically significant; ? total carotenoids minus lycopene and
cantaxanthin; ? g-carotene plus B-carotene plus B-cryptoxanthin

In Table 4 the percentage difference in plasma concentration is given for the
difference in intake between the median of the lowest vs. the highest quartile of intake.
In men, plasma concentrations of a-carotene, B-carotene, B-cryptoxanthin, lutein, total
carotenoids, and total carotencids excluding lycopene and canthaxanthin were all
associated with the sum of vegetable, fruit and juice intake. p-Cryptoxanthin showed
the greatest percentage difference in plasma concentration. The percentage
difference in concentration was higher for total carotenoids when excluding lycopene
and canthaxanthin. In women but not in men the concentration zeaxanthin was
associated with intake of the sum of vegetable, fruit and juice intake, while in men but
not in women the concentration of B-carotene was associated. Higher intake of
vegetables was marked by a higher plasma concentration of $-carotene, lutein and
total carotenoids. In wornen, also a-carotene was associated with a higher vegetable
intake. In men, p-carotene showed the largest difference between a low versus a high
vegetable intake, and in women this was observed for a-carotene. A high fruit intake
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was associated with higher concentrations of B-cryptoxanthin and total carotenoids. in
addition, in men a-carotene and lutein concentrations were aliso higher. B-
Cryptoxanthin concentrations differed most with fruit intake, both in men and in
women. B-Cryptoxanthin and zeaxanthin concentrations were higher with higher juices
intake, but only in women. Combinations of plasma carotencids associated with intake
did not show greater percentually differences between intake levels than the individual
carolenoids (data not shown).

Table 4 Adjusted‘ ditference in plasma carotenoids (%) between the median of the
lowest and the highest quartife of intake of the sum of vegetable, fruit, juice
intake, and of intake of vegetables, fruits and juices separately

Vegetables + Vegetables Fruits Juices
Fruits + Juices

3 e o3 g 3 4 J P

Median Q4-Q1 (g/d) 393 406 101 99 246 281 143 142

a-Carotene 3512 223° 181 30.0° 468 116 -103 07
B-Carotene 2017 129 184° 1707 136 71 24 04
B-Cryptoxanthin 548 417 120 -82 488 4077 88 107
Lutein 129° 146 150° 17.77 108 68 -1 2.1
Lycopene -5.8 -4.6 11.4 8.9 3.7 -3.5 -12.0 -5.8
Zeaxanthin 109 250° 72 67 107 120 06 139

Total carotenoids ~ 15.3° 1460 13.6° 124 122 102* 05 1.0
Total-{lyc+cant)® 253° 233° 155° 125 202° 167 29 45

! linear regression analyses with age, SES, smoking status, alcohol consumption, energy intake,
supplement use, physical aclivity, BM!, total plasma cholesterol, center and season as potential
confounders;  statistically significantly difference between the quartiles; ® total carotencids minus
hycopene and cantaxanthin

For the significant differences shown in Table 4, the geomelric means ot the
quartiles of intake are given in Table 5 to investigate whether plasma concentrations
increased monotonously with intake or only divided low and high consumers. Around
one third of the carotenoid concentrations did not increase monotonously with
quartile of intake. Lutein was the only carotenoid for which concentrations increased
with each quartile of vegetable intake for both men and women. For intake of fruits
and juices (women only), this was the case for B-cryptoxanthin. Moreover, it was
tested whether these carotenoid concentrations differed statistically across quartiles
(data not shown). Nene of the carotenoid concentrations were statistically
significantly different between all four quartiles of intake. -Cryptoxanthin appeared
to have the best discriminating power, i.e., three quartiles of the sum of vegetable,
fruit and juice intake, and of fruit iniake were distinguished significantly. Vegetable
intake was divided only in two groups by lutein and by total carotenoids without
lycopene and canthaxanthin.
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Table5  Adjusted’ geometric means of plasma levels within the quartiles of intake (Q) of
the sum of vegetable, fruit, juice intake, and of intake of vegetables, fruits and
juices separately

Q  Vegetables + Vegetables Fruits Juices
Fruits + Juices

d Q ¢ ? 3 ? ¢ ?

0.047 0.092 0.091 0.045

0.050 0.100 0.088 0.053

0074 04101 0.109 0.072

g.072 0.120 0.124 0.073

0.182 0204 0.231

0.186 0.183 0.259

0.236 0.200 0.288

0.227 0.244 0.302

0105 0.154 0.108 0.149 - 0.175

0.127 0.174 0132 0479 0.187

0.163 0.209 0.159 0.196 0.194

0.199 0.256 0.189 0.268 0.219

0208 0260 0210 0257 0.227

0224 0.284 0223 0265 0.216

0247 0311 0229 0312 0.234

0243 0311 0262 0325 0.244
0.071 0.080
0.078 0.071
0.079 0.083
0.085 0.087

1271 1563 1352 1511 1289 1.565

1.257 1579 1.268 1.602 1288 1.687

1.487 1.718 1301 1.730 142t 1.609

1447 1848 1524 1840 1.441 1.814

0654 0.866 0711 0900 0681 0885

0683 0950 0719 0924 0719 0973

0853 1036 0742 1.057 0793 0971

0858 1139 04855 1.076 0836 1.132

o-Carotene

B-Carotene

B-Cryptoxanthin

Lutein

Zeaxanthin

Total
carotenoids

Total
carotenoids,
without
lycopene and
canthaxanthin

PN 2 BN S RO BLONADRON - BON= RO

! linear regrassion analyses with age, SES, smoking status, alcohol consumption, energy intake,
supplement use, physical activity, BMI, total plasma cholesterol, center and season as potential
confounders

Several vegetable types and orange/grapefruit juice were associated with the
plasma levels of one of the carotenoids. Results are given as percentage difference in
plasma concentration for the difference in intake between the median of the lowest vs.
the highest quartile of daily intake: carrot intake and a-carotene (+31% for A21g);
intake of tomatoes and cabbage and B-carotene (+26% for A14g and +17% for
A35g, respectively); intake of orangefgrapefruit juice and pB-cryptoxanthin (+36% for
A112g); intake of cabbage and lutein (+13% for A35g); intake of tomatoes, tomato
sauce and pizza and lycopene (+21% for A14g, +33% for A36g and +14% for A27g,
respectively); and intake of cabbage and zeaxanthin (+11% for A35g). Geometric
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means of the quartiles of intake were calculated and it was tested whether these
carotenoid concentrations differed statistically across guartiles. Levels of carotenoids
increased with quartile of intake, except for the associations between carrot intake
and a-carotene, and pizza and lycopene. None of the carotenoid levels could
distinguish all four quartiles of intake (data not shown).

Discussion

We found that plasma B-cryptoxanthin concentrations best indicated reported fruit
intake. Because the variation in fruit intake contributed most to the variation in the sum
of vegetable, fruit and juice intake, B-cryptoxanthin also best indicated this total intake.
Although the B-carotene concentration percentually differed most between persons
with low and high vegetable intake, lutein best distinguished low from high
consumers. Carotenoid concentrations were however only crude markers of usual
intake and could not distinguish all different quartiles of reported vegetable and fruit
intake.

In 1991 and 1992 the reproducibility and relative validity of the food groups as
assessed with the FFQ were tested”. The reproducibility after 6 months of vegetable
intake was 0.80 and 0.61 for men and women respectively, and 0.76 and 0.65 after
12 manths. For fruit intake, these figures were 0.70 and 0.77, and 0.61 and 0.77,
raspectively. The relative validity for vegetable intake, with 12 24-hour recalls as a
reference, was 0.38 for men and 0.31 for women. For fruit intake these values were
0.68 and 0.56, respectively. Especially the assessment of vegetable intake appeared
difficult, although our values were in the range of results of other studies®. Yet, our
observed associations between individual vegetables and carotenoids, such as a-
carotene with carrot intake, B-carotene and lutein with intake of cabbage, and
lvcopene with tomato (sauce), gave confidence in the questionnaire.

Main sources of carotenoids in the diet are vegetables and fruits. Small amounts
are also found in foods of animal origin such as some fish and crustaceans, egg yolk
and dairy products. Furthermore, carotenoids are taken as supplements and are used
as coloring-agent in food industry.

Carotenoid levels in blood increase when persons increase their intake of vegetables,
fruits and juices'®'?. Moreover, if people are given diets with low levels of carotenoids,
the plasma concentrations decrease in approximately 14-30 days and then tend to
reach slowly declining plateau values®. Carotenoids are absorbed by duodenal
mucosal cells through a mechanism involving passive diffusion and transperted in the
blood in lipoproteins®', Transport and absorption differ between carotenocids. Half-lives
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of plasma B-carotene, a-carotene and B-cryptoxanthin are 7 to 14 days, of lycopene
12 to 33 days and of lutein 33-61 daysz°'22. However, fairly constant carctenoid
patterns were found for up to one yearza‘z“. Plasma concentrations are probably
maintained from deposits in adipose tissues. It is estimated that more than 90% of the
carotenoids in the body is found in tissues and <10% in plasmazs. The concentration
of B-carotene in tissues is assumed proportional to that in plasma®, Dietary,
physiclogical and matrix-associated factors, such as the dietary mattix and crystalline
structure of the carotencid in the maltrix, processing and cooking, nutrtional status,
genetic factors and the amount of carotenoids present in the dist may affect
bicavailibility>" %%, Bicavailibility of lutein from vegetables is found to be five times
higher than that of B-carotene®’.

We found that plasma lutein best indicated reported vegetable intake. Lutein is
widely distributed in green leafy vegetablesza. Intervention studies showed increased
plasma lutein concentrations when vegetable® or vegetable and fruit consumption ™'
was enhanced. Also plasma o-carotene™' and B-carotene®™® went up after
increasing vegetable (and fruit) intakes in those studies. Observational studies mostly
linked intake of carotenoids instead of vegetable and fruit consumption with plasma
levels of carotenoids. The studies that did investigate vegetable intake in relation with
plasma carotenoid concentrations found correlations with lutein®>, but also with a-
carotene™™ and B-carotene™®, although comelation coefficients were not high. In our
study plasma B-carotene showed the grealest difference between the lowest and
highest vegetable intake, but appeared not to increase with each quartile of intake in
men. The better performance of lutein compared to B-carotene may be a result of
differences in bioavailibility or halfdive times. Plasma a-carotene only indicated
vegetable intake in the women in our study.

Ptasma B-cryptoxanthin best marked fruit intake in our study. Citrus fruils are a
major dietary source of B-cryptoxanthin in western countries®. In one observational
study, total fruit intake was correlated with the plasma B-cryptoxanthin in men but not
in women™. Among 20 women plasma B-cryptoxanthin was not correlated to fruit
intake, while concentrations of Iutein and a-carotene were®. Other observational
studies combined fruit and vegetable intake and found the strongest correlation for
plasma B-cryptoxanthin in women, while in men correlations with a-carotene and B-
carotene were strongest®™. Campbell et al.” included B-cryptoxanthin, and also lutein
and a-carotene in their prediction equation for vegetable and fruit intake. Others
found serum B-carotene positively associated with fruit and vegetable intake™.

We are not aware of other studies that investigated the ability of plasma carotenoids
to distinguish between quartiles of vegetable and fruit intake.
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Based on these results it cannot be concluded that single plasma carotenoids
indicate vegetable and/or fruit intake, but B-cryptoxanthin, lutein, B-carotene and a-
carotene have been repeatedly related to these intakes. Part of the variance in these
observations may be a result of differences in demographic, lifestyle and
endogenous characteristics of the populations studied. Also differences in types of
vegetables and fruits consumed, and significance of other sources of carotenocids
may have played a role. In addition, also differences in measurement error in
estimated vegetable and fruit intake may have accounted for this variance.

In studying plasma carotenoid concentrations as biomarkers of usual vegetable and

frutt intake, we assumed a marginal contribution of dietary sources other than
vegetables and fruits, and relatively stable plasma concentrations. Carotenoid
concentrations may however vary during the day, concentrations measured in the
moming were 6-10% higher than those in the evening®. Comstock et al.®® however
found ranked concentrations of carotenoids from a single sample sufficiently
representative to be used as predictors of subsequent concentrations.
A greater problem for studying associations between intake and plasma levels is
probably the measurement error in the intake data; this accounts mainly to the intake
of vegetables. Therefore, observed associations are probably attenuated ones. The
more valid measurement of fruit intake compared to vegetable intake makes it
difficult to conclude whether B-cryptoxanthin better indicates fruit intake than lutein
indicates intake of vegetables. In the multiple linear regression analyses, fruit intake
was however the variable explaining most of the variance of the plasma B-
cryptoxanthin. This was not the case for vegetable intake, i.e., the total cholesterol
concentration explained most of the variance in lutein plasma levels in men and BMI
in women (data not shown).

Plasma carotenoids indicated only crudely the consumption of vegetables and

fruits as assessed by a FFQ. This makes plasma carotenoids for instance useful to
check whether participants of an intervention study increased their intake
substantially. However, plasma carotenocids may be less useful to accurately rank
persons according to their usual vegetable and fruit intake.
Diminishing the measurement error of intake, for example by using repeated
measurements of dietary intake, may lead to stronger associations between dietary
intake and plasma levels. However, it is questicnable whether such an improvement
is good enough to come to a valid measurement of usual vegetable intake. Maybe a
combination of dietary assessment methods and biomarkers may perform better in
estimating usual intake, and subsequently helps to further elucidate the complex
relation between diet and cancer®®. Development of such methodologies deserves
attention.
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In conclusion, plasma carotengid concentrations could be used to divide low from
high consumers in our study population: B-cryptoxanthin for fruit intake, and lutein
for vegetable intake. However, carotenoid concentrations were only crude markers
of intake and were not able to distinguish between all quartiles of vegetable and fruit
intake.
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Chapter 8

Abstract

Fruits and vegetables have been consistently inversely associated with cancer
risk. Consumption of these foods is below recommended daily intake in many
Western populations, including The Netherlands. We described the fruit and
vegetable consumption and the change in this consumption over a 10 year-period,
i.e., 1987/868-1997/98, for the Dutch population aged 19 years and older using data
of the National Food Consumption Surveys from 1987/88 (n=4,134), 1992 (n=4,466)
and 1997/98 (n=4,661).

Based on the evidence from observationa! epidemiclogical studies, we estimated
which part of the cancer incidence would be potentially preventable over a 40-year
period by increasing the current fruit and vegetable infake using a computer
simulation model. We did this for a subgroup of the population only, i.e., persons 19-
35 years of age with a low level of education, because they consumed the lowest
amounts of fruits and vegetables.

In 1997/98, mean fruit and vegetable intakes were 105 g/d and 142 g/d in men, and
122 g/d and 138 g/d in women, respectively. We estimated that if all persons aged
19-35 with a low level of education would adhere to the dietary guideline of 400
grams of fruits and vegetables daily, 14 to 22% of the cancer incidence would
potentially be prevented over a 40-year period. The other, more realistic, scenarios
simulated resulted in smaller reductions, i.e., in the range of 1-7%.

In conclusion, based on current evidence, enhancing fruit and vegetable intake to
the level of the distary guideline may lead to a potential reduction in cancer
incidence of 14 to 22%. However, this ideal situation may not be realistic, and
therefore smaller reductions should be expected in reality.

Introduction

Despite the postulated beneficial effects of fruits and vegetables on cancer risk’,
results from the Dutch National Food Consumption Surveys show that the intake of
these foods is below the recommended daily level of 200 grams fruits and 150-200
grams vegetables in the majority of the adult population. Furthermore, these surveys
show that the consumption has declined during the 10-year period 1987/1988-
1997/1998%. Also in other countries, such as the United States® and northwestem
European countries such as the United Kingdom®, Ireland® and Denmark®, a
substantial proportion of the population does not comply with dietary guidelines for
fruit and vegetable intake.

Besides time trends in fruit and vegetable consumption, also socio-demographic
variables, such as sex, age and educational level, have been related to the amount
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of these plant foods eaten, although these relations rmay not be equal in all societies.
Moreover, certain lifestyle characteristics have been associated with level of fruit and
vegetable consumption, e.g. smokers consuming less fruits”.

In the present paper, we describe the level of fruit and vegetable consumption
and the changes in this consumption over a 10 year-period, i.e., 1987/88-1997/98,
for the Dutch population aged 19 years and older. Based on these figures, we
identified a subgroup of special interest for studying the potential impact of
enhancing fruit and vegetable consumption on cancer incidence. This subgroup
consists of persons aged 19-35 years with a low level of education. They eat the
lowest amounts of fruits and vegetables and are young enough, censidering the
latency time of cancer of several decades, to be of interest for prevention strategies.
We used a computer simulation model to estimate the potential reduction in cancer
incidence over a 40-year period by increasing the fruit and vegetable intake
according to different scenarios.

Methods

Fruit and vegetable intake

Data on fruit and vegetable consumption in The Netherdands are based on the
three Dutch National Food Consumption Surveys carried out in 1987/88, 1992 and
1997/98, respectively. The numbers of participants were 5,898 in 1987/88, 6,218 in
1992 and 6,250 in 1997/98 with response rates of 79.5%, 71.5%% and 68.5%°,
respectively. From an existing panel, households were selected and individual data
were collected from the household members aged 1 year and older. The panel
consisted of a stratified probability sample of non-institutionalized households in The
Netherlands. In the first two surveys, households with a head housekeeper aged 75
or over were excluded. In the last survey this exclusion criterion was abandoned.
Socio-demographic characteristics of the panel members could be obtained from the
panel hoider, i.e., the marketing research institute GFK.
A two-day weighed dietary record-method was used to assess dietary intake.
Trained dietitians Instructed the participants for recording consumption data and
assessed volume measures. The survey was distributed equally over the seven days
of the week and over a whole year, whereas holiday periods were excluded. For
each individual the average intake over two days was calculated, and the food
products were categorized into 23 major food groups, among which fruits and
vegetables. In the food groups ‘fruits’ and 'vegetables’, potatoes, legumes and nuts
were not included®.
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We calculated the intake per survey for men, women, sex-age groups and
according to educational level for those 19 years and over. Pregnant women
(1987/88, n=52; 1992, n=58; 1997/98, n=50) were excluded, leaving data of 4,134,
4,466 and 4,661 persons from the three successive surveys, respectively. Intake of
fruit juices was calculated separately. We used the following age groups: 19-35, 36-
49, 50-64 and 65 years and over. A low level of education was defined as primary
school, lower vocational or fower general education as highest level of completed
education, whereas a high education was defined as completed higher vocational or
university education.

For the descriptive analyses, we used SAS (version 8.1, SAS Institute, Cary, NC).
The Kruskall-Wallis test was used to compare dietary intake across categories. The
significance level was set at 0.05.

Estimating health gain

We estimated the potential reduction in cancer incidence over a 40-year period
following several scenarios for increasing fruit and vegetable intake. These
estimates were restricted to persons aged 19-35 years with a low level of education.
In The Netherlands, this group consists of around 1,000,000 persons.
We used the Chronic Diseases Model of the National Institute of Public Health and
the Environment for estimating this reduction in cancer incidence'’. In this computer
model trends or interventions regarding socio-demographic or lifestyle factors can be
simulated and subsequent health effects can be estimated. The relation between
risk factors and chronic diseases is build in, in terms of relative risks. These relative
risks are deduced from observational epidemiological studies and intervention
studies available in literature.
The model is based on the life-table method and subsequently extended to a multi-
state transition model*. The general idea is that each person belongs to a risk factor
class, in our situation fruit and vegetable intake. For each risk factor class a relative
risk for the disease under study is defined, in our case cancer incidence. Based on
the prevalence distribution of a population and the accompanying risk estimates,
cancer incidence is estimated using the computer model. Following scenarios
specified, another prevalence distribution of the risk factor is calculated and used for
estimating subsequent cancer Iincidence. Thus, during simulation some persons
become diseased; in our simulation they become an incident cancer case.
Moreover, by including national data of the two major causes of death, i.e., cancer
and coronary heart disease, in the model, persons may die in the simuiation.
Diseased persons remain at risk for getting other diseases. This approach results in
a dynamic population. In our calculation we simulated for 40 years and calculated
the cumulative number of new cancer cases over this period. We chose a period of
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40 years because this is a relevant time frame in carcinogenesis for the studied age
group.

We derived information on fruit and vegetable consumption from the Dutch

National Food Consumption Survey of 1997/98. In order to come to an estimation of
the fruit and vegetable intake representative for the whole Dutch population in this
age range with a low educational level, weighing factars delivered by the marketing
research institute GFK were used.
Woe categorized fruit and vegetable consumption by dividing the combined intake
into five categories, i.e., less than 100, 100-199, 200-298, 300-399 and 400 g/d or
more. Intake of fruits is considered both with and without intake of fruit juices. The
highest consumption category stands for those adhering to the recommended intake
of at least 400 grams per day, i.e., 200 grams of fruit and 200 grams of vegetables.
We assumed that this highest category corresponds with the highest potential risk
reduction of cancer {lowest RR)} and the lowest consumption category with no risk
reduction (RR=1, reference category). For the categories in between, risk reductions
were log-linearly interpolated. The relative risks used were extracted from the vast
amount of epidemiologica! studies performed in this area as summarized by Klerk et
at.'?, They gave three estimates of ‘the’ relative risk per cancer site, i.e., a
conservative, a best guess, and an optimistic value. For this analysis, we used the
conservative and the best-guess estimates (given in the Appendix). Relative risks
were assumed to be independent of sex, age and education.

We simulated the effect of four different scenarios for increasing the fruit and
vegetable consumption after 1997/98. The ‘effect’ has been defined as the
difference in ¢ancer incidence between the reference scenario and an alternative
scenario. We expressed results both in absolute numbers and in relative numbers.
We analyzed men and women separately, and aggregated over the sexes. The
following scenarios have been simulated: Reference scenario: consumption
remains the same as in 1997/98; Trend scenario: consumption returns to the level
of 1987/88, thus, counteracting the unfavorable decline over the past 10 years;
Guideline scenario: consumption is according to the dietary guideline of at least
400 grams of fruits and vegetables per day, i.e., the most ideal situation; Education
scenario: consumption reaches the more favorable level of the highly-educated in
the same age range, thus, counteracting the unfavorable effect of a low educational
level; Age scenario: consumption reaches the level of the 50-65 year olds with the
same (low) educational level, thus, counteracting the unfavorable situation in the
young versus the old.
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We assumed an inverse relationship with fruit and vegetable intake for the
following cancer types: cancers of the oral cavity, larynx, esophagus, lung, stomach,
colon, rectum, bladder, kidney, pancreas, breast, endometrium, cervix, ovary and
prostate. We applied the simulation model to each cancer type separately, but
reported total cancer by summing up the incidence numbers per cancer. The cancer
types considered contributed 72% to the total cancer incidence and 76% to the total
cancer mortality in The Netherlands in 1994. The remaining types of cancer were not
included in the computer model. Moreover, we reported the three cancer types that
are potentially most preventable per sex.

We used Dutch population composition data'?, disease-specific and total mortality
data' from Statistics Netherlands. Cancer incidence data specified to sex and 5-
years age categories came from the Netherlands Cancer Registry™.

Results

In Table 1 the mean and standard deviation of the intake of vegetables, fruits,
fruits including fruit juices, vegetables and fruits, and vegetables, fruits and fruit
juices are given for men and women separately per survey. The mean intakes were
significantly tower in 1997/98 than in 1987/88, except for the intakes including fruit
juices. The largest contrasts were observed between 1987/88 and 1992. Intakes
between 1992 and 1997/98 did not differ significantly. Men consumed more
vegetables than women in 1987/88 and 1992, whereas the difference in 1997/98
was not statistically significant. Women ate more fruits in all three surveys.

Table 1 Fruit and vegetable intake (g/d) and age (years) (mean £ SD) in the three Dutch
National Food Consumption Surveys for men and women aged 19 years and

older
1987/88 1992 1997/98
Men Women Men Women Men Women
(n=1,930) (n=2,204) {(n=2,058) (n=2,408) (n=2,117) (n=2,544)
Age 427+151 4282154 431:149 4292151 444+£159 458+ 169
Vegetables 159104 150+ 98 147100 140+ 95 1422102 13Bx 96
Fruits 122 £ 132 133+ 124 112 +126 126 £ 125 105122 122 +121

Fruits and juices 153 £ 156 187 +163 151+ 166 191 +177 157+ 174 201 +188
Vegetables and 281 + 183 2B3+168 259+172 266=x169 247173 2602170

fruits
Vegetables, fruits 313 £ 203 337198 299:205 330x211 299+212 339223

and juices
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Figure 1  Mean vegetable intake (g/d) in the three successive surveys per age-group in
men (A} and women (B); and mean fruit intake (g/d) in these surveys per age-
group in men (C) and women (D)

Mean vegetable consumption in men (Figure 1A) and in women {Figure 1B) was

lowest in the youngest age group, i.e., 19-35 years, in each survey except for men in
1987/88. Also fruit consumption was lowest in the youngest men {Figure 1C) and
women (Figure 1D). Although mean intakes of vegetables and fruits decreased
during the 10-year period, figures 1A-1D show that this decline was mainly seen in
the younger age groups. Vegetable intake did not decrease in those 50 years of age
and over. Fruit intake, however, was lower in 1897/98 in men and women 65 years
and older compared to the consumption in the other surveys.
In Figures 2A-2D mean intakes of vegetables and fruits by educational level are
shown for men and women aged 19-35 years in all three surveys. In general, intakes
were Jowest in those with a low level of education. The difference between low and
high educational level was most pronounced for fruit consumption in women.
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Figure 2 Mean vegetable intake (g/d) in the three successive surveys per educational
level in persons 19-35 years of age for men (A) and women (B); and mean fruit
intake (g/d) in these surveys per educational leve! in this age-group for men (C}
and women (D)

Based on these results the subgroup of persons 19-35 years of age with a low
level of education was identified as risk group. For this group, we performed the
simulation study to estimate the potential reduction in cancer incidence over a period
of 40 years.

As described in the Method section, the risk factor we simulated was fruit and
vegetable intake combinad, divided into five categories. In Table 2 the prevalences in
these five categories for the situation excluding fruit juices per scenario are given.
The reference scenario describes the situation in 1997/28. From this table it is clear
that only a small percentage of the group studied, i.e., persons aged 19-35 with a low
level of education, met the dietary guideline for fruit and vegetable consumption.
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Compared to the distribution of the trend scenario, i.e., the situation of 1887/88, this
picture has deteriorated. Moreover, by comparing the reference scenario with the
education and age scenarios, it seems that adherence to the dietary guideline in the
studied group was less favorable than in those of the same age but with high
education, or in those with a low Jevel of education but in the age range of 50-65. A
similar distribution in these five categories was made for the intake including fruit
juices {data not shown).

Table2  Percentage of men and women aged 19-35 years with a low level of education in
the five categories of fruit and vegetable in the different scenarios used for

modeling
Fruit and vegetable consumption’ (g/d)
< 100 100-199 200-299 300-399 400+

Reference scenario

men 24.6 33.7 191 129 9.8

women 37.5 320 20.2 5.6 1.6
Trend scenario _

men 19.7 29.7 19.4 15.7 156

women 20.7 343 23.8 12.7 8.5
Guideline scenario

men 0 0 0 0 100

women Q 0 . 0 0 100
Education scenario

men 18.0 27.8 241 155 146

women 15.1 245 24.1 211 15.2
Age scenario

men 171 225 21.5 20.5 18.3

women 13.7 216 22.8 18.4 235

! excluding fruit juices

We calculated the expected cancer incidence over a 40-year period in the
reference scenario for fruit and vegetable consumption. The cumulative absolute
numbers were around 70,000 cancer cases for men and around 50,000 for women
in a population of 1,000,000 persons at risk. Simitar simulations were done for the
alternative scenarios. The differences between the reference and altemative
scenarios are depicted in Figure 3 as percentages of cancer cases that could be
prevented for men and women combined both using the ‘best guess’ and the
‘conservative’ estimates of the relative risks. in Table 3 the accompanying number of
incident cancer cases are given for men and women separately and combined.

As expected, the guideline scenario provided the highest potential cancer reduction,
i.e., in the range of 15-22% (18,386-27,955 cases). The health gain estimated
according to the education scenario and the age scenario were both lower than in
the guideline scenario, but in the same range, i.e., 3-6% (3,416-7,779 cases). The
trend scenario was estimated to provide the least health gain, i.e., from 2 to 3% of
the cancer cases (2,459-3,914 cases}). Logically, the estimates using the
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conservative relative risk values were consequently lower than those using the best

guess values.
Potential 25 22
preventable cancer Obest gues.s.
incidenca (%) 20 _l Econservative
cumulatively over
40 years 15
15
10
6
5
i “HE)
L[ |
Trend Guideline Education Age
) Scenarios
Figure 3  Potential reduction in cancer incidence (%) cumulatively over 40 years for the

scenarios ‘trend’, 'guideling’, ‘education’ and ‘age’ compared to the reference
scenario for men and women 19-35 years with a low level of education using the
best guess and the conservative value of the relative risk

Teable 3

Cumutative number of incidemt cancer cases potentially preventable by

enhancing fruit' and vegetable intake according to the scenarios® ‘trend’,
‘guideline’, ‘education’ and ‘age’ for men and women 19-35 years with a low
level of education using the best guess and conservative (‘cons’) relative risk

Number of incident cancer cases potentially prevented

Men Women Total
best guess cons best guess cons best guess cons
Trend scenario 2140 1,588 1,774 873 3,914 2459
Guideline scenario 17,990 13,480 9,965 4,926 27,955 18,386
Education scenario 3,866 2864 3,913 1,830 7,779 4794
_Age scenario 2,453 1,809 3,263 1,607 5716 3416

! excluding fruit juices; 2 Trend: consumption returns to the level of 1987/88; Guideline: consumption Is
according to the dietary guideline of at least 400 grams of fruits and vegetables per day; Education:
consumption reaches the more favorable level of the highly-educated in the same age range; Age:
consumption reaches the level of the 50-85 year olds with the same (low} educational level; see also

Method-section
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Sex-specific results, based on the best guess estimate for the RR were 3% for both
men and women in the trend scenario; 25% for men and 19% for women in the
guideline scenario; 5% for men and 7% for women in the education scenario; and
3% for men and 6% for women in the age scenario. We repeated the analyses
including fruit juices as fruit intake. Estimates of the potential preventable incident
cases were 14-20%, 3-5%, 4-7% and 1-2% for the scenarios guideiine, education,
age and trend, respectively. All estimates were somewhat lower, except for the age
scenario.

Combining results using the best guess and conservative values of the risk
estimates and the scenarios in- and excluding fruit juices leads to the maximum
theoretically cancer reduction of 14-22%.

The three cancers contributing maostly to a decrease in cancer incidence by
enhancing the fruit and vegetable consumption were in descending order for men
fung cancer (41%), colon cancer (11%) and stomach cancer (10%}), and for women
breast cancer (31%), lung cancer (18%) and colon cancer (13%).

Discussion

Fruit and vegetable consumption

Comparing mean fruit and vegetable consumption of adults in The Netherlands
with those in other countries is hindered by differences in assessment methods
used, in classifications of fruit and vegetable intake, and over time. However, intakes
(g/d} in several countries are given: Denmark: vegetables (including potatoes) 255 in
men and 205 in women, fruits (including juices) 152 in men and 179 in wormen®;
Finland: fruits, berries and vegetables 433", Sweden: fruits and vegetables 240 in
men and 290 in women'’; Germany: fruits and vegetables (without processed fruits
and vegetables) 338 in men from East-Germany and 231 from West-Germany, and
359 in women from East-Germany and 256 from West-Germany'®; Ireland, fruits
and vegetables 199°%; United Kingdom: fruits and vegetables, 253 in men and 242 in
women®; France: vegetables 93 in men and 108 in women, fruits 189 in men and
184 in women'®; Italy: fruits and vegetables 433%%; Spain: fruits and vegetables in
men 455 and 500 in women®'; and United States: 4.3 servings/day {estimated to be
344 g)°. In Europe, there seems to be a north-south gradient, with high levels of
intake in the south. Intakes in countries geographically situated around The
Netherlands are roughly in the same range.
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Simulating health gain

As expected, the potential health gain was greatest in the guideline scenario. In
our simulation study we saw that the differences in fruit and vegetable intake within
the population {(according {o age and educational level) were associated with greater
differences in the expected cancer incidence than the decline in fruit and vegetable
consumption over the 10-year period.
The potential preventable effect seemed greater for men than for women following
the guideline scenario, i.e., 23-25% versus 16-19%. This is mainly due to higher lung
cancer incidence in men than in women. Fruit and vegetable consumption differed
more with age and educational level in women than in men. This resulted in higher
percentages of reduced cancer incidence in women than in men in the education
and age scenarios, The results in relative numbers for the trend scenario were in the
same order of magnitude for men and women.

Methodological considerations

The consumption surveys in The Netherands were carefully designed for
assessing dietary intake. The method used estimates the mean intake in a valid way
on group-level, the variation in intake is however less accurately assessed due to the
use of two consecutive days. Other weaknesses of these consumption data may lie
in the fact that selection may have occurred while constructing the panel, and that
not all data were independent because subjects could come from the same
households.

For the purpose of modeling, we had to make major simplifications relevant to the
validity of the forecasts. For example, we divided the 19-35 year olds into five
discrete consumption groups. However in reality, consumption is distributed
continuously. Moreover, relative risks used are estimates for the general population
and not specifically applicable for the group studied. Howaver, we are not aware of
age-specific relative risks for the associations studied. Another simplification is that
besides fruit and vegetable intake other factors affect cancer rigk, which we
assumed constant in our analyses. We also assumed no interaction with other risk
factors; for example, smokers experiencing a greater reduction in cancer incidence
than nonsmokers. Another aspect is that there is a latency period of several
decades between changes in lifestyle and cancer incidence. In our simulation
model, we did not build in a lag-time to take into account this latency period.
However, by simulating over 40 years we imitated a sort of latency period. Forty
years as simulation period is an arbitrary choice. On the one hand a long period is
required because of the long induction and latency period of cancer and
consequently the largest part of cancer incidence occurs later in life, On the other
hand all data used and assumptions made are based on current data and
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knowtedge. The longer the period of simulation, the greater the chance that these
data and assumptions are less applicable. For example, life expectancy and case-
fatality are not static but change over time. Although the 40 years chosen is a long
period, a large proportion of the cancer cases occurs even later in life, i.e., when
people are older than 59-75 years'®.

Etiological considerations

Associations between fruit and vegetable consumption and cancer risk have been
reviewed by many'?*%° Moreover, already in 1981 Doll and Peto®® estimated the
role of dietary factors in cancer etiology at 35% with a wide confidence range of 10-
70%. In 1995, Willett came to an estimation of 32% with a range of 20-42%°".
" However, many aspects of the potential protective effect of fruits and vegetables are
still unclear. Based on the available literature we cannot conclude that associations
consistently differ between vegetables and fruits. In some studies stronger
relationships for fruits were found, while in other studies for vegetables; and these
results also varied by cancer site'. Therefore, we assumed equal inverse
associations for fruits and vegetables, and used the combined fruit and vegetable
intake in our model. Moreover, there is no international consensus whether intake of
fruit juices should {fully) contribute to fruit intake when studying the relations
between intake and cancer risk. Also for potatoes and legumes inclusion in
vegetable intake is not universal around the world. Regarding fruit juices, we chose
to perform the simulations both with and without fruit juices included as fruit.
Because potatoes and pulses are not counted as vegetables in dietary practices in
The Netherlands, we left them out. Morsover, evidence for a cancer-preventing
effect of potatoes and pulses is very limited. These differences in used definitions for
fruits and vegetables lead to uncertainties in risk estimates.
The strength of associations between fruit and vegetable consumption and cancer
types varies widely in literature and is still subject for debate. Because of this
uncertainty we used two estimates for the relative risks in our simulation study.
Also the duration of a specific tevel of fruit and vegetabte consumption necessary for
a decrease in cancer risk is unknown, as is the existence of critical periods in life in
cancer development.

Other simulation studies

Also Klerk et al.'? estimated the potential preventable cancer incidence through
enhancing the fruit and vegetable intake to the recommended level for the Dutch
situation. They used the population attributable risk (PAR) for this purpose.
Mareover, fixed population composition data were used and the estimation had no
time dimension. The report estimated cancer prevention to be 7 to 28%, with 19% as
best guess. In our simulation we used the same conservative and best guess
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relative risks, and came to an estimate of 14 to 22% and added a time horizon of 40
years. Our estimation was therefore somewhat higher compared with their 7-19%.
Probably this is mainly the result of the fact that we did not include total cancer, and
that the mix of most prevalent cancers differs with age and that we studied a
relatively young population.

In another Dutch report™, two policy interventions regarding fruit and vegetable
intake were simulated in the computer model PREVENT for their impact on cancer
incidence. First a 'fruit and vegetable-program” at primary schools, and second an
educational campaign to stimulate fruit and vegetable intake in the whole Dutch
population. They simulated over 50 years and estimated the number preventable
deaths due to lung cancer, stomach cancer, colon cancer and bladder cancer.
Numbers were reported per cancer site for men and women separately per year, but
no attempt was made to report a cumulative figure. However, their calculated
preventable cancer deaths were much lower than our figures for incidence. Major
reasons for this difference are the limited types of cancers included, less extreme
interventions simulated, estimating cancer deaths instead of cancer incidence, and
the intervention in primary school children did not yield substantial effects on cancer
incidence within 50 years due to the low age of the group studied.

We did not found intemational studies that used comparable computer simulations
to estimate the potential preventable cancer incidence by fruit and vegetable intake.

Theoretically versus practical achievable health gain

We calculated health gain that is theoretically achievable and did not deal with the
practical feasibility of the different scenarios. We know that it is difficult to enhance
fruit and vegetable intake in the long term. Intervention/promotion programs mostly
achieve a fise of around half a serving per day, i.e., around 40 grams®%,
sometimes somewhat higher up to around one servinga"sz. Therefore, the guideline
scenario leading to the reduction of 14-22% of cancer incidence may not be realistic.
The other scenarios simulated may reflect changes in fruit and vegetable intake that
are practical achievable. Thus, expected reductions in cancer incidence in reality will
be lower than the estimated maximum of 14-22% of cancer incidence.

Conclusion

We showed that the mean fruit and vegetable consumption in The Netherlands is
below the recommended intake. Consumption was lowest in 19-35 year olds with a
low level of education. Given evidence from observational epidemiological studies,
we estimated that increasing fruit and vegetable consumption to the intake level
recommended by the present dietary guidelines, could potentially decrease cancer
incidence by 14 to 22% over a 40-year period. The other, more realistic, scenarios
simulated resulted in smaller cancer reductions, i.e., in the range of 1-7%. Although
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the used methodology has its limitations, to our opinion the results give a good
picture of the extent of gain in public health theoretically possible given current
knowledge. Our approach gives the opportunity to compare different (public health)
scenarios on their impact on disease incidence, and enables {o include population
dynamics and the time dimension. Moreover, such a systematic approach reveals
the gaps in our knowledge concerning the relation between fruit and vegetable
intake and cancer risk. If we gain further insight in this association, we can refine the
simulations leading to better estimations of the expected cancer incidence.
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Appendix

Relative risks {RR) for fruits and vegetables and cancer in the
highest consumption category compared to no risk reduction in
the lowest consumption category, i.e., RR=1

Cancer Best guess RR with  Conservative RR with
consumption of 400 consumption of 400
g/d or more _g/d or more

Oral cavity 0.45 0.50

Larynx 0.52 0.57
Esophagus 0.54 0.61

Lung 0.58 0.65
Stomach 0.49 0.59

Coton 0.63 0.74
Rectum 0.63 0.74
Bladder 0.65 0.74

Kidney 0.80 0.85
Pancreas 0.62 0.75

Breast 0.84 0.96
Endometrium 0.78 1

Cervix 0.85 1

Ovary 0.85 1

Prostate 0.93 1
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Introduction

The studies described in this thesis belong to field of nutritional epidemiology, in
which dietary factors are studied in relation to the occurrence of disease, in this
thesis epithelial cancer. The aim was to investigate whether intakes of fruits and
vegetables are associated with the risk of epithelial cancer of the alimentary and
respiratory tracts, particularly of lung cancer, in prospective studies.

In this general discussion, main findings are summarized, methodological issues are
discussed, related etiological and public health issues are considered, and directions
for future research are given.

Main findings

Higher intakes of dietary fiber were associated with lower colorectal cancer

mortality rates among 16 male middle-aged cohorts in Europe, Japan and the United
States between 1960-1985 (Chapter 2). Intakes of vitamin B6 and a-tocopherol were
also inversely associated with risk, but these intakes were strongly correlated with
fiber intake. Consumption of fruits and vegetables and subgroups of these foods
were not related to colorectal cancer risk. Fiber intake seemed indicative for that of
part of plant food consumption relevant for lowering colorectal cancer risk at the
population level.
In similar analyses, fruit intake was inversely associated with 25-year stomach
cancer risk and refined grain intake was positively related with this risk (Chapter 3).
Consumption of vegetables and other plant food groups was not related with
stomach cancer risk. Because of the strong negative correlation between intake of
fruits and refined grains in this study, it could not be concluded whether high intakes
of refined grains increase stomach cancer risk or that such diets reflect a diet low in
fruits.

Fruit intake was inversely related to lung cancer mortality among male smokers
aged 50-69 years in Finland, ltaly and The Netherlands in a prospeclive cohort study
between 1970 and 1995 (Chapter 4). This association was confined to heavy
cigarette smokers. Only in the Dutch cohort, fruit intake was statistically significantly
related to lung cancer risk. Vegetable consumption was not associated with risk.
in a national setting, vegetable intake in men and women aged 20-59 years was
inversely related to subsequent lung cancer incidence (Chapter 5). This relationship
was strong for adenocarcinomas, whereas incidence of Kreyberg | tumors was not
statistically significantly associated with vegetable intake. After adjustment for potential
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confounders, fruit consumption was not related to lung cancer, mainly due to
adjustment for smoking.

Recommendations for fruit and vegetable intake were investigated for their
relation with subsequent risk of cancer (total, lung and non-lung epithelial cancer) in
Dutch elderly men from Zutphen (Chapter 6). Adherence to the recommended
amount of fruits and vegetables was associated with lower total cancer risk. For
vegetables, this association was not observed, whereas consuming the
recommended 200 grams of fruit per day was related with a lower cancer risk.
Variety in vegetable intake however was inversely associated with total cancer and
with non-lung epithelial cancer, while variety in fruit intake was not.

Plasma carotenoid concentrations were studied cross-sectionally for their value in
categorizing usual vegetable and fruit intakes of Dutch men and wemen aged 20-59
(Chapter 7). Plasma B-cryptoxanthin concentration best indicated fruit intake, and
plasma lutein best divided low and high vegetable consumers. However, caroctenoid
concentrations were only crude markers of intake and could not distinguish all
quartites of intake as assessed by the food frequency questionnaire used.

In Chapter 8 fruit and vegetable consumption was described for the Dutch
population 19 years and older based on the three National Food Consumption
Surveys held in 1987/88, 1992 and 1997/98. In 1997/98, the vegetable intake (g/d;
mean + SD) was 142 + 102 in men and 138 + 96 in women. For fruits, these figures
were 105 £ 122 and 122 + 121, respectively. Mean levels were below recommended
intakes. In the 10-year period between the first and third survey, the mean fruit and
vegetable consumption (excluding juices) decreased with 34 g/d (12%) in men and
23 g/d (8%) in women. Fruit and vegetable consumption was lowest and decreased
most in this period in the Dutch aged 19-35 with a low level of education. For this
group, the potential reduction in cancer incidence over a 40-year period by
increasing fruit and vegetable intake to the recommended level of 400 g/d was
estimated with a computer simulation to be 14 to 22% at maximum.

An overview of the characteristics and the main findings of the studies described
in this thesis are given in Table 1.
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General discussion

Methodological considerations

Study designs and potential bias

In observational epidemiology, the main study designs are ecological, case-
control and cohort studies. Although every design has its own strengths and
weaknesses, the power to evaluate etiological associations increases with study
design in the order as given. However, because of the observational nature results
should be interpreted in the light of the total amount of evidence available including
results from animal and mechanistic experiments.

In ecological analysis, populations are the unit of observation. Results of such

studies are of limited value in assessing diet-cancer relationships at the individual
level. A relationship observed at the population level does not necessarily imply a
similar relationship at the individual level; this is known as “ecological fallacy™.
Possibilities to adjust for potential confounders are often limited in ecological studies.
An important advantage of this study design is the large potential variation in
exposure and outcome.
In Chapter 2 and 3 we performed ecological analyses. Qur studies had advantages
compared to ecological studies mostly conducted, such as correlation studies using
per-capita-disappearance data as proxy for dietary intake and national cancer
mortality statistics. We assessed dietary intake in sub-samples of the study
population and chemically analyzed the nutrients studied. We investigated the same
population for intake and cancer mortality, and used a prospective design. Moreover,
we were able to adjust for a few potential confounders. However, our study had
some disadvantages: a small number of observations; a long period between dietary
assessment and the buying of the foods to be analyzed, one single measurement of
food consumption, although characteristic differences between the cohorts seemed
still present after 20 years®,

In case-control and cohort studies associations between diet and cancer are
investigated in individuals. In these study designs several possibilities exist to control
for potential bias both in design and analysis.

In the case-control approach, subjects are selected on the basis of the presence or
absence of the disease under study. Controls and cases should represent the same
study population, if not, results will be distorted which is called selection bias. This
type of bias is of major concern in case-control studies. Another potential threat to
the validity of results of case-control studies is information bias, also called recall
bias. This bias appears when disease status influences the information gathered
about distary intake or other lifestyle factors. lllustrative for this potential bias is the
strong inverse association observed for vegetable intake in the stomach cancer
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cases in the first year of follow-up in The Netherlands Cohort Study, but not in the
cases diagnosed in later years®. Individuals could have changed their habits
because of the disease; this is what occurred in the study of Botterweck et al.3 for
vegetable but not for fruit intake. Results may then be a consequence rather than a
cause of the disease.

In a cohort study, subjects are selected who are initially free of disease {under study)
and are followed over time. Selection bias is not thought to play a major role in
cohort studies. However, when loss to follow-up is not equally distributed over intake
and disease categories, this may lead to selection bias. Moreover, if participants of a
population-based study differ systematically from the non-participants this is also a
form of selection bias, i.e., non-response bias. That recall bias can also play a role in
cohort studies was illustrated above®, however, latency analysis, i.e., excluding the
cases in the first {few) year(s) of follow-up, is the analytic answer to most of this
potential bias.

The vast majority of literature on the inverse relations between fruit and vegetable
intake and epithelial cancers is based on case-control studies. Because selection
and information bias are thought to be mainly a problem in case-control studies,
results from cohort studies are judged superior to those from case-control studies.
Therefore, we studied consumption of fruits and vegetables in relation to epithelial
cancer risk in prospective studies. In addition to the biases mentioned, also selective
reporting of study findings and publication bias may influence the evaluation of
etiological hypotheses.

Besides observational studies, etiological hypotheses can also be tested in
intervention studies. ldeally, the effect of fruit and vegetable intake on epithslial
cancer should be studied in multiple large randomized trials in human populations.
However, such studies may be hardly feasible due to the large numbers of
individuals required and the long follow-up period necessary. Even so, because
other (dietary} factors will change over time, this approach will not automatically lead
to clear answers.

Residual confounding of smoking

Smoking is such a dominant factor in lung cancer etiology that adjustment for this
risk factor is a major issue when studying relations between fruit and vegetable
intake and lung cancer. Smoking also plays a role in the eticlogy of stomach cancer
and colorectal cancer, however to a smaller extent.
Residual confounding occurs if factors associated with both exposure and outcome
are not or insufficiently accounted for in statistical analysis. This insufficient control
may result from misclassification of the confounding factor by lack of quality or detail
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of the data. In particular if the confounding is strong, as is the case for smoking,
misclassification of the confounder can yield spurious associations™®.

Smoking is a potential confounder in our results because we observed that smokers
consumed less fruits in Chapters 4 and 5 and less vegetables in Chapter 5. In
Chapter 6 this association was nof reported, but additional analyses showed a
statistically significantly lower consumption of fruits and a nonsignificantly lower
consumption of vegetables in smokers (data not shown). Many other investigators
observed smokers consuming less fruits and vegetables®®. In addition, heavy
smokers tend to eat less fruits and vegetables than light smokers®™''. These
differences seem more pronounced for fruits than vegetables.

Adjusting for the confounding effect of smoking in statistical analyses is mostly

done by adjusting for smaking status, intensity, duration, pack-years of smoking or
by combinations of these characteristics. Adjustment for smoking status only is
considered insufficient. Particularly the number of cigarettes smoked is of
importance, but age at starting smoking, type of tobacco or cigarettes smoked and
inhalation behavior may influence risk estimates too. Moreover, rost smoking data
refer to cigarette smoking, although smoking of cigars and pipe is also related to lung
cancer risk®’. Boshuizen et al.® showed that some residual confounding may remain
when adjusting for pack-years only. She found that a mode! including former smoker,
current smaker, number of cigarettes currently smoked, duration of smoking, inhaling
and the interaction term ‘sex x number of cigarettes currently smoked' adjusted best
for smeoking in lung cancer analyses in the EPIC-study. Another approach is to
stratify analyses on smoking characteristics.
We tried to limit confounding by smoking in several ways. In Chapter 4 analyses
were restricted to baseline smokers and adjusted for number of cigareties smoked,
and in addition stratified on smoking intensity. In Chapter 5 and 6 we adjusted for
smoking status and pack-years of smoking. In Chapter 5, this adjustment had major
impact on the risk estimate for fruit intake. Due to lacking data we could however not
adjust for all relevant smoking variables in the different studies. Our results may
have also been biased by differential changes in smoking habits during follow-up.
The cbservation from another study that in Finnish cohorts the lighter smokers in
1959 quit smoking during follow-up more often than heavier smokers'* may illustrate
this. Therefore, we cannot rule out residual confounding by smoking in our data,
although we adjusted our results for smoking the best we could.

Assessment of fruit and vegetabie intake

Several methods can be used for dietary assessment, all with their own
advantages and disadvantages'®. However, regardless of the method, assessing
usual fruit and even more so usual vegetable intake in a valid way is very difficult.
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We used a food record (Chapter 2, 3 and 8), a crosscheck dietary history

{Chapter 4 and 6}, and food frequency questionnaires (FFQ) (Chapter 5, & and 7).
The dietary history and the FFQ assess usual consumption. However, the validity of
such measurement depends on the participant's memory and ability to take into
account the variability in intake, for example from day to day, or by season.
Moreover, memory might aiso be biased by the actual healih status. In contrast, food
records assess actual intake. In using them, we assumed that the actual
consumption was a good indication for the usual intake at the group level.
As described in Chapters 4-7, the reproducibility of the methods used was
reasonable but the validity was poor (for vegetables) to moderate (for fruits). Our
data on validity were in line with those found by others'®"". Thus it may be concluded
that fruits and especially vegetables assessed in observational epidemiological
studies must be sesn as only crude measures of intake, leading to the observation of
attenuated associations. Using repeated measurements of intake may improve the
measurement of usual intake because random'variation is minimized and changes in
diet are taken into account. However, more research is necessary to show whether
repeated measurements also lead to much better measures of vegetable intake.
Perhaps, the widespread choice of FFQs should be reconsidered for measuring
vegetabie intake. Especially when the aim is not only to compare persons high and
low in consumption, but also to study dose-response and adherence to distary
guidelines for the relation with epithelial cancer risk. For frequently used fruits, such
as apples, FFQs perform reascnably well, whereas assessment of less frequent or
seasonal used fruits, such as strawberries, may be less accurrate.

Because of the difficulty to assess usual fruit and predominantly vegetable intake

by dietary assessment methods, biomarkers of dietary intake would be useful tools in
studying the relation between these foods and epithelial cancer risk. A main
advantage of biomarkers is that they are objective measures'®. A disadvantage may
be the large intra-individual variances observed.
We, like others, studied plasma carotenoids as biomarkers of vegetable and fruit
intake (Chapter 7). From intervention studies it is clear that carotenoid
concentrations rise when fruit and vegetable intake is increased. However, we
showed that carotencid levels only crudely indicated usual fruit and vegetable
intakes.

Study power

Small variations in and/or missing extreme intakes in study populations may be a
limiting factor for observational studies in revealing significant relations between
epithelial cancers and fruits, vegetables and their related compounds. The
advantage of using the data of the Seven Countries Study was the wide variation in
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intakes and inclusion of high intakes too. For instance, dietary fiber intake ranged
from 21.0-57.2 g/d (Chapter 2), while the median fiber intake in the first vs. the fifth
gquintile was 9.8 vs. 24.9 g/d in the Nurses Health Study'® and 14.2 vs. 32.8 g/d in the
Physicians Health Study®.

A limited number of cancer cases can also restrict the power to study the relation
between fruit and vegetable consumption and epithelial cancer. This may be a
problem for prospective cohort studies, because large numbers of individuals need
to be included to result in a substantial number of cancer cases after follow-up. This
problem may be especially present when it is intended to study subpopulations or
histological types of cancer.

The range in intake and the number of cancer cases, and thus the power can be
increased by pooling studies or by extending the geographic area or types of study
populations. The way in which such data are appropriately analyzed, i.e., fully using
the larger variation while not comparing countries or populations, should be carefufly
considered, Perhaps, analfytical metheds should be developed for this purpose.
Because by using country or population-specific intake categories the variation in
intake in the total study population is not being used.

Etiological considerations

Results of observational studies
Fruits and vegetables and epithelial cancer

In the WCRF-report of 1997 the role of fruits and vegetables in decreasing Iung
cancer risk was judged ‘convincing’ but no quantitative risk- estimate was glven .
The conclusion drawn in the COMA-report in 1998 was 'moderately consistent
evidence’ for fruits and ‘weakly consistent evidence' for vegetables with relative risks
generally between 0.5-0.7%2. The prospective cohort studies published since that
time®*?® observed relative risks between 0.58-1.22 for fruits, 0.70-1.0 for types of
fruits®, 0.70-1.04 for vegetables, 0.2-1.1 for types of vegetables®, and 0.52-1.12 for
fruits and vegetables combined in the highest consumption category vs. the lowest.
Especially stable high fruit and vegetable intakes were related to lower lung cancer
risks®. Only the relative risks found for the Physicians’ Health Study were above 1.
The preliminary results of the EPIC-study presented recently indicated an inverse
association for fruits (RR Q4 vs. Q1 0.78, 95% Cl 0.58-1.04), but not for vegetables
although a protective effect for some vegetable subgroups was suggested®.

The judgement of the WCRF-panel was a 'convincing' decreased risk for
vegetable intake on colorectal cancer and ‘inconsistent’ for fruits®’. The COMA-report
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judged the association with vegetables as 'moderately consistent’ and ‘inconsistent’
for fruits, and mentioned for vegetable intake a range of relative risks of 0.5-0.9%,
Furthermore, combined data from the WNurses’ Health Study and Health
Professionals Follow-up Study did not reveal an association between fruit and
vegetable consumption and colon or rectal cancer’™. In Finland too no association
was seen>’. In the Netherlands Cohort Study, fruit and vegetable intake was
inversely associated with colon cancer in women (RR Q5 vs. Q1 0.66, 95% Cl 0.44-
1.01), but not in men, whereas for rectal cancer no association was seen®. In
Sweden higher consumption of fruits and vegetables was related with lower
colorectal cancer risk (RR Q4 vs. Q1 0.73, 95% Ci 0.56-0.96 ), largely due to fruit
(RR Q4 vs. Q1 0.68, 95% C! 0.52-0.89)*. Preliminary findings on colorectal cancer
in EPIC indicated an inverse association with vegetable intake in men (RR Q5 vs. Q1
0.72; 0.54 after excluding the first two years of follow-up}, nonsignificantly inverse in
women (RR Q5 vs. Q1 0.77 and 0.67, respectively), and no relation for fruit intake®.

For stomach cancer, the evidence for a protective effect of both fruits and
vegetables was considered ‘convincing’ in the WCRF-report’’, and 'moderately
consistent’ in the COMA-report®2, Recent prospective cohort studies did not yield
consistent findings: some showed an inverse association between fruit and
vegetable consumption and stomach cancer®™?, while others did not®. Preliminary
results of the EPIC-study support a protective effect of fruit intake®.

Dietary fiber and colon/colorectal cancer

The two review committees judged the role of fiber in decreasing colorectal cancer
risk as ‘possible’’ and ‘moderately consistent®, In later US prospective studies in
men® and in women'? no relationship was found between dietary fiber and risk of
colon cancer. In these studies, dietary fiber was also not related to occurrence of
coton adenomas in men>® or women'®. A lack of association between fiber intake
and colon or colorectal cancer has also been seen in other prospective cohort
studies®***. Preliminary results of EPIC show a strong independent protective
effect of fiber on the occurrence of colorectal cancer {RR Q5 vs. Q1 0.6)“.

Conclusion of results from observational studies

It seems that in recent published cohort studies the associations between fruit,
vegetable and fiber intake and epithelial cancers has been weaker than in previous,
mostly case-control, studies. Especially the most recent studies conducted in the U3
provide little evidence for a protective effect of fruit and vegetable consumption.
However, the European studies show a more mixed picture, with both inverse and
null associations. Possible explanations for this inconsistency are (lack of)
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heterogeneity in the study populations or other types of fruits and vegetables
consumed.

Resufts of intervention studies

Large-scale intervention studies of high doses of B-carotene have shown no effect
or increased risk of lung cancer*®*, An intervention trial in lung cancer patients with
vitamin A and N-acetylcysteine resulted in no benefit™. Intervention with a
combination of B-carotene, vitamin E and selenium was foflowed by lower stomach
cancer risk in a high-risk population®®. Intervention trials among patients with
adenomas of the colon and rectum revealed no evidence that fiber intake up to
around 30 g/d could prevent the recurrence of adenomas®’2,

Interventions with fruit and vegetables were conducted only in relatively small
intervention trials that studied subsequent plasma concentrations®®*°, markers of
DNA damage®™ or induction of biotransformation enzymes such as cytochrome
P450 and N-acetyltransferase 2**. Such interventions show that plasma carotenoid
and vitamin C levels generally increase, provide some indication that DNA damage
may be flowered and revealed mixed results on influencing the activity of
biotransforrmation enzyme activities. Moreover, prediagnostic blood concentrations of
carotenoids, such as B-carotene, cryptoxanthin and lutein/zeaxanthin have been
found to be lower in subsequent (lung) cancer cases compared to non-cases (for
example™).

Mechanistic studies are needed to further elucidate the association between fruit and
vegetable intake and epithelial cancer, but translating these results to the

observational level or vice versa is still difficult.

Fruits and vegetables

The wide variety in fruits and vegetables regarding botanical family,
phytochemical content, size, maturity and culinary usage hinders the search for its
etiological associations with epithelial cancer. Moreover, this problem is further
anhanced by the varied assessment methods used for measuring fruit and vegetable
intaks.
Fruits and vegetables are studied as total intake, as separate groups, in subgroups,
as separate types and as compounds from fruits and vegetables. There is however
no universal definition for fruits and vegetables. Especially for potatoes, legumes,
nuts and fruit juices practices differ for in- or exclusion. Moreover, no unique
classification is used for the definition of subgroups, aithough a good initiative for
such a classification has been taken®®. In addition, food composition data on
hypathesized chemopreventive phytochemicals are mostly not complete and/or valid
encugh, or even not available at all for assessing intake. In addition, consumption of
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fruits and vegetables is mostly lowly correlated. Whether potential cancer
preventable actions of fruits and vegetables are interchangeable is not clear.
Epidemiological studies differ in findings for fruits and vegetables or any of the
mentioned classifications. In some studies cancer protection was indicated for
specific fruit and vegetables groups, such as cruciferous” and green leafy
vegetables®, or specific types, like carrots®® and tomatoes®, or compounds, such as
lutein®®, a-carotene, lycopene and a variety of carotenoids™. However, till now, there
is not enough evidence to point at a specific part of the fruit and vegetable
consumption for cancer prevention for any site.

Variety in intake is in additional aspect of fruit and vegetable consumption. Variety
is part of the dietary guidelines for a long time®, although its value in prevention of
epithelial cancer is insufficiently known. It is thought that a combination of
compounds, provided by a variety of fruits and vegetables, may be more effective in
cancer prevention than single compounds, due to complementary or synergetic
mechanisms of action. In Chapter 6 we studied variety in fruit and vegetable intake.
We could investigate variety in addition to quantity of intake because correlation
between variety and quantity was jow due to two different measurements of fruit and
vegetable intake. Most other studies locking at variety in fruit and vegetable intake in
relation to epithelial cancer risk were case-control studies (see Chapter 6).
Moreover, the only cohort study studying variety and lung cancer risk had only one
assessment method that could be used, and subsequently experienced a relatively
high correlation between consumed amount and variety®,

Cancer types

As stated in Chapter 1, cancer is a generic name covering many etiologies.
Cancers are mostly divided based on topography, like we did in this thesis: cancers
of the Jung, stomach, and colon and rectum. However, a further classification is
possible, for example on histology such as we did in Chapter 5 by dividing Kreyberg |
and Kreyberg |l tumors. Qur findings for the association with vegetable intake
differed for these histological types. Also the pattem of (nonsignificant) associations
with individual vegetables was totally different for these tumors. Results from other
studies by histological type of lung cancer are not consistent, but differences in
etiology are indicated. Moreover, the distribution of histological types within lung
cancer is not constant, but may change over time®*® and may differ between
populations (see Chapter 5). Also for stomach cancer, trends in incidences have been
observed. In many westem countries incidence of adenocarcinomas of the gastric
cardia is increasing™, while the incidence of the intestinal type in the distal part of the
stomach has decreased dramaticallyss. Also for these forms etiology is assumed to
be different®.
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If associations with fruits and vegetables indeed differ for histological types or locations
within the affected organ, differences in study populations related to the distribution and
trends in incidences of these types may cloud the etiological picture emerging from
studies.

Shape of association

Relationships between fruit and vegetable consumption and epithelial cancers are
generally assumed to be linear. However, protective effects may level off at a certain
point, or cancer risk may be elevated only at a very low intake of fruits and
vegetables; both resulting in a nonlinear relationship. 1t is possible however that
before reaching such a critical point the relationship is indeed linear. in Chapter 4 we
tried to study the shape of the relation between fruit and vegetable intake and lung
cancer mortality. Country-specific lung cancer mortality rates in smokers were
plotted against the medians of the tertiles of fruit intake. From this figure, a log-linear
relationship among smokers was indicated. Moreover, Feskanich et al.*® showed that
lung cancer risk did not decrease in women with fruit and vegetable intakes above 5
servings a day and that risk was increased only in those consuming two or fewer
servings/day compared to 5 servings/day. Also Terry et al.*® showed the strongest
prevention of colorectal cancer and a more evident dose-response effect in those at
the lowest amounts of fruits and vegetables.

Differences in time

Weak and inconsistent associations between fruit and vegetable intake and
epithelial ¢cancers may be due to measuring consumption not in the etiologically
relevant time frame or to a difference in reference pericds in dietary assessment.
Fruits and vegetables may exert their action somewhere in the multi-stage cancer
process, howevet, it is not known when in this process their presence is critical. We
do know that in carcinogenesis several decades may elapse between start of the
disease and diagnosis. However, it is not clear what the correct period, both referring
to the baseline measurement as the years of follow-up, for studying relations
between intake and cancer should be.

Another dimension of time is the age of the population under study. The incidence
of epithelial cancer rises exponentially with age. However, whether aging processes
per se play a role in carcinogenesis is still under debate® %, In this thesis, ages from
the populations studied varied. In Chapter 5 we investigated relatively young men
and women and observed a relatively high incidence of adenocarcinomas of the lung
and less squamous cell tumors, an observation consistent with other studies®.
Besides biclogical age of the study population which may be related to changes in
molecular and physiclogical processes involved in carcinogenesis® and leading to
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an accumulation of genetic damage, also lifestyle factors such as fruit and vegetable
intake and smoking habits may depend on age. For example, young adults generalty
eat less fruits and vegetables than older pecple, but also the choice of fruits and
vegetables consumed may differ between age groups. Prevalences of smoking vary
with age, and also the type of cigarettes smoked may differ. As an example, it is
hypothesized that the rise in adenocarcinomas of the lung may be due to the increased
use of low-tar filter cigarettes and the subsequent differences in inhalation behavior®2.
Moreover, cancer is thought of as a multi-factorial disease, therefore changes in
other risk factors may lead to changes in associations between fruit and vegetable
intake and epithelial cancer.

Geographical differences

Results of epidemiological studies may also differ due to studying the relation
between diet and cancer in different parts of the world. This may lead to differences
in exposure, for example in varieties of fruits and vegetables consumed, i.e., a
relative low intake of cruciferous vegetables in the US compared to The Netherlands;
in outcome measurements, for example by differences in diagnosis, registries and
care or differences in the distribution of histological types; in other risk factors an
thus potential confounders, such as other dietary and lifestyle factors, but also
prevalences of viruses and less concrete constructs as prosperity, for example
illustrated by the geographical trend in introduction of refrigerators followed by
decreasing trends in stomach cancer which started in the US, followed by Europe
and later by Asia.
All these factors may influence the association between fruit and vegetable intake
and epithelial cancer. On the other hand, just because the inverse association
between fruit and vegetable intake and epithelial cancer is observed in populations
around the world with widely differing lifestyles, this also provides strong evidence in
favor of this hypothesis.

Other differences In study populations

As mentioned above, by different distributions of other nsk factors in study
populations, observed associations may vary. It is tried to eliminate such effects by
adjusting for these factors in statistical analyses. However, because most risk
estimates are relative risks, the measure always directly depend on the ‘baseline
risk’ in the reference group. In Chapter 4 we calculated both relative and absolute
risks. The absolute risks indicated that among smokers, fruit intake may be only
inversely associated with lung cancer mortality in those with low intake and at high
absolute risk. Another example is that higher folate intake from fruits and vegetables is
strongest inversely related to colon cancer risk among persons who regularly consume
alcohol, which itself is associated with risk of this cancer’™. Perhaps such findings
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indicate that only higher absolute risks may be lowered by fruit and vegetable
consumption.

Public health considerations

Potential cancer prevention

Some but not all associations we studied between fruit and vegetable
consumption and epithelial cancer risk were statistically significantly inverse. These
findings resemble the picture generally found in literature: most risk estimates are in
the protective direction, but not all are statistically significant. Given the difficuity of
assessing fruit and vegetable intake and all the differences between studied
populations, it can be concluded that results from observational epidemiological
studies still indicate an inverse association between fruit and vegetable intake and
epithelial cancer. However, these relations seem weaker than halving the risk as
thought in the beginning of the nineties’’. An important explanation for this
attenuation may be that the vast majority of the older literature was based on case-
control studies. However, also residual confounding by smoking, inadequate
adjustment for other potential confounders, the cheice of study populations, trends
over time of factors other than fruit and vegetable intake, variety in fruit and
vegetable intake, and publication bias may have influenced the risk estimates.
Estimating up-to-date relative risks for the relations between fruit and vegetable
consumption and epithelial cancer is risky. However, based on the available
literature relative risks of approximately 0.75 for lung cancer, 0.80 for stomach
cancer and 0.85 for colorectal cancer for the highest consumption category
compared to the lowest category could be estimated. We presume that the highest
consumption category cormesponds with the dietary guideline of consuming 400 g/d
of fruits and vegetables and the lowest category with less than 100 g/d. The
evidence seems somewhat stronger for fruit intake in lung and stomach cancer,
while colorectal cancer seems more associated with vegetable consumption.
However, because of the inconsistency in results we do not estimate relative risks for
fruits and vegetables separately.

To which cancer reduction at the population level these relative risks may lead
depends amongst others on the consumption level of fruits and vegetables and the
occurrence of these cancer types. For a risk group within the Dutch population we
estimated a maximum reduction of 14-22% in cancer incidence over 40 years when
all would adhere to the guideline for fruit an vegetable intake {Chapter B). This
calculation included also the potential reduction of cancers other than lung, stornach,
and colon and rectum, Moreover, because only 72% of the incident cancers were
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included in this computer simulation, the percentage reduction of total cancer is
expected to be lower. Because the studied population had relatively low intakes of
fruits and vegetables, the theoretically expscted cancer reduction in the general
population may be even less. In addition, the practical achievable reduction may be
even lower than that, as illustrated by the findings of the other scenarios we
simulated in Chapter 8.

Riboli and Norat estimated that an increase of the average population consumption
of fruit and vegetables up to the level corresponding to the 75™ percentile of current
consumption, may prevent 10 to 50% of the digestive tract cancers’™. Observed
population-level changes in five sk factors for colon cancer, i.e., vegetable intake,
red meat intake, alcohol consumption, physical activity levels, and weight status
were modeled for the US adult population over the years 1975-1995 to evaluate their
impact on population risk of cofon cancer’™™. Increased vegetabls intake was
expected to have reduced colon cancer incidence with 1.3-4.0% (depending of
assumptions) in 1995 relative to 1985. The theoretical optimum reduction, which
would be obtained if the entire population moved to the towest risk category, was
expected to be 32.7%. When trends in all five factors were considered together, the
estimation for the overall reduction was around zero, showing very little change from
1985 to 1995. This finding was however not consistent with the recently observed
decline in colon cancer in the US.

Dietary recommendations

Dietary recommendations have been originally formulated to meet nutrient
requirements and to prevent deficiency diseases. Nowadays prevention from chronic
diseases like different types of cancer is used as an additional rationale to promote
fruit and vegetable consumption. The Dutch recommendation has been set at 200
grams of fruits and 150-200 grams of vegetables daily for those 12 years and older.
Many countries recommend 400 grams of fruits and vegetables per day. Some
western countries have set this recommendation somewhat higher, for example
Denmark (600 g), Finland (450 g), Belgium (at least 200 g of fruits and 300 g of
vegetables), while others have not formulated dietary guidelines for these foods yet,
like Austria™, For estimating the proportion of the population adhering to the dietary
guidelines, many data on fruit and vegetable intake are not appropriate™.
Up till now, there is no evidence that fruit and vegetable intakes much higher than
400 g/d will result in even further lowering of epithelial cancer risk compared to the
recommended level. However, there is also no evidence that such higher intakes
have adverse effects.
Besides potential prevention of cancer, there are more reasons to recommend
{(higher) intakes of fruits and vegetables. The risk of other chronic diseases such as

144




General discussion

coronary heart disease’®’”’, chronic obstructive pulmonary disease™ and cataract™

may also be inversely related to fruit and vegetable intake.

Campaigns to promote consumption

In 1991 the “5 A Day for Better Health” Program was started in the US to promote
fruit and vegetable consumption®. Since the implementation of this program
Americans increased consumption of fruits and vegetables but dark green and
cruciferous vegetable intake is still low®'. Other countries followed the US initiative of
a promotion campaign, among others The Netherlands in 1995.
It seems however difficult to increase fruit and vegetable consumption in the long
run. Programs mostly achieve a rise of around half a serving per day, i.e., around 40
grams®™®, sometimes somewhat higher up to around one serving®®. In a Dutch
study it was found that increasing self-efficacy and positive attitudes towards fruit
and vegetable consumption may result in higher intakes®. In the US, number of
servings individuals think they should have during a day, liking the taste, and having
the habit of eating lots of fruits and vegetables since childhood were indicated as
important factors refated to fruit and vegetable intakes®. A major obstacle to nutrition
education is that the majority of the people believes that they already eat healthy®.
Attitudes about a heatthy diet are assumed to be more important than knowledge'.

Future research directions

One of the possibilities to overcome some of the methodological considerations
mentioned is to increase the power of the study, by increasing the size of the study
and the varation in intake fevels. Many large prospective studies are currently
underway™. The study power can also be enhanced by pooling studies or results of
studies. For the relation between nutrition and cancer this is done in The Pooling
Project coordinated by Harvard®®. Another way is to coordinate assessment of
dietary intake in several countries or populations such as be done in the multi-center
prospective cohort study European Prospective Investigation into Cancer and
Nutrition (EPIC) coordinated by the Intemational Agency for Research on Cancer
(ARCY) in Lyon, France™.

However, when assessment of fruit and vegetable intake or other potential
confounders is not valid, an increased study power will not help to further elucidate
the role of fruits and vegetables in epithelial cancer etiology. Especially measuring
vegetable intake appears extremely difficult. Therefore, full attention must be paid to
the development of methods which assess usual intake of fruits, but particularly of
vegetables, better then most FFQs generally used in prospective cohort studies.
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Probably, a combination of methods, including biomarkers of intake, is the way 1o go.
The search for proper measurement tools should also consider the question at which
points in time should intake be assessed.

In addition, to further explore the shape of the relation and to come to a dose-
response relationship between fruit and vegetable intake and epithelial cancer, if
applicable, an accurate assessment of portion sizes is needed. Unless such
information, it is impossible to make statements about whether intakes of 400-800
g/d of fruits and vegetables may further lower cancer risk, as has been done in the
WCRF-report®’. Because it is still not clear whether a possible cancer-lowering effect
of fruits and vegetables is caused by specific compounds or by the combination of
many different compounds, the role of variety in fruit and vegetable consumption
should be included in tuture research.

in cancer epidemiology, relative risks are generalily calculated as effect measures.
However, reference groups differ in every study, which interferes with the
comparability between studies. Using absolute risk estimates would enhance this
comparability, and therefore help in getting more insight in the relation between fruit
and vegetable intake and epithelial cancer.

Because of the long latency period of cancer, intermediate markers of cancer
would be extremely helpful in studying the relation between fruit and vegetable
intake and subsequent epithelial cancer. Adenomas of the colon are widely used as
intermediate marker for colon cancer. However, it is known that not afl adenomas
develop into malignant tumers, and it is thought that associations with diet differ in
development of adenomas compared to development of tumors. In studying stomach
cancer, precursor stages such as metaplasia and dysplasia are used. Also markers
of earlier stages in the carcinogenesis are used in epidemiological studies, like
markers of DNA damage such as DNA adducts in the lung. More knowledge about
such intermediate markers and their relevance to the final development of epithelial
cancer is needed.

Research efforts and knowledge into the field of genetics have grown explosively
in recent years. In cancer research, the interplay between genes such as
oncogenes, tumor suppressor genes, DNA-repair genes and genes involved in
activation and detoxification with vegetable and fruit consumption is investigated.
Some studies indicate stronger associations between epithelial cancer and fruit and
vegetable intake for certain genotypes. Although this research will certainly lead to
more mechanistic understanding, its role in improving public health is questionable
for the time being. The road to greater knowledge about measures for prevention
and therapy is stil long, and the acceptance of gene therapy by the public is
uncertain.

146




General discussion

Most important discoveries of the past two decades in cancer epidemiology relate
to the carcinogenic effects of infectious pathogens®™. Helicobacter pylori is now seen
as a major risk factor for stomach cancer. In addition, incidence of epithelial cancers
of the lung, colon and rectum is increased in immunosuppressed patients,
suggesting that unidentified viruses may also play a role in these cancers®”. Some
cancers may therefore be prevented or postponed by vaccination with tumor-specific
antigens or by less specific immunostimutation®*2, The role of enhancing immune
function in lowering epithelial cancer risk is promising and certainly needs further
investigation.

Stopping or better not starting smoking is the first way to lower epithelial cancer
risk. In addition, eating at least 400 grams of a wide variety of fruits and vegelables
daily, maintaining a normat weight, and not drinking alcohol excessively will help to
further lower epithelial cancer risk. However, it is not realistic to expect that every
person in a population will reach this optimal picture. Perhaps, the potential role of
increasing immune function in lowering the risk of epithelial cancer may become an
additional aid.
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Summary

Epidemiological studies indicated an inverse association between fruit and
vegetable intake and epithelial cancers. However, most of these studies used a
case-control design, which is prone to selection and information bias. Therefore, the
question was raised whether these observations could also be found in prospective
studies.

In this thesis, prospective studies on intake of fruits, vegetables and to a lesser
extent other plant foods and subsequent epithelial cancer risk were described. The
main research question was whether higher intakes of fruits and vegetables were
related to lower risks of epithelial cancers, mainly of lung cancer. Moreover, it was
investigated whether such inverse associations could be attributed to subgroups or
components of plant foods. Also the variety in consumption was studied for its
relation with cancer risk. Furthermore, the value of plasma carotenoid concentrations
for categorizing subjects on usual vegetable and fruit consumption was investigated.
Finally, fruit and vegstable consumption in the Dutch adult population was described,
and the potential reduction in cancer incidence by increasing fruit and vegetable
consumption was estimated for those 18-35 year of age with a low level of
education.

Intake of plant foods in the broad sense, i.e., besides fruits and vegetables also
grains and potatoes, were studied in refation to colorectal cancer mortality in 12,763
middie-aged men in the 16 cohorts of the Seven Countries Study (Chapter 2). In this
ecological study, risk ratios (RR) for 25-year colorectal cancer morality were
calculated for a change of 10% of the mean intake of plant foods and components.
Information about food intake was derived from sub-samples within cohorts using the
record method around 1960, whereas dietary components were chemically analyzed
in food composites of the average diet per cohort. Consumption of total plant foods,
fruits and vegetables were not related to colorectal cancer risk. Fiber intake was
inversely associated with colorectal cancer mortality (RR 0.89, 95% confidence
interval (Cl) 0.80-0.97); corresponding with & 33% lower risk for a 10 g/d higher fiber
intake. Intakes of vitamin B6 {RR 0.84, 95% CI 0.71-0.99) and a-tocopherol (RR
0.94, 95% Cl 0.89-0.99) were also inversely associated with risk. However, these
intakes were highly correlated with fiber intake. Fiber intake seemed to indicate that
part of plant food consumption relevant for lowering colorectal cancer risk at the
population level.



Summary

A similar ecological analysis was performed for the relation between intake of
plant foods and stomach cancer in Chapter 3. Again in the Seven Countries Study,
risk ratios were calculated for 10% of the mean intakes of total plant food and
subgroups, among these fruits and vegetables. Fruit intake was inversely associated
with stomach cancer risk (RR 0.96, 95% Cl 0.91-0.99) and refined grain intake was
positively related with risk (RR 1.07, 95% Ci 1.03-1.12). However, low intake of fruits
was strongly correlated with high refined grain consumption. The other plant food
groups showed no relation with 25-year stomach cancer monality. Afthough high
intake of refined grains may increase stomach cancer risk, such a diet may just
reflect the effect of a diet low in fruits.

Fruit and vegetable consumption was studied in relation to 25-year lung cancer
montality in a cohort of European men in Chapter 4. Around 1970, dietary intake of
Finnish, ltalian and Dutch men aged 50-868 was assessed. Baseline information was
complete for 3,108 men, among which were 1,578 smokers. Fruit consumption was
inversely associated with lung cancer mortality among smokers; adjusted relative
risks (RR) were 0.56 (95% Ci 0.37-0.84) and (.69 (95% Cl 0.46-1.02), for the
intermediate and highest tertiles of the individual cohorts, respectively. Only in the
Dutch cohort, this association was statistically significant: RRs 0.33 {95% CI 0.16-
0.70) and 0.35 (95% CI 0.16-0.74), respectively. Stratifying on cigarette smoking
intensity (non, light and heavy) revealed an inverse association in heavy smokers
only. Vegetable consumption was not related to lung cancer risk in smokers. In this
prospective analysis among European smoking men, fruit intake was inversely
related to lung cancer mortality. This association was confined to heavy cigarette
smokers.

Dutch men and wornen aged 20-59 were studied for the relation fruit and vegetable
intake and lung cancer incidence in Chapter 5. Baseline measurements were
performed between 1987-1991 and cancer incidence was determined by linkage with
cancer registries up to 1997. Complete baseline information was available for 33,796
persons of whom 140 developed lung cancer. Analyses were stratified to the
histological types Kreyberg | and Kreyberg | {adenocarcinoma) tumors. Vegetable
consumption was inversely associated with lung cancer incidence; adjusted RRs (5%
Cl) for quartiles of frequencies of intake were 1; 0.90 {0.59-1.37); 0.63 (0.39-1.03); 0.56
(0.33-0.95), respectively; p trend 0.01, This relationship was very strong for incidence
of adenocarcinomas (p trend 0.003), whereas incidence of Kreyberg | tumors was not
statistically significantly associated with vegetable intake (p trend 0.24). After
adjustment for potential confounders, fruit consumption was not related to lung cancer,
mainly due to adjustment for smoking. In conclusion, a higher vegetable intake was
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associated with a lower lung cancer risk, especially of adenocarcinomas, whereas fruit
_ consumption was not related to lung cancer in this study.

The association between cancer risk and adherence to the recornmendatien for
fruits and vegetables, addressing both the aspect of quantity and variety, was
examined in a prospective cohort study among 730 Dutch elderly men (Chapter 6).
Follow-up for 10 years resulted in 138 cancer cases. The quantity of fruits and
vegetables was assessed using a dietary history, while the variety in intake was
based on a food frequency guestionnaire. Adherence to the recommended amounts
of fruit and vegetables was inversely associated with total cancer risk: the adjusted
RR was 0.56 (95% Cl 0.31-1.00). Eating the recommended daily 200 grams of
vegetables was not related to cancer incidence, whereas eating the recommended
200 grams of fruit was associated with a 38% lower risk compared to eating less
than 100 grams. Variety in vegetable intake was inversely associated with total
cancer and with non-lung epithelial cancer: the RRs for the highest tertiles were 0.64
(95% Cl 0.43-0.95) and 0.51 (95% CI 0.27-0.97), respectively. Adherence to the
guidelines for fruit and vegetable intake was associated with lower cancer tisk in this
elderly male population. Besides quantity, also variety in intake was of importance.

Because accurate assessment of consumption of fruits and mainly of vegetables
is difficult, plasma carotenoid concentrations were examined as a tool to categorize
the usual vegetable and fruit intakes of 591 Dutch men and women aged 20-59
years in Chapter 7. Vegetable, fruit and juice consumption was assessed by a food
frequency questionnaire (FFQ). In this sample of the general Dutch population, plasma
B-cryptoxanthin was the best indicator for fruit intake. Because the variation in fruit
intake contributed most to the variation in the total intake of vegetables, fruits and
juices, B-cryptoxanthin also best indicated this total intake. Lutein best divided low
and high vegetable consumers. Concentrations of carotenoids, individual or in
combinations, could however not differ between all different quartiles of intake as
assessed by the FFQ. Therefore, it was concluded that plasma carotenoid
concentrations are only crude indicators of vegetable and fruit intake.

Fruit and vegetable consumption and the changes in this consumption during the
period 1987/88-1997/98 were described for the Dutch population 19 years and older
based on the National Food Consumption Surveys {Chapter 8). In 1997/98, the
vegetable intake (g/d; mean + SD) was 142 + 102 in men and 138 = 96 in women.
For fruits, these figures were 105 + 122 and 122 x 121, respectively. Mean levels
were below recommended intakes. In the 10-year period, the mean fruit plus
vegetable consumption {excluding juices) decreased with 34 g/d (12%) in men and
23 g/d (8%) in women. Fruit and vegetable consumption was lowest and decreased
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most in this period in the Dutch aged 19-35 with a low level of education. Given the
evidence from observational studies, we estimated for this group the potential
preventable cancer incidence over a 40-year pericd by increasing the fruit and
vegetable intake accerding to several scenarios using a computer simulation model,
The maximum theoretically reduction in cancer incidence, that is when all would
consume the recommended 400 g/d, was estimated to be 14 to 22%.

In Chapter 9, results described in this thesis were summarized and methodological,

etiological and public health issues were discussed. When studying the relationship
between fruit and vegetable intake and epithelial cancer risk in prospective
observational studies, valid assessment of fruit and mainly of vegetable intake, residual
confounding by smoking, and experiencing enough power (regarding range of intake
and number of cancer cases) to study the relation are major methodological concems,
Associations observed in recent cohont studies between fruit and vegetable intake and
cancers of the lung, stomach and colon/rectum were weaker compared to earlier risk
estimates. Part of this difference may be due to the fact that the majority of the earlier
studies used a case-control design. In addition, differences in studied tnits and
vegetables, in cancer types including histological types, over time, between
geographical areas or cther differences in populations studied may have clouded the
picture. Taken all evidence together, an inverse association between fruit and
vegetable intake and cancers of the lung, stomach and colon/rectum is still indicated.
Based on the total evidence, we estimated the relative risks for these associations at
approximately 0.75, 0.80 and 0.85, respectively, for consuming at least 400 grams of
fruits and vegetables daily compared to less than 100 g/d. There is not enough
evidence to point at specific fruits and vegetables or components of them as
responsible actors.
Future observational studies need enough power fo further investigate these
associations and to refine risk estimates. They should pay attention to the shape of the
association and explore the use of absolute risk estimates. Such studies need more
valid measurements of usual fruit and vegetable intake, presumably by combining
questionnaires and biological markers, and intermediate markers of cancer.
Mechanistic studies, including the role of genes, should be continued to improve
understanding of the carcinogenesis and how fruits and vegetable may interact in this
process. Moreover, the role of viruses in the cancer process deserves more attention
and improving immune function may be an aid in addition to lifestyle changes to reduce
or postpone the risk of epithelial cancer.
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Samenvatting

Epidemiologische studies hebben een inverse relatie tussen groente- en
fruitconsumptie en epitheliale tumoren laten zien. Het ging hierbij voomamelijk om
patiént-controle onderzoeken, waarvan de resultaten kunnen zijn vertekend door
selectie- en informatiebias. Het is de vraag of deze bevindingen te reproduceren zijn
in prospectieve studies.

In dit proefschrift zijn prospectieve onderzoeken naar de relaties tussen
consumptie van groente, fruit en in mindere mate andere piantaardige
voedingsmiddelen en het risico op epitheliale tumoren beschreven. De voomaamste
onderzoeksvraag hierbij was of een hogere inneming van groente en fruit
getelateerd was met een lager risico op epitheliale tumoren, met name longkanker.
Vervolgens werd onderzocht of zulke inverse associaties toegeschreven konden
worden aan subgroepen van of componenten in plantaardige voedingsmiddelen.
Ook de variatie in groente- en fruitconsumptie is bestudeerd in relatie tot het risico
op kanker. Daamaast is onderzocht of concentraties van carotenciden in plasma
kunnen worden gebruikt om personen in te delen naar hun gebruikelijke groente- en
fruitconsumptie. De consumptie van groente en fruit in Nederland is beschreven voor
volwassenen. Voor personen van 18 tot 35 jaar met een laag opleidingsniveau is
tenslotte een schatting gemaakt van de potentiéle reductie in kankerincidentie door
het verhogen van de groente- en fruitconsumptie.

Consumptie van plantaardige voedingsmiddelen werd bestudeerd in relatie tot
sterfte aan colorectaatkanker met gegevens van 12.763 mannen van middelbare
leeftijd verdeeld over de 16 cohorten van de Zeven Landen Studie {hoofdstuk 2). In
deze ecologische studie werden relatisve risico’s (RR) voor de 25-jaars sterfte aan
colorectaalkanker berekend voor een verschil van 10% in de gemiddelde inneming
van plantaardige voedingsmiddelen en -stoffen. Met behulp van de
opschriffmethode werden rond 1960 voedselconsumptiegegevens verzameld bij
subgroepen van deze cohorten. Informatie over de inneming van voedingsstoffen
was bepaald door chemische analyses van voedingsmiddelen. Consumptie van het
totaal aan plantaardige voedingsmiddelen, groente en fruit was niet gerelateerd aan
het risico op colorectaalkanker. De inneming wvan voedingsvezel was invers
geassocieerd met de sterfte aan colorectaalkanker {(RR 0,89, 95%
betrouwbaarheidsinterval (BI) 0,80-0,97); dit komt overeen met een 33% lager risico
wanneer de vezelinneming met 10 g/d toeneemt. Inneming van vitamine B6 (RR
0,84, 95% BI 0,71-0,99) en a-tocopherol {RR 0,94, 95% Bl 0,89-0,99) waren ook
invers geassocieerd met! het risico op colorectaalkanker. Deze innemingen waren
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echter sterk gecorreleerd met de inneming van voedingsvezel. De inneming van
voedingsvezel bleek de beste indicator voor dat deel van de plantaardige voeding
dat relevant was voor het verlagen van het risico op colorectaalkanker op
populatieniveau.

Een vergelijkbare ecologische analyse is uitgevoerd naar de relatie tussen de
consumptie van plantaardige voedingsmiddelen en maagkanker in hoofdstuk 3.
Hiervoor werden opnieuw de Zeven Landen Studie gebruikt en relatieve risico’s
berekend voor een verschil van 10% in de gemiddelde inneming. Fruitconsumptie
was invers geassocieerd met het risico op maagkanker {RR 0,96, 5% Bl 0,91-0,99),
terwijl consumptie van geraffineerde graanproducten een positieve relatie liet zien
met het risico (RR 1,07, 95% Bl 1,03-1,12). Een lage consumptie van fruit hing
echter sterk samen met een hoge consumptie van geraffineerde graanproducten. De
overige groepen van plantaardige voedingsmiddelen waren niet gerelateerd aan het
25-jaars risico op sterfte aan maagkanker. Hoewel een hoge consumptie aan
geraffineerde graanproducten het maagkankerrisico leek te verhogen, kan deze
bevinding ook een atspiegeling zijn van een voeding met weinig fruit.

In hoofdstuk 4 werd de groente- en fruitconsumptie in relatie tot het 25-jaars risico
op longkankersterfte bestudeerd in een cohort Europese mannen. Rond 1970 werd
de voedselconsumptie van Finse, Maliaanse en Nederlandse mannen van 50-69 jaar
gemeten. Complete informatié was beschikbaar voor 3.108 mannen, van wie er
1.578 rookten aan het begin van de studie. Onder rokers was consumptie van fruit
invers geassocieerd met longkankersterfte: gecorrigesrde relatieve risico's (RR)
waren (0,56 (95% Bl 0,37-0,84) en 0,69 (95% Bl 0,46-1,02) voor respectievelijk het
middelste en hoogste tertiel van inneming. Deze associatie was alleen statistisch
significant in het Nederlandse cohort: RRs 0,33 (95% Bl 0,16-0,70) en 0,35 (95% BI
0,16-0,74), respectievelijk. Analyses opgesplitst naar de intensiteit wvan
sigarettenraken (nist, licht en zwaar) lieten alleen een inverse associatie voor zware
rokers zien. Groenteconsumptie was niet gerelateerd aan het longkankertisico bij
rokers. In deze prospectieve analyse bij Europese rokende mannen was de
consumptie van fruit invers gerelateerd met longkankersterfte. Deze associatie was
beperkt tot zware sigarettenrokers,

in heofdstuk 5 werd de relatie tussen groente- en fruitconsumplie en
longkankerincidentie bestudeerd bij Nederlandse mannen en vrouwen van 20-59 jaar.
De metingen aan het begin van het onderzoek werden verricht tussen 1987-1991 en
informatie over de kankerincidentie werd verkregen door koppeling met
kankerregistraties tot aan 1997. Complete informatie was beschikbaar voor 33.796
personen van wie er 140 longkanker kregen tijdens follow-up. Analyses werden
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opgesplitst naar de histologische Kreyberg | en Kreyberg Il (adenocarcinomeny)-
tumontypen. Groenteconsumptie was invers geassocieerd met longkankerincidentie:
gecorrigeerde relatisve risico’s (95% BI) voor kwartielen van de consumptiefrequentie
waren respectievelijk 1; 0,90 (0,59-1,37); 0,63 (0,39-1,03); 0,56 (0,33-0,95); p trend
0,01. Dit verband was sterk voor de incidentie van adenocarcinomen {(p trend 0,003),
terwijl de incidentie van Kreyberg I-tumoren niet statistisch significant geassocieerd
was met groenteconsumptie (o trend 0,24). Na correctie voor potentiéle verstorende
variabelen bleek fruitconsumptie niet gerelateerd te zin aan longkanker, vooral
tengevolge van de correctie voor rookgedrag. Concluderend kan gesteld worden dat
een hogere groenteconsumptie geassocieerd was met een lager longkankemisico,
vooral van adenocarcinomen, terwijl fruitconsumptie geen relatie met longkanker liet
zien.

Het verband tussen kankerrisico en het voldoen aan de aanbevelingen voor de
consumptie van groente en fruit, zowel gericht op de hoeveeiheid als de variatie,
werd onderzocht in een prospectief cohortonderzoek bij 730 oudere Nederlandse
mannen {hoofdstuk 8). Na 10 jaar bleken 138 van deze mannen kanker te hebben
ontwikkeld. De geconsumeerde hoeveelheid groente en fruit werd gemeten met
behulp van een dietary history, terwijl de variatie in consumptie werd vastgesteld met
een voedselfrequentievragenlijst. Het voldoen aan de richtlijn voor de hoeveelheid
groente en fruit was invers geassocieerd met het risico op kanker: het gecorrigeerde
relatieve risico bedroeg 0,56 {95% BI 0,31-1,00). Het consumeren van de
aanbevolen 200 gram groente per dag was niet gerelateerd met kankerincidentie,
terwijl consumptie van de aanbevolen 200 gram fruit per dag samenhing met een
38% lager risico vergeleken met een consumptie van 100 gram per dag. Variatie in
groenteconsumplie was wel invers geassocieerd met totaal kanker en met andere
epitheliale tumoren dan longkanker: de relatieve risico’s voor de hoogste tertielen
van inneming waren respectievelijk 0,64 (95% Bl (,43-0,95) en 0,51 (95% Bl 0,27-
0,97). Het gebruik van groente en fruit volgens de aanbevelingen was geassocieerd
met een lager risico op kanker in deze populatie van oudere mannen. Naast
hoeveelheid speelde ook de variatie in consumptie een rol.

Omdat het moeiiijk is om de consumptie van fruit, maar met name van groente
valide te meten, is onderzocht of concentraties van carotenoiden in plasma gebruikt
konden worden om 591 Nederlandse mannen en vrouwen van 20-59 jaar in te delen
naar hun gebruikelijke groente- en fruitconsumptie (hoofdstuk 7). De consumptie van
groente, fruit en sappen werd gemeten met een voedselfrequentievragenliist. In deze
steekproef uit de Nederlandse bevolking bleek plasma B-¢ryptoxanthin de beste
indicator voor fruitconsumptie te zijn. Omdat de variatie in fruitconsumptie het meest
bijdroeg aan de variatie in de totale consumptie van groente, fruit en sappen, was
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plasma B-cryptoxanthin ook de beste marker voor deze totale consumptie. Luteine
was het best in staat personen met een lage en een hoge groenteconsurnptie te
onderscheiden. Carotenoidenconcentraties, zowel individueel als in combinaties,
konden niet worden gebruikt om de verschillende consumptiekwartislen zoals
gemeten met de voedselfrequentievragenlijst te onderscheiden. De conclusie is
daarom dat plasma carotenciden slechts globale indicatoren van groente- en
fruitconsumptie zijn.

In hoofdstuk 8 zijn op grond van de voedselconsumptiepeilingen de groente- en
fruitconsumptie en de veranderingen daarin gedurende de periode 1987/88-1997/98
beschreven voor de Nederlandse bevolking van 19 jaar en ouder. In 18997/98
bedroeg de groenteconsumptie (gemiddeide + SD) van mannen 142 + 102 g/dag en
van vrouwen 138 + 96 g/dag. Voor fruitconsumptie waren deze cijffers respectievelijk
105 = 122 en 122 + 121. Deze gemiddelde niveaus lagen onder de aanbevolen
hoeveelheden. In de pericde van 10 jaar nam de gemiddelde groente- en
fruitconsumptie (exclusief sappen) af met 34 gfdag (12%) bij mannen en 23 g/dag
(8%) bij vrouwen. Groente- en fruitconsumptie was het laagst en nam in deze
peticde het meest af bij Nederlanders van 19 tot 35 jaar met een laag
opleidingsniveau, Op basis van resultaten van observationele studies hebben we
voor deze groep een schatting gemaakt, gebruikmakend van een computersimulatie,
van de kankerincidentie die potenties] te voorkemen is gedurende 40 jaar door het
verhogen van de groente- en fruitconsumptie volgens een aantal scenario’s. De
maximale theoretische reductie in kankerincidentie, dat wil zeggen wanneer
igdereen de aanbevolen hoeveelheid van 400 g/dag zou consumeren, werd geschat
op 14 tot 22%.

In hoofdstuk 9 zin de resultaten van dit proefschift samengevat en
methodologische, etiologische en public health aandachtspunten bediscussieerd. Bij
het bestuderen van de relatie tussen groente- en fruitconsumptie en epitheliale
tumoren zijn valide metingen van de consumptie van fruit maar met name van groente,
residuele confounding door roken en voldoende power om de relatie te bestuderen
{betreffende de range van consumptie en het aantal kankergevallen) belangrijke
methodologische aandachtspunten. De associaties die gevonden zin in recente
cohortstudies voor de relatie tussen groente- en fruitconsumptie en kanker van de long,
maag en colon/rectum, waren zwakker in vergeliking met eerdere nisicoschattingen.,
Een deel van dit verschil kan mogelijk worden verklaard doordat de meerderheid van
de eerdere onderzoeken patiént-controle studies waren. Daamaast kunnen ook
verschiflen in de bestudeerde soorten groente en fruit, in de scorten kanker inclusief
histologische typen, in de tiid, tussen geografische gebieden en andere verschillen
tussen onderzochte populaties het beeld hebben vertroebeld. De totale beschikbare
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informatie duidt echter nog steeds op een inverse relatie tussen groente- en
fruitconsumptie en kanker van de long, maag en colon/rectum. Op basis van tot nu toe
beschikbare gegevens zijn relatieve risico's voor deze associaties geschat op
respectievelijk ongeveer 0,75, 0,80 en 0,85 voor het consumeren van tenminste 400
g/dag groente en fruit vergeleken met een consumptie van minder dan 100 g/dag. Er is
echter onvoldoende bewijs om specifieke groente- en fruitsoorien of stoffen daarin
verantwoordelijk te stelien voor deze bescheming.

Toekomstige observationele studies dienen voldoende power te hebben om deze
associaties verder te onderzoeken en de risicoschattingen te verfijnen. Deze
onderzoeken zouden aandacht moeten besteden aan de vraag of het verband
tussen groente- en fruitconsumptie en kankerrisico lineair, log-lineair of anders van
vorm is. Tevens zouden zij het gebruik van absolute risicoschattingen moeten
exploreren. Zulke studies hebben valide metingen van de gebruikelijke groente- en
fruitconsumptie nodig, waarschijnlijk te bereiken door een combinatie van het
gebruik van vragenlijsten en biologische merkers voor de inneming wvan
voedingsstoffen, en intermediare merkers voor kanker. Mechanistische studies,
inclusief de rot van genetische gevoeligheid, zouden moeten worden uitgevoerd om
het inzicht in de carcinogenese en hoe groente en fruit in dit proces kunnen
ingrijpen, te vergroten, Verder verdient de rol van virussen in het kankerproces meer
aandacht en zou het verbeteren van de immuunfunctie bestudeerd dienen te worden
als mogelijke manier om naast veranderingen in voeding en leefstijl het risico op
epitheliale tumoren te verminderen of het optreden hiervan uit te stellen.
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Promoveren mag dan soms een eenzaam gebeuren lijken, allerlei mensen
hebben op één of andere manier bijgedragen aan de tolstandkoming van dit boekje.
Graag dank ik een ieder hartelijk hiervoor! Een aantal personen verdient op deze
plaats een persoonlijke noot.

Beginnend met begeleiders. Daan, jouw enthousiasme voor onderzoek is
geweldig om te ervaren. Hoe vaak ik niet van je heb gehoord dat iets ‘fascinerend’ is,
is niet te tellen. Het ontrafelen van ‘het geheim van Kreta' is volledig aan je
toevertrouwd. Ik heb bewondering voor het feit dat je in je drukke functie deze
tascinatie vasthoudt en de tijd vindt orn manuscripten zo snel en grondig van
commentaar te voorzien, Met name in de laatste fase, toen jij je sabbatical leave
had, heb je geweldig meegewerkt aan de afronding van mijn proefschrift. Hiervoor
dank! Frans, als tweede promotor had je misschien wat meer afstand tot het
sigenlijke werk. Onze samenwerking gaat echter al langer terug. Zo rond mijn
afstuderen kwam ik bij jeé binnenlopen en mocht blijven. Toen is het begonnen, met
de groente en fruit! De mate waarin je mensen kunt motiveren heb ik altijd erg
gewaardeerd. Daarnaast heb je tijdens mijn promotie-onderzoek op cruciale
momenten de rol van intermediair geweldig vervuld, waarvoor dank. En tenslotte
Bas, mijn co-promotor. Nauwgezet worstelde je je door mijn manuscripten en kwam
met de meest mooie engelse frasen op de proppen. Door je integere houding
werden alle facetten zorgvuldig gewogen. Dank je voor je inzet en voor je
persoonlijke belangstelling.

Graag wil ik de deelnemers aan de onderzoeken waarvan ik de gegevens heb
kunnen gebruiken bedanken. Slechts enkelen van hen {in Zutphen en Velika Krsna)
heb ik in levenden lijve mogen ontmoeten; maar zonder jullie geen onderzoek! Ook
de co-auteurs van de verschillende hoofdstukken, mijn hartelijke dank voor de
bijdragen. Met name Marga, jouw kundigheid was een grote hulp! Hier cok een
plaatsje voor Maria van Hemer-Janssen. Het was afzien met die rietjes uit de -
196°C, maar het is toch maar mooi allemaal gelukt! Laurence Frank en Annemieke
van der Waal, om jullie als studenten begeleid te hebben was gezellig en ik dank
jullie hartelijk voor het werk dat juliie hebben verzet.

Tal van mensen boden ondersteuning door middel van hun secretariéle,
automatiserings- dan wel statistische werkzaamheden. De goede zorgen van Eis en
Anke in Bilthoven, en van Marie (‘'die andere mevrouw Janser') in Wageningen
zorgden voor de juiste afstemming tussen de agenda's van al ‘die heren’. Hans, Jan
en Ruud in Bilthoven, en Dirk en Ben in Wageningen waren de ‘computermannen’



Dankwoord

die onontbeerlifk zijn voor epidemiologisch onderzoek. Qok Nico, Hendriek en Cor
waren broodnodig voor het aanpakken van statistische dan wel SAS-problemen.
Bedankt allemaal voor jullie hulp maar vooral voor de prettige samenwerking!

En dan natuurlik al mijn (andere} collega’s! Ik zou niet zonder kunnen! Met zo’n
samenwerkingsproject en het reeds beginnen met een nisuwe baan heb ik ze in
ruime aantallen (gehad). Alle (oud-)coliega’s, bedankt voor jullie gezelligheid en
belangstelling. Die borrels, etentjes, feesties en trips maakten van de promotie-tijd
een hele gezellige tijd! De RIVM-collega’s speeiden hierin wel de grootste rol, en dan
met name Claudia, Angelika, Saskia, Tormmy, Peggy, Ina, Jantine, Jeanne, Susan,
Hja, Jolanda, Caroline, Sandra, Rob, Edith en Marianne. We moeten in de toekomst
regelmatig wat afspreken hoor! En dan wit ik graag Claudia en Angelika nogmaals
noemen. Bedankt dat jullie zulke geweldige kamergenoten waren! Julfie brachten
gezelligheid en vrolijkheid maar ook zeker hulp en steun als dat nodig was. Ik vind
het heel fijn dat jullie mij als paranimfen willen bijstaan.

Ook {(oud-)collega’s uit Wageningen wil ik bedanken voor hun gezelligheid en
belangstelling, vooral tijdens mijn verblijf in John Snow die later ‘dagjes Wageningen'
werden. Hierbij wil ik met name Annemien, Marijke, Edine, Liesbeth, Juul, Marie-
Frangoise, Judith, Mariska, Ingeborg, Dorien, Frouwkje, Esther, Petra, Louise en
Hélene noemen. Nynke, jou zet ik even apart. Je bent namelijk meer dan een oud-
collega! {k vind het erg leuk dat het er naar uitziet dat jij mijn promotie toch mee gaat
maken en dat jullie in de buurt komen wonen!

En dan natuurlijk de ‘nieuwe’ collega’s bij TNO Voeding. Jullie belangstellende en
motiverende opmerkingen heb ik zeer gewaardeerd. Twee personsn wil ik graag in
het bijzonder noemen. Karin, lieve en zorgzame kamergenoot, en Sandra, het
enthousiasme waarmee je me coacht is geweldig en werkt aanstekelijk!

Bedankt lieve familie en vrienden. Eigenlijk vond ik en promotie ‘gewoon werk’;

niet iets waar je als familie en vrienden nou zo’n grote rol in hebt. Maar ondertussen
habben jullie mij met je belangstelling en gezelligheid toch elke keer weer energie
gegeven om vol goede moed verder te gaan.
Koos, mijn proefschrift wil ik graag aan jou opdragen. Jouw sterke doch lieve
persoonlijkheid is een voorbeeld voor velen, De kans dat je jouw plannen voor een
proefschrift verwezenlijkt lijken klein, daarom wil ik je graag betrekken in het mijne.
Ook Carla, mijn moeder, wil ik hier graag bedanken voor haar zorg en belangstelling.
En nu jij lieve Mark, al vind je dat promoveren maar een poppenkast. Ik kan geen
dankwoord schrijven zonder jou te noemen. Jij grote relativerende factor met je
‘wigderholungs-grappen’. Ik heb er wel zin in om met jou een lekkere stek te maken
van ons nieuwe huis! En reisplannen hebben we nog genceg! Een dikke zoen voor
jou om je te bedanken voor wie je voor me bent.
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