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Abstract
Epidemiological studies on the relation between diet and COPD
Ph.D. thesis. Nat. Inst, of Public Health and the Environment in Bilthoven, Environmental
and Occupational Health Group of the Univ. Utrecht (address till mid 2000: Wageningen
Univ.) andthe Netherlands Inst, of Health Sciences, Rotterdam,the Netherlands.
Cora Tabak

Chronic Obstructive Pulmonary Disease (COPD) is an important cause of morbidity and
mortality around the world. In the early 1990's several dietary factors were suggested to
protect against COPD, based on proposed biological mechanisms and a small number of
epidemiological studies. Antioxidants (e.g. vitamin C and E, fi-carotene, flavonoids) and
foods rich in antioxidants (e.g. fruits, vegetables, whole grains) may protect the airways
against oxidant-mediated damage. Alcohol and n-3 fatty acids (mainly present in fish) are
thought to have anti-inflammatory effects.
To gain more insight into the relation between diet and COPD, we analysed data from
two large-scale population-based epidemiological studies. Data from the Seven Countries
Study (1960-1990) allowed us to study the relation longitudinally in an international setting.
However, less sophisticated methods than available today were used to examine mainly
ever-smoking middle-aged and older men. In the cross-sectional MORGEN-study (19931997), Dutch men and women (20-59 yr.) with a large variation in smoking habits were
examined using modern, high-quality methods. All associations were adjusted for age,
height (for pulmonary function only), gender, smoking, body mass index and total energy
intake.
In the 16 cohorts of the Seven Countries Study, we observed an inverse ecological
association of 25-yr COPD mortality with baseline fruit and fish consumption. At the
individual level, not energy-adjusted baseline fruit and vitamin E intake were inversely
associated with 20-yr COPD mortality in men from three European countries. Alcohol
consumption showed a U-shaped curve with 20-yr COPD mortality, with the lowest rate in
light drinkers (>1.4,<30g/day). This U-shaped curvewas supported bycross-sectional data
on alcohol and pulmonary function. In allthree countries, menwith intake of both fruits and
vegetables above the median had a higher pulmonary function (FEVi or FEV0.75)than those
with a low intake of both foods. Finally, bread intake was positively associated with
pulmonary function inthethree countries.
In participants of the MORGEN-study, intake of catechins, flavonols and flavones was
positively associated with the FEN^ and inversely associated with the prevalence of chronic
cough and breathlessness. Catechin intake, not derived from tea, was independently
associated with both the FEVi and all studied COPD symptoms. Flavonol and flavone
intake, however, was independently associated with chronic cough only. At the food group
level, solidfruit (=apples, pears), but nottea, intake was beneficially associated withCOPD.
Furthermore, we observed independent beneficial associations of a favourable intake of
fruits and whole grains (above the median) and alcohol (1-30 g/day) with COPD. The 2578
subjects with afavourable intake of all three foods had a 139 ml higher FEV, and a lower
prevalence ofCOPDsymptoms (OR =0.44) comparedto thosewith unfavourable intakes of
thethreefoods. Thiswas alsoobserved inneversmokers.
The studies described inthis thesis mainly suggest a protective effect of a high intake of
fruits andwhole grains and of light alcohol consumption (upto 3drinks/day) against COPD.
Causality of the observed relations is supported by an apparently temporal relation and by
plausible biological mechanisms. Smoking did not seem to explain our findings.
Confounding by other health related lifestyle factors can, however, not be excluded. The
observed effect of dietary factors was estimated to reduce COPD with 10 to 30% at the
population leveland is,ifcausal,certainly of public healthrelevance.
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GeneralIntroduction

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is an important cause of
morbidity and mortality around the world. COPD rates may decrease inthe coming
decades due to a decreasing prevalence of smoking since the 1960's. However, at
the moment rates arestill rising,especially inwomen and very old men. Inthe early
1990's several dietary factors were suggested to be related to COPD, based on
proposed biological mechanisms of action and a small number of epidemiological
studies.The PhD-project described inthisthesis,was designed to gain more insight
in the potential protective effect of diet on COPD. Inthe general introduction first a
description will be given of COPD (definition, pathogenesis, risk factors, diagnosis
and occurrence) and of the biological mechanisms for the proposed effects of
dietaryfactors.Secondly anoutlineofthethesiswillbegiven.

COPD
Definition
COPD is a disease state characterised by chronic airway obstruction. Three
disorders incorporated and often co-existing in COPD are: chronic bronchitis, small
airways disease (also called chronic bronchiolitis) and emphysema.1 Chronic
bronchitis is characterised by chronic or recurrent hypersecretion of mucus in the
large airways2 caused by enlargement of subepithelial glands and leading to
symptoms ofchronic productive cough.1Chronic bronchitis,thusdefined,contributes
little to airway obstruction. Small airways disease is mainly characterised by
inflammatory processes leading to obstruction of peripheral airways with adiameter
smaller than 2 to 3 mm.1,3 Finally, emphysema is defined as permanent abnormal
enlargement of airspaces distal to terminal bronchioles (also called parenchym
destruction), with destruction of their walls and without obvious fibrosis.4 There are
indications that small airways disease is involved in the development of
centrolobular emphysema, one of the main subtypes of emphysema.5 Both small
airways disease and emphysema cause chronic airway obstruction that is slowly
progressive andlargely irreversible.
Pathogenesis
The pathogenesis of COPD is complex. A large number of cells (macrophages,
lymphocytes, platelets,mastcells, neutrophils,eosinophils,fibroblasts, epithelialand
endothelial cells) andtheir secretions are involved,Although insight intothe different
pathological processes leading to COPD increases rapidly, much is still unclear.
Inflammation of the peripheral airways, mainly initiated by inhaled oxidants and free
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radicals, isone ofthe main processes. During inflammation, inflammatory cells(e.g.
macrophages, neutrophils, mast cells) become activated and produce reactive
oxygen species and inflammatory mediators, such as histamine, prostaglandins and
leukotrienes.6 Many inflammatory mediators have chemotactic activity causing the
influx of more inflammatory cells into the lungs.6As will be discussed later, several
dietary factors are thought to protect against oxidant-mediated damage and/or to
reduceairway inflammation.
Riskfactors
Patients with COPD usually have smoked cigarettes for 20 years or more.7
Cigarette smoke contains many oxidants and free radicals that can cause direct
damage to the pulmonary tissue. Indirectly, cigarette smoking may leadto oxidative
damage through reactive oxygen species generated by accumulated and activated
inflammatory cells.8 Besides smoking, occupational exposure and ai-antitrypsin
deficiency are known risk factors for COPD.9A potential protective effect on COPD
hasbeensuggestedfora highintakeofdietary antioxidants,fishfatty acidsand light
alcoholconsumption (seefurther).
Diagnosis
COPD isoften diagnosed late inthe courseofthedisease. Patients seek medical
attentionwhenthey starttoexperience breathing difficulties. Bythattime moderateto-severe airflow limitation can often be observed.9 To diagnose and assess the
severity of COPD, measurement of the Forced Expiratory Volume in one second
(FEVi) by spirometry is recommended.7 Chest radiography can be diagnostic of
severeemphysema and isrecommended inorderto ruleoutotherdiseases.7
Occurrence
COPD rates vary strongly between countries.9 Data from the WHO10 regarding
mortality from asthma and COPD in 1994/1995 in men and women aged 65-74
years show that rates were lowest in Greece, Canada, France and Spain (< 50 per
100.000) and highest in Russia and Hungary and Poland (>200 per 100.000), with
the Netherlands, the US and the UK taking intermediate positions. In all countries,
the rates were higher in men than in women. The contribution of asthma to the
mortality ratesislikelytobelowinthisage-range.
Current COPD mortality and morbidity rates area reflection of smoking behaviour
20 to 40 years ago.11 Since the 1960's COPD rates are rising throughout theworld,
due to the fact that many men and women started smoking during and after World
War II. Since the 1960's the prevalence of smoking has decreased. However, the
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decreasewassmaller inwomen than inmen and no change wasobserved inthose
over65.As aconsequence, an increase inCOPD mortality rates is mainly observed
inwomen and invery old men,while insomecountries the ratesseemto leveloff or
evendecreaseamongyounger men.11"14
In the Netherlands, in 1994, diseases of the respiratory system were the third
largest cause of death (8%). In both men and women, COPD mortality increased
between 1979 and 1994. Standardised to the total Dutch population, the COPD
mortality rate increased in this period from ± 1 3 to ± 24 per 100.000 per year in
women. In men the rate increased from ± 42 per 100.000 in 1979 to ± 59 per
100.000in 1989,afterwhichtheCOPDmortalitylevelledoff.15

Table 1:

Prevalence(per 1000)ofreducedpulmonaryfunctionandselectedCOPD
symptomsintheNetherlands(Source:ELON, 1996)16

30-39
Reduced FEV, (<70%of predicted)
men
women
Chronic coughwhengetting up
men
women
Chronic phlegmwhengetting up
men
women
Breathlessness whenwalking atownpace
men
women

prevalence per1000
age (years)
40-49
50-59

60-69

12
4

18
14

48
19

110
42

89
92

110
130

140
130

160
120

85
29

110
95

130
140

170
92

17
19

22
52

20
50

65
40

The prevalence ofpulmonaryfunction clearly below reference levels (FEN^ <70%
of predicted) inthe Netherlands in 1996 increased with age and was higher in men
than inwomen.The prevalence ofCOPDsymptomswas similar inmenandwomen,
but increasedwithageinmenandnotinwomen(table 1).

Biological mechanismsfortheproposedeffects ofdietaryfactors
Antioxidants
In the lungs several intracellular and extracellular antioxidant defence
mechanisms protect the tissues against oxidant-mediated damage. Free radical
scavenging systems either eliminate oxidants or prevent their conversion into more
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toxic species. Dietary factors involved in these systems are the antioxidant (pro)vitamins vitamin E, B-carotene and vitamin C and cofactors of antioxidant enzyme
systems, such as selenium.17 Vitamin E or a-tocopherol (a-TH) is a lipid soluble
antioxidant that occurs in membranes and lipoproteins. It terminates the chain
reaction of lipid peroxidation by scavenging oxygen radicals and intermediate
peroxylradicals ( R 0 2 ) :
a-TH +R02-

—>

R02H +a-T-

The a-tocopherol radical (a-T) is much less reactive in oxidising polyunsaturated
fatty acids18,19 and can be converted back to a-tocopherol by vitamin C.20,21 The
main dietary sources of vitamin Eare vegetable oils, seeds, nuts,whole grains and
wheatgerm.22
Pcarotene, the main carotenoid with provitamin A activity, is also present in tissue
membranes.17 It acts as a scavenger of singlet oxygen and reacts with peroxyl
radicals to inhibit lipid peroxidation, possibly in synergistic interaction with vitamin
E.23 The green outer layers of vegetables are good sources of B-carotenejust as
yellowand redfruits andvegetables.24
Vitamin C or ascorbic acid is water-soluble and widely available in both
extracellular and intracellular fluids. Vitamin C can protect biomembranes from lipid
peroxidation either directly by scavenging oxygen and peroxyl radicals or indirectly
by the regeneration of a-tocopherol. 23,25 However, also pro-oxidant properties of
ascorbic acid have been reported.17Freshfruits and green leafy vegetables are rich
sources ofvitamin C.24
Selenium is a cofactor of the glutathione redox cycle. This is an important
reducing mechanism for intracellular hydroperoxides, such as hydrogen peroxide
(H2O2). The key enzyme in the redox cycle is glutathione-peroxidase, a tetrameric
proteinwithfour atoms of selenium.17Copper, zinc and manganese arecofactors of
a group of intracellular metaloenzymes called superoxide dismutases. These
enzymes catalyse the dismutation of the superoxide anion (O2.-) into hydrogen
peroxide,which can subsequently be reduced by catalase or peroxidases into nontoxicsubstances.17 Richsources ofselenium arefish, meatandgrains.24
Plant foods that contain the mentioned antioxidant nutrients, such as fruits,
vegetables and grains, also contain non-nutrients likeflavonoids.26"28The flavonoids
comprise of a large group of polyphenols (over 4000 different flavonoids have been
identified) that can be categorised into: flavonols, flavones, catechins,
anthocyanidins,flavanones and isoflavonoids. Someflavonoids havebeen observed
to be potent antioxidants.26,27 However, flavonoids are also known to inhibit the
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production of oxygen radicals, leukotrienes, prostaglandins and other proinflammatory mediators by activated inflammatory cells.26 Both the antioxidant and
the anti-inflammatory activities of flavonoids may help to prevent COPD. The main
dietarysourcesofflavonoidsaretea,fruitsandvegetables.26
N-3fattyacids
Fish oils are rich in the n-3 fatty acids eicosapentaenoic acid (EPA) and
docosahexaenoic acid(DHA).A highintakeof EPA and DHAisthoughtto have antiinflammatory effects in the lungs, because of the influence of these fatty acids on
thearachidonic acidmetabolism (seefigure1).

membrane phospholipids
a-linolenicacid
linoleicacid
(18:3 n-3)
(18:2 n-6)

AA
arachidonic acid
(20:4 n-6)

EPA
eicosapentaenoic acid
(20:5 n-3)

cyclo-oxygenase
dependent
pathway

lipoxygenase
dependent
pathway

cyclo-oxygenase
dependent
pathway

lipoxygenase
dependent
pathway

2-series
prostaglandins
thromboxanes

4-series
leukotrienes

3-series
prostaglandins
thromboxanes

5-series
leukotrienes

Figure1:

Theroleofn-3andn-6fattyacidsineicosanoidproduction

Arachidonic acid (AA), a n-6 fatty acid, is present inthe phospholipid layer of cell
membranes. UnderWestern dietary conditions, it isthe major precursor fatty acid of
pro-inflammatory mediators called eicosanoids. Eicosanoids is a collective term for
prostaglandins (PG, thromboxanes and leukotrienes (LT). As shown in Figure 1
arachidonic acid derived eicosanoids are from the 2- and 4-series (e.g. PGE2 and
LTB4).
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A diet rich infish(oils) has been shown to increase the EPA and DHA content of
the membrane phospholipids.29,30 Under these conditions, EPA and DHA may
competitively inhibit the use of arachidonic acid as a substrate for eicosanoid
production.Eicosanoids derivedfrom EPAareofthe 3-and5-series (e.g.PGE3and
LTB5).
Since eicosanoids of the 3- and 5- series are biologically less active and thus
have a diminished pro-inflammatory capacity compared to eicosanoids from the 2and4-series,ahighintakeof EPAand DHA mayreduceairway inflammation.31"33
Alcohol
Several inhibitory effects of alcohol on inflammatory cells have been observed.
Alcohol has been observed to inhibit PMN delivery to inflammatory sites34,35 in a
dose-dependent manner,34 possibly bydiminishing the required adherence of these
cells to the endothelium.35 Reduced production of TNF by macrophages, known to
stimulate PMN adhesion to endothelial cell surfaces, may be involved in this
process.Acute alcohol intoxication, was observed to reduce TNF concentrations in
lung fluid after bacterial challenge.36 Both chronic alcoholism and mild intoxication
have furthermore been observed to decrease the production of eicosanoids,37,38
possibly through an inhibiting effect on cyclo-oxygenase and lipoxygenase38 (see
figure1).
More research is needed to establish whether alcohol consumption suppresses
airway inflammation in a dose-dependent way. If so, low alcohol consumption may
be beneficial by reducing airway inflammation, while heavy alcohol consumption
may bedetrimental bysuppressing inflammatory and immune processes to suchan
extentthatthedefence mechanisms ofthe lungsarecompromised.

This thesis
Rationale
Epidemiological findings of a potential protective effect of dietary factors on
COPD in the early 1990's led to the start of this PhD-project in 1994. Beneficial
associations with COPD related outcomes had been observed for vitamin C39,
fruits40,41and n-3 fatty acids.42"44 However, also negativefindings had been reported
for vitamin c,40,45 B-carotene,40 vegetables40,45 and fish.40 Alcohol consumption has
been studied in relationto COPDsincethe late 1960's. Early observations indicated
that heavy alcohol consumption might have deleterious effects on the lungs, mainly
on the basis of studies in alcoholics.46"48 Indications for a beneficial effect of low
alcoholconsumptionwerealsoobseived.40,49,50

GeneralIntroduction
Aimandglobaloperationalisation
The aim of thisthesis was to gain more insight intothe potential protective effect
ofdieton COPD.Studied inrelationto COPDwere: intakeof n-3 fatty acids,vitamin
C,vitamin E, B-caroteneand/or flavonoids aswell as consumption of alcohol,fruits,
vegetables,whole grains andfish. The choiceofthesedietaryfactorswas basedon
the presence of a plausible biological mechanism of action and/or previous
epidemiological findings (see earlier) and on the availability of data on intake of
these dietary factors fromtwo large scale population-based epidemiological studies:
TheSeven Countries Studyandthe MORGEN-study.
Data from the Seven Countries Study allowed us to study the longitudinal
association between baseline diet and long-term COPD mortality (up to 25 years) in
an international setting. Furthermore, in three countries the cross-sectional
association between diet and pulmonary function could be studied. The Seven
Countries Study was designed to investigate primarily cardiovascular diseases.
Since pulmonary function is an important risk factor for cardiovascular diseases,
every effort was made to measure pulmonary function as accurately as possible.
However, the baseline and 5 and 10-year follow-up measurements were performed
between 1960 and 1970 with less sophisticated methods than available today and
only middle-aged and older men were examined with a very large proportion of
smokers.
The MORGEN-study (1993-1997) was designed to examine risk factors for
chronic diseases, including COPD, inthe Dutch population.A large number of men
andwomenoverawideage-range (20-59years)wereexamined usingmodern highquality methods to determine diet, pulmonary function and a large number of
potential confounding variables. Furthermore,therewas a large variation insmoking
habits in the study population, which contained a substantial number of never
smokers. An important limitation compared to the Seven Countries Study was,
however, itscross-sectionaldesign.
Outline
UsingdatafromtheSevenCountries Studyandthe MORGEN-study thefollowing
associationswerestudied:
- theecological association betweendietand25-yrCOPDmortality in 16cohortsof
middle-aged menfromthe USA,Japanandfive Europeancountries (Ch. 2)
- the longitudinal association between diet and 20-yr COPD mortality in middleaged menfrom Finland,Italyandthe Netherlands (Ch.3and4)
- the cross-sectional relation between diet and pulmonary function in middle-aged
menfrom Finland,Italyandthe Netherlands (Ch.4and5)

17_

J8

Chapter 1

- the cross-sectional association of intake of catechins, flavonols and flavones with
pulmonary function and COPD symptoms in Dutch adults (Ch. 6)
- the cross-sectional association between intake of fruits, vegetables, whole grains,
fish and alcohol with pulmonary function and COPD symptoms in Dutch adults:
independent effects (Ch. 7)
In chapter 8 a general discussion of the results will be given.
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Abstract
Background:The aim was to investigate whether average intake of antioxidants,
fruits, vegetables and fish may help to explain international differences in COPD
mortality.We used information onbaseline dietandthe25-yrCOPD mortality rateof
the 16 population-based cohorts of middle-aged men participating in the Seven
Countries Study.
Methods:Dietary information was collected at baseline in small random samples of
each cohort. In 1987 the reported foods were bought locally and analysed
chemically. After 25 years of follow-up the underlying cause of death of those who
died was established centrally. COPD mortality rate ratios were calculated, for a
changeequivalentto 10%oftheoverallmeanconsumptionofadietary factor.
Results: We observed independent inverse associations between 25-yr COPD
mortality and baseline consumption offruits (rate ratio =0.49, 95%CI=0.36to 0.67)
and fish (rate ratio = 0.97, 95%CI = 0.93 to 1.00), after adjustment for potential
confounders. COPD mortality showed no statistically significant association with
intake of antioxidants or vegetables. Fruit and fish consumption together explained
about67%ofthevariance intheCOPDmortality ratesofthecohorts.
Conclusions: Fruit and fish consumption may partly explain population differences
in COPD mortality. This is in accordance with suggestions for a relation of fruit and
fishconsumptionwithCOPDobserved instudies inindividuals.
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Introduction
Although cigarette smoking is the primary risk factor for Chronic Obstructive
Pulmonary Disease (COPD) in individuals1, at the population level the relation
between smoking and COPD is less clear. In Japan, for instance, smoking
prevalence is high, whereas the COPD mortality rate is considerably lower than in
most other countries.2,3 This indicates that other factors apart from smoking
influence COPD-rates.
One such factor could be diet. Several epidemiological studies have suggested
that dietary antioxidants, fruits and fish may protect the airways against oxidantmediateddamage leadingto COPD4"14 Studied outcome measures were ventilatory
function, respiratorysymptoms andlongterm incidenceofchronic lungdisease.
Dietary factors involved in antioxidant defence mechanisms of the lungs are
antioxidant (pro)vitamins, such as vitamin C, vitamin E and 6-carotene, and
cofactors ofantioxidant enzymes,suchasselenium.15Also non-nutritive compounds
present in the diet, such as flavonoids, have antioxidant capacities.16 The potential
protective effect of fruits and vegetables may be due to their high antioxidant
activity.12
Fish oils are thought to have anti-inflammatory effects, because of the influence
of the n-3 polyunsaturated fatty acids eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) on arachidonic acid metabolism.12,17 EPA and DHA
may competitively inhibit the use of arachidonic acid as a substrate for the
production of pro-inflammatory mediators like prostaglandins and leukotrienes.
Derived from EPA, these mediators have diminished biological activities compared
tothecorresponding arachidonic acid-derived mediators.
To investigate whether average intake of antioxidants, fruits, vegetables and fish
may help to explain population differences in COPD mortality, we conducted an
ecological analysis using information on baseline diet andthe 25-yr COPD mortality
rateinthe 16cohorts oftheSeven Countries Study.

Materials and methods
Studypopulation
Between 1958 and 1964 12,763 men aged40-59 yearsfrom 16 different cohorts
were enrolled inthe Seven Countries Study. Eleven cohorts consisted of men living
in rural parts of Finland, Italy, Greece, former Yugoslavia and Japan. Two cohorts
consisted of railroad employees inthe USA and Italy, one of workers in a large cooperation in Serbia (Zrenjanin), one of university professors in Belgrade and one of
inhabitants of asmall industrialtown inthe Netherlands. Other characteristics ofthe
cohorts havebeendescribed indetail.18
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Examinations
Dietary information was collected at baseline (between 1959 and 1964 for 14
cohorts and around 1970 for Rome Railroad and Ushibuka) in small random
samples(8-49)ofeachcohort, usingthe 7-day record method in 14ofthecohorts,a
4-day record inUshibukaanda 1-day record inthe UScohort.
In 1985and 1986theoriginaldietary intakedatawere recoded byonedietician in
a standardised way and summarised in 16 food groups including vegetables, fruits
andfish.19 Forthe present analysis thefruit groupwasdecomposed insolidfruits (=
apples, pears),citrusfruits andother fruits (=soft fruits, conserved fruits,fruitjuice).
In 1987,foods representing the baseline diet were bought locally and sent by air in
cooling boxes to the Netherlands. Within one day after arrival, the foods were
cleaned and combined into equivalent food composites representing the average
food consumption of each cohort. These were subsequently homogenised,freezedried andstoredat-20°C untilanalysed.Partofthefood equivalent compositeswas
notfrozenandoxalicacidwasaddedtothis parttopreservevitaminC.
Vitamin C was determined fluorometrically20 within ten days after arrival.
Determination of 6-carotene was done using high-performance liquid
chromatography followed by spectrophotometric measurements.21 Vitamin E was
extracted according to Grimm and Tiews22 and determined chromatographically23.
Selenium was determined according to Welz and Melcher24 and flavonoids
according to Hertog et al.25 Total lipids were isolated according to Osborne and
Voogt.26 Fatty acids were determined gas chromatographically.27 Use of different
columns made identification possible ofthe n-6 andthe n-3fattyacids.
Inallmembersofthecohortsdatawerecollectedonage,smoking,height,weight
and work related physical activity at baseline and on smoking and respiratory
symptoms after 10 years of follow-up. Summarised values per cohort were used in
theanalyses.
Information on smoking, height, weight and work related physical activity was
collected in a standardised way.18 Body Mass Index (BMI, weight/height2) was
calculated and work related activity level was divided into four categories
(1=bedridden, 2=sedentary, 3=moderately active, 4=hard physical work) using
information on occupation and usual activities, including part-time jobs and notable
non-occupationalexercise.
The prevalence of respiratory symptoms wasdetermined inallcohorts except the
US railroad cohort. Subjects were interviewed by a trained physician using a
modified version of the Medical Research Council's questionnaire28 on respiratory
symptoms. Age-adjusted prevalence rates were calculated using the direct method
withtheagedistribution ofthewholestudy population asstandard.

Dietand25-yrCOPD mortality
Mortalityfollow-up
The vital status of the men was determined after 25 years of follow-up. Only 56
men (0.4%)were losttofollow-up. The underlying cause ofdeath ofthosewhodied
was established centrally by two investigators (HB and AM). They reviewed
information from clinical records, from family doctors, specialists, relatives and from
other useful sources, collected by local investigators. Usually the official cause of
death from the death certificate was not considered or only used as a preliminary
indication. Primary mortality was coded according to the 8th revision of the
International Classification of Diseases. COPD mortality rates (ICD 491-493) were
adjustedfor ageusingthedirect method,withtheagedistribution ofthewholestudy
population asstandard.
Statisticalmethods
Allanalyses concern inter-cohort comparisons.ThenumberofdeathsfromCOPD
per cohortwas assumed to have a Poisson distribution, considering the factthatwe
dealwithcountdatawherethe number ofdeaths issmall inrelationtothe numberof
observations. Poisson regression was carried out29,30 with 25-yr COPD mortality as
the dependent variable and dietary factors and potential confounders as
independent variables. The natural logarithm of the cohort size was used as an
offset, that is, an independent variable with a regression coefficient of one. To
correct for overdispersion standard errors were multiplied by ascalefactor obtained
bydividingthe residualvarianceofthe modelbytheresidualdegrees offreedom.
Five potential confounders, measured at baseline, were considered: age, total
energy intake, prevalence of cigarette smoking,work related activity level and BMI.
BMI was considered because in individual-level analysis of the Dutch cohort8
baseline BMI was found to be inversely associated with 25-yr CNSLD incidence.
Adjustment for age or work related activity level did not cause a relevant change in
anyofthestudied associations andthesefactorsweretherefore not used inthefinal
analysis. Emphasis is given to models containing the dietary factor of interest and
one potential confounder, namely the potential confounder that caused the largest
change intheestimated regression coefficient ofthe dietary factor. Subsequently all
threeconfounderswhereadjustedfor, realising howeverthat inthiscasethe number
of parameters in the model relative to the total number of observations (n = 16) is
quitelarge.
The antilog of the estimated regression coefficient represents the mortality rate
ratio for a one-unit change in the independent variable. For all dietary factors and
BMI, rate ratioswere presentedforachange equivalentto 10%ofthe meanvalueof
the variable for all cohorts combined and for the smoking variables for a 10%
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change insmoking prevalence. The interpretation ofthe presented rate ratios isbest
explained with an example. The average baseline intake of vitamin Efor all cohorts
combined was 15 mg. The presented rate ratio for the unadjusted association
betweenvitamin EandCOPDmortalityof 0.97 (table2) indicatesthat ifthe average
intakewereto increasewith 1.5 mg(= 10%)the25-yr COPDmortality ratewould be
expectedtodecreasewith3%.
The proportion of explained variance (R2) of the final model could not directly be
derived from the Poisson regression analyses. Therefore the Pearson's productmoment correlation coefficient (R) was determined for the relation between the
observed and the expected (onthe basis of the Poisson regression model) number
of COPDdeaths inthe cohorts andthe R2 calculated. To obtain normality a square
root transformation was first performed on both observed and expected COPD
mortality.
All presented correlation coefficients are Spearman correlation coefficients. All
tests were two-sided and p-values smaller than 0.05 were considered to be
statistically significant.

Results
During25yearsoffollow-up 273 mendiedwith COPDasthe underlying causeof
death, resulting in an overall age-adjusted COPD mortality rate of 2.1%. The 25-yr
age-adjusted COPD mortality rate was relatively low in Japan and Belgrade and
relatively high in three other cohorts of former Yugoslavia; Slavonia, Zrenjanin and
Velika Krsna (table 1). The age-adjusted prevalence of respiratory symptoms after
10 years of follow-up (table 1) showed a strong ecological association with 25-yr
age-adjusted COPDmortality (r=0.67,p=0.006).
The COPD mortality rate in the 16 cohorts showed no statistically significant
association with the baseline prevalence of cigarette smoking. The association
tended to be inverse (figure 1). Similar results were observed for the association
between COPD mortality andthe prevalence of heavysmoking (>20 cigarettes/day)
at baseline (rate ratio = 0.69, 95%CI = 0.45 to 1.04) and the smoking prevalence
after 10 years of follow-up (rate ratio = 0.87, 95%CI = 0.60 to 1.30). Furthermore
baseline smoking prevalence showed a non-significant inverse association with the
prevalence of respiratory symptoms after 10years offollow-up (r = -0.21, p=0.45).
Individual levelanalyses showed a 2.4 times higher risk of dyingfrom COPDduring
the 25-yrfollow-up periodfor baseline smokers compared to non-smokers (95%CI=
1.8to3.2),afteradjustmentforcountry.
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25-yr COPD mortality and prevalence of respiratory symptoms after 10years
offollow-up (TheSevenCountries Study).

cohort
US Railroad
Crevalcore
Montegiorgio
Rome Railroad
Dalmatia
Slavonia
Zrenjanin
Velika Krsna
Belgrade
Zutphen
East Finland
West Finland
Tanushimaru
Ushibuka
Crete
Corfu
Total

code
US
CV
MO
RO
DA
SL
ZR
VK
BE
ZU
EF
WF
TJ
UJ
CR
CO

Noof men
at baseline
2,571
993
719
768
671
ex-Yugoslavia
696
516
511
536
Netherlands
878
817
Finland
860
Japan
508
502
Greece
686
529
12,763
country
USA
Italy

10yrsfollow-up:
prevalence of
respiratory
symptoms
rate (%)*
n.a.
42.8
56.8
27.0
19.6
24.1
33.0
33.2
6.4
17.2
34.4
21.3
2.3
1.8
16.3
15.1
23.4

25-yr COPD
mortality
N
40
15
20
10
14
46
22
34
1
14
15
13
2
5
15
7
273

rate(%)*
1.5
1.5
2.9
1.4
1.8
5.8
4.4
6.3
0.1
1.6
1.9
1.4
0.4
1.0
2.3
1.3
2.1

*age-adjusted

Average BMI at baseline ranged from 21.8 to 26.6 kg/m with an overall mean of
24.0, and was not significantly associated with COPD-mortality (rate ratio = 0.66,
95%CI = 0.37 to 1.18). Average energy intake at baseline (range 9.6-15.8 MJ/day
(2.3-3.8 Meal/day), overall mean 12.6 MJ/day (3.0 Meal/day)) was positively
associated with COPD-mortality, with a rate ratio of 1.24 (95%CI = 1.04 to 1.49).
In the univariate analysis, 25-yr COPD mortality was inversely associated with
baseline fruit consumption (figure 2), solid fruit showing the strongest association
(table 2). After adjustment for total energy intake, total and solid fruit consumption
remained significantly associated with COPD mortality. No association was observed
between COPD mortality and consumption of vegetables. Of the antioxidant
nutrients studied vitamin C and selenium showed a significant inverse association
with COPD mortality, but these associations were no longer significant after
adjustment for total energy intake (table 2). Subsequent adjustments for baseline
smoking prevalence and BMI did not alter the associations in table 2 in a relevant
way.

Chapter2

28

oVK

•

oSL
•

2

oZR

•

4

1 "»
•

o
E
Q 3

o
o
*
io

°M0

-

Q.

°CR

2

o»A

CM

•

WF

Ss

"oEF"
°2U

o °RO

-oUJ°TJ

- , , ,°pf, ,
40

—i—i—I—i—i—r —I 1 1 1 1 1 1 1 1

45

50

55

60

—1—1—1—1—r—T — i — i — i — i — r

65

70

75

80

s m o k i n g prevalence at baseline (%)

Figure 1:

Association between smoking prevalence at baseline and25-yr COPD
mortality (the Seven Countries Study), rate ratio = 0.78, 95%CI = 0.49 to
1.25 (for 10%changeinsmokingprevalence).Forcodes:seeTable1.
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Figure 2:

Association between totalfruitconsumption at baseline and25-yrCOPD
mortality (the Seven Countries Study), rate ratio = 0.52, 95%CI = 0.38 to
0.73 (for 10%changeinoverallmeanfruitconsumption =13.1gram). Forcodes:
seeTable 1.
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Association between intake of antioxidants, fruits and vegetables at baseline
and25-yrCOPD-mortality(TheSevenCountriesStudy).

10%of
mean intake
Nutrients
VitaminE
B-carotene
VitaminC*
Selenium*
Flavonoids
Foods
Total vegetables
Totalfruits*
Citrusfruits*
Solidfruits*
Otherfruits*

1.5 mg
0.2 mg
7.4 mg
7.0 mg
2.7mg
18.2 g
13.1 g
1.8 g
2.5 g
8.8 g

25-yrCOPD- mortality
adjustedfor
crude
energy intake
rate ratio 95%CI
rate ratio 95%CI
0.97
1.01
0.33
0.26
1.01

0.86to 1.07
0.93to 1.11
0.11to 0.98
0.08to 0.83
0.96 to1.07

0.96
1.01
0.50
0.36
1.01

0.85to 1.05
0.94to 1.08
0.16to 1.78
0.11to 1.16
0.96to1.06

0.99
0.52
0.88
0.71
0.77

0.86to 1.16
0.38 to 0.73
0.78to 0.99
0.61to 0.84
0.59to 1.02

1.06
0.57
0.94
0.68
0.84

0.93to 1.21
0.37 to 0.88
0.79to 1.13
0.52to 0.88
0.64to 1.12

forthesevariablesanalyseswereperformedonlog-transformedvalues;thelogof10%
ofthemeanintake(seetable)wasusedtocalculatetherateratios.
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Figure 3:

Association between fish consumption at baseline and 25-yr COPD
mortality (the Seven Countries Study), rate ratio = 0.98, 95%CI = 0.93 to
1.02(for 10%change inoverall meanfish consumption =4.4 gram). Forcodes:
seeTable 1.
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An inverse association between fish consumption and COPD mortality is
suggested by figure 3. This association almost reached statistical significance after
adjustment for BMI, its main confounder (table 3). The intake of EPA and DHA
correlated strongly with fish consumption (R = 0.77, P = 0.005) and showed, after
adjustmentfor BMI,astatistically significant inverseassociationwith COPD mortality
(table 3). Subsequent adjustments of associations in table 3 for baseline smoking
prevalence andtotalenergy intakedid notalterthe results inarelevantway.

Table3:

Associationbetweenintakeofdifferentfattyacidsandfishatbaselineand
25-yrCOPD-mortality(TheSevenCountriesStudy).
10%of
mean intake

Nutrients
n-6 fatty acids
n-3 fattyacids
EPAandDHA
Foods
Fish

25-yr COPD-mortality
crude
adjustedfor BMI
rate ratio
95%CI
rate ratio
95%CI

1.5g
0.3g
0.1g

1.04
1.00
0.97

0.91 to 1.18
0.90to 1.11
0.89to 1.05

1.12
0.96
0.92

0.97to 1.29
0.86to 1.08
0.84 to 0.99

4.4g

0.98

0.93to 1.02

0.96

0.92to 1.00

In a model containing fruit and fish consumption and smoking prevalence, the
association with COPD mortality remained essentially unchanged for fish (rate ratio
= 0.97, 95%CI=0.93to 1.00) andtotalfruit consumption (rate ratio =0.49, 95%CI=
0.36to0.67). Smoking prevalence remained unassociatedwith COPDmortality (rate
ratio = 1.11, 95%CI = 0.75 to 1.63). Subsequent adjustments for totalenergy intake
and BMIdid not alter these results. Total fruit consumption explained about 57%of
the variance in the 25-yr COPD mortality rates of the cohorts. Fish consumption
explained anadditional10%.

Discussion
We observed independent inverse associations between average baseline
consumption offruits and fish and longterm mortality from COPD inthe 16 cohorts
of the Seven Countries Study. Fruit and fish consumption together explained about
67% of the variance in the COPD mortality rates of the cohorts. Baseline smoking
prevalence showed no clear association with COPD mortality in this ecological
study.
General advantages of ecological studies are the much larger variation in
exposure (here dietary intake) between-populations than within-populations and

Dietand25-yrCOPD mortality
relatively small measurement errors in exposure assessment. The use of dietary
intake and mortality data collected in the cohorts, instead of food disappearance
data and national statistics, and the availability of individual-level information on
potential confounders adds strength to our study. However, its important to bare in
mind that onthe basis of observations atthe population-level, nocausal inferences
can bemade about individual-level phenomena.31When ecological data are usedto
test anetiological hypothesis,thefindingstherefore needto bejudged inthe lightof
both a plausible biological mechanism of action and consistency with results of
individual-levelstudiesdesignedtotestthesamehypothesis.
We are not aware of other ecological studies on the relation between diet and
COPD. Our results concerning fruit and COPD are in agreement with recent
individual-level studies. Ina randomsampleof Britishadultswinterfruit consumption
was positively associated with ventilatory function7, and in the Dutch cohort of the
Seven Countries Study 25-yr incidence of chronic lung disease was inversely
associated with baseline consumption of total and solid fruits8. The association
between fruit consumption and COPD is thought to be due to a protective effect of
the antioxidant vitamin C7,11, which is suggested by several epidemiological
studies4,6,11. However, in accordance with the individual-level results from the Dutch
cohort8, we observed that COPD was strongly associated with the consumption of
solid fruits,whilethe association with citrusfruits and vitamin Cwas less clear. This
suggeststhat,besidesvitamin C,othercomponents offruits maybeinvolved.
Thepotential protective effect offish consumption isthoughtto beduetothe antiinflammatory effects of EPA and DHA.12,17 After adjustment for BMI, fish
consumption and intake of EPA and DHA were inversely associated with COPD
mortality. Results of individual-level studies, however, are not conclusive. In crosssectionalstudiesapositive associationwasobserved betweenfishconsumption and
ventilatory function5,10 and an inverse association between the combined intake of
EPA and DHA and COPD was found9. In the Dutch cohort8 no association was
observed between baseline intake fish or EPA and DHA and 25-yr incidence of
chronic lung disease. This may be dueto the low level of intake (average EPA and
DHA intake 220 mg/day), but Shahar and co-workers9observed their association at
similar levels of intake (average 247 mg/day). Further studies are needed to
elucidatethisissue.
Cigarette smoking is well established as the primary risk factor for COPD in
individuals. Individual-level data of the Dutch cohort showed,for example, a strong
positive association between baseline smokingand20-yr mortalityfrom CNSLD.32In
our ecological analyses, however, baseline prevalence of smoking showed no clear
associationwiththe25-yr COPDmortality rateinthe 16cohorts.
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The validity of our data on COPD mortality appears to be good. Great effort has
been put into ascertaining the comparability ofthe mortality data between countries.
The primary cause of death was established centrally and based mainly on
additional sources of information besides death certificates. Additional individual
level analyses showed a clear difference in 25-yr COPD mortality between smokers
and non-smokers at baseline. Furthermore,the COPDmortality rates ofthe cohorts
are comparable with results of other longitudinal studies conducted in the same
period33"34 and also accord with data provided by the WHO2,35. The validity of our
COPD mortality data is further supported by the strong association with the
prevalence of respiratory symptoms after 10yearsoffollow-up.A similar association
on the individual level has been reported earlier.36 A concern might be that the
prevalence of smoking in 1960 does not reflect smoking prevalence during the 25year follow-up period. However, additional analyses showed that baseline smoking
prevalence was strongly associated with smoking prevalence after 10 years of
follow-up and smoking prevalence after 10yearsoffollow-up stillshowed an inverse
non-significant association with 25-yr COPD mortality. The prevalence of heavy
smoking showed no clear association with COPD mortality also. It is possible that
detailed information on the duration of smoking might have revealed a relationship
withCOPD mortality.
The discrepancy between observed individual-level associations and our
ecological association on smoking and COPD maytherefore beexplained bycrosslevel bias. In this context the term "bias" is misleading. Through the differential
distribution of extraneous risk factors, or individual-level effect modifiers across
populations37, there may truly be no positive association between smoking
prevalence and COPD mortality at the population-level. This is supported by the
situation in Japan, as reported by Aoki 3 , with a high prevalence of smoking and a
relatively low mortality from COPD,which is conform our findings in the Japanese
cohorts UshibukaandTanushimaru.
A few other methodological concerns need to be addressed. Although in our
study we used the term COPD (defined as chronic bronchitis and emphysema),
asthma does contribute to the mortality rates. The three conditions show overlap in
clinicalfeatures38and especially with methods available inthe 1960s it is difficult to
discern between asthma and COPD. Inour study chronic bronchitis or emphysema
was often noted as the secondary cause of death in cases where asthma was
reportedasthe underlying causeofdeath.Also consideringthefactthatthe number
ofasthmacaseswassmall,wedecidedagainst excludingthemfromtheanalyses.
It may bequestioned whether food consumption around 1960 is agood indicator
for average food consumption during 25-yr of follow-up. The characteristic food
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consumption patterns of the seven countries changed during 25-yr of follow-up, but
the relative position of the countries in the distribution of different foods, including
fruits and fish, was maintained. 19Therefore, this type of bias is probably small.
Work related activity level can be seen as a proxy for socio-economic status.
Since adjustment for work related activity level did not alter the associations studied,
socio-economic status cannot explain our findings. However, confounding by other,
unmeasured, factors such as for instance air pollution can not be excluded.
We conclude that fruit and fish consumption may partly explain international
differences in COPD mortality. This is in accordance with suggestions for a relation
between fruit and fish consumption and COPD observed in individual-level studies.
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Abstract
Background: Several recentcross-sectional surveys demonstrated aprotective effect
of a high intake of antioxidants, fruit, vegetables and fish on outcomes related to
chronic obstructive pulmonary disease (COPD). The objective of the present
prospectivestudywasto investigatetheassociation betweenselecteddietaryfactors
and20-yr COPDmortality inmiddle-aged menfromthree Europeancountries.
Methods:Baseline individual information on diet was collected around 1970 using
the cross-check dietary history method in Finland (n=1248), Italy (n=1386) and the
Netherlands (n=691). The dietary factors studied were fruit, vegetables, fish and
antioxidants (vitamin C, vitamin Eand B-carotene). After 20 years of follow-up the
underlying cause of death of those who died was established centrally. Survival
analyseswereperformed usingtheCoxProportional HazardsModel.
Results:During 20years of follow-up 73 men died from COPD.After adjustment for
age, pack years of smoking and country, inverse relationships were observed
betweenthe baseline intake offruit (relative risk (RR) =0.49, 95%CI =0.26 to 0.93)
and of vitamin E (RR = 0.51, 95%CI = 0.27 to 0.99) with 20-yr COPD mortality.
Additional adjustment for total energy intake resulted in marginally higher estimated
RR's for fruit (RR = 0.56, 95%CI = 0.29 to 1.09) and vitamin E intake (RR = 0.66,
95%CI=0.31to1.42).
Conclusion: Our results suggest a protective effect of intake offruit and of vitamin E
ondyingfromCOPD.
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Introduction
Several riskfactors forthe development of chronic obstructive pulmonary disease
(COPD) have been identified,among which cigarette smoking isthe most important
one.1 High levels of free radicals in cigarette smoke cause direct (tissue oxidation)
and indirect (release of oxidising agents and enzymes) damage to lung tissue.2,3
However, the fact that not all smokers develop significant airflow obstruction
suggeststhatotherfactors arealsoinvolved.
Diet is one of the potential factors. Several recent cross-sectional surveys
demonstrated a protective effect of the intake of fruit4,5,6 and vegetables5,7 on
pulmonary function4,5,6and respiratory symptoms7,whichsuggeststhatthese dietary
factors mayhaveaprotective effect onCOPD.The highantioxidant concentration of
fruits andvegetables isthought to be responsible for their potential protective effect.
Recent cross-sectional studies focusing on dietary intake of antioxidants and
indicators of COPD showed a protective effect of the intake of vitamin c,8,9,10,11
vitamin E12,13 and H-carotene10,13, mainly on lung function8"12 and in one study on
respiratorysymptoms.13
To our knowledge, only two longitudinal studies on the association between diet
and COPD have been performed. Inthe Zutphen Study an inverse relationship was
observed between baseline consumption of total and solid fruit and 25-yr incidence
of chronic lung disease.14 However, Miedema and co-workers did not observe a
relationship with intake of antioxidants. Carey and colleagues observed that a
decreasing frequency of fresh fruit consumption over a period of 7 years was
accompanied by a decrease in pulmonary function.6 However, in this study no
relationship between change in lung function and the average level of fruit intake
overthe7-yr periodwasfound.
In addition to the above-mentioned dietary factors with antioxidant capacities, it
has also been suggested that fish consumption protects against development of
COPD.The anti-inflammatory effects of n-3 polyunsaturated fatty acids,15"17ofwhich
fish isthemainsource,18arethoughtto beresponsibleforthisprotection.
To our knowledge,the present study isthefirst prospective studythat focused on
the association between diet and COPD mortality. We investigated the relationship
of baseline individual intake of fruit, vegetables, antioxidants and fish with 20-yr
COPD mortality. Data of Finnish, Italian and Dutch cohorts of the Seven Countries
Studywerecombinedto provideawide range indietary intake.
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Materialsandmethods
Studypopulation
From 1958 to 1964 sixteen population samples of middle aged men (40 - 59
years) from seven countries have been enrolled and examined at baseline for the
Seven Countries Study.19 During the second and third round (5 and 10 years of
follow-up respectively) dietary data were obtained in the Finnish, Italian and Dutch
cohorts.Also20-yearfollow-up mortality datawerecollected.
Inthe present study two Finnish,two Italian and one Dutch cohort of the Seven
Countries Study are involved. In Finland one cohort was located in the east, in
llomantsi, a rural area close to the Russian border. The other Finnish cohort was
situated inthe south-western part of the country, in Poytya and Mellila. Two cohorts
of Italian men participated inthe study. One consisted of men living inthe village of
Crevalcore, which is located in the Po Valley. The participants of the other Italian
cohort were inhabitants of Montegiorgio, a small country village in central Italy. The
fifth cohortwas located inZutphen,asmallcommercialtown inthecentre-east ofthe
Netherlands.
In 1959 in Finland 1,675 men were examined, about 98 percent of the total
eligible population of men born from 1900 to 1919.After 10years, 612 men in East
Finland and 694 men in West Finland were re-examined, respectively 91 percent
and 93 percent of the surviving men. Complete dietary information was obtained
from 590 men in East Finland and 670 men in West Finland. InZutphen a random
sampleof4outofeach 9eligible menwasdrawn in 1960. Invitedwere 1088menof
which 872 men participated in both the medical examination and the dietary survey
(80 percent). In 1970 625 men were re-examined, of which 558 participated in
individual dietary surveys. In both Italian cohorts 99 percent of the eligible men
participated in 1960 (n=1712). In 1970, 570 participants in Montegiorgio and 753
men in Crevalcore were examined. From respectively 551 and 584 men complete
dietary informationwasobtained.
Data collection
Individual dietary surveys were carried out around 1970 in all cohorts, except in
Montegiorgio, where this survey took place in 1965. The dietary data gathered in
1965inthis Italian cohort were usedasanapproximation fordietary intakes in 1970.
20

Individual dietary intake was estimated by the cross-check dietary history method.
Although this method was adapted to the local situation in the specific country, the
methodology was comparable for the three countries. The cross-check dietary
history method provides information about the usual food consumption pattern
during six to twelve months preceding the interview. The first part of the method
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concerns questions about the foods used at breakfast, lunch, dinner and between
the meals. This, to assess the usual food consumption pattern of a person during
weekdays and weekends. For the second part of the survey a checklist with a
number offoods was used.Thefrequencies and amounts consumed were recorded
for the different food groups. The information about the food pattern was compared
with the information from the checklist. In all cohorts the dietary interviews were
carried out by experienced dieticians and nutritionists. The food intake was
converted into energy and nutrient intake using the computerised versions of the
local food tables for the three different countries.21"24 Also individual intakes of
antioxidants (vitamin C, B-carotene and vitamin E)were calculated for the separate
cohorts,usingthe localfoodtables.
In all cohorts information on age, height, weight and smoking status of the
participants was collected in a standardised way.25 Body Mass Index (BMI) was
calculatedfrom measurements of bodyweight (kg) and height (m). Current smoking
status was assessed using a standardised questionnaire. Possible answers were:
current smoker, former smoker and never smoker. Current orformer smokers were
asked to report the amount of cigarettes they smoked or used to smoke daily. The
number of years smoked was estimated by assuming that in all cohorts the men
started smoking atthe ageof 16such as knownfor the Dutch cohort. Pack years of
smoking were calculated as the product of the number of years smoked and the
number of packs of cigarettes smoked per day. It was assumed that a pack of
cigarettescontained 25cigarettes.
Thevitalstatus ofthe participantswas recorded during20years offollow-up.The
underlying cause of death from those who died was established centrally by two
investigators. They reviewed the information from clinical records, from family
doctors, specialists and relatives and from other useful sources collected by local
investigators. Usually the official cause ofdeathwas not considered or only used as
a preliminary indication. Primary mortality was coded according tothe 8th revision of
the International Classification of Diseases (ICD) oftheWorld Health Organisation.26
The ICD codes 491 to 493 refer to death from chronic bronchitis, lung emphysema
andasthma respectively.
Statisticalanalyses
The Cox Proportional Hazards Model (SAS Procedure PHREG)27,28 was used to
assess the relationship between the consumption of the selected dietary variables
and20-yr COPD mortality, sincethis method takes into account the unequal lengths
oftimethateachparticipant hasbeenobserved.
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Except for fish consumption, the dietary variables were ranked into tertiles. Fish
consumption was divided into categorical intakes of 0, 1 - 20 and more than 20
g/day. To be able to assess the effect of high fish consumption also an alternative
ranking was used: 0, 1- 20, 21 - 40 and more than 40 g/day. In the analyses the
potential confounders age, pack years of smoking and country were taken into
account. Total energy intake and BMI at baseline are other potential confounders
thatwereconsidered.Adjustment for countrywas carried out bycalculating a pooled
relative risk (RR), using the strata option of the PHREG procedure that allows
baseline hazards to vary between countries. The same method was used for the
analyses inwhich adjustment for cohort instead of country was carried out. Stratified
analysesfor each country, which could have given insight intodifferences in potential
protective effect of dietary factors between countries, were not possible due to small
numbers of COPD deaths within the countries. Excluding men who died in the first
years of the follow-up period could correct for possible influences of a different diet
in COPD patients and healthy participants. However, this exclusion was not carried
out to maximise statistical power. In case of fish consumption additional analyses
werecarried outwithadjustment forethanolintake.
Allanalyseswere performed usingthe SASstatistical packageversion6.11(Cary,
USA). The term statistically significant refers to p-values lower than 0.05 (two-sided
tests).

Results
Table 1 presents general characteristics of the study population. Of the total
research group only 21.3 percent were never smokers, 50.9 percent were current
smokers and 27.8 percent were former smokers in 1970. Out of the total study
population of2917 men,1712 men(58.7 percent) diedduringtwenty yearsoffollowup,amongwhich73deathsfrom COPD.The overall COPD mortality ratewas 171.1
per 100.000 person years with the highest rate in the Netherlands (224.2/100.000
person years) andthe lowest rate in Italy (135.6 per 100.000 person years). Among
never smokers the COPD mortality ratewas 62 per 100.000 personyears, informer
smokers this rate reached 182 per 100.000 person years and 216 per 100.000
personyearswastheCOPDmortality rateamongcurrentsmokers.
We observed a wide range in dietary intake (table 2). Mean daily total energy
intake rangedfrom 11.0 MJinthe Netherlands to 15.6 MJ in Finland.Daily intake of
vegetables (181 g) and vitamin E (15.5 mg) was highest in the Dutch cohort. Fish
consumption, however, was lowest in the Netherlands (16.5 g/day) and highest in
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Finland (39.6 g/day). Vitamin C intake was lowest in Italy (43.0 mg/day) and highest
inthe Netherlands (95.7 mg/day).

Table 1:

General characteristics ofthe Finnish, ItalianandDutchcohorts ofthe
SevenCountries Study (1970)

Age inyears (mean,(SD))
BMI* inkg/m2(mean,(SD))
Cigarette smoking
current (%)
former (%)
never (%)

Finland
n=1227

Italy
n=1132

Netherlands
n=558

59.1(5.5)
24.7 (3.8)

59.3 (4.9)
26.0 (3.9)

59.6 (5.4)
25.1 (2.7)

50.4
29.7
19.8

50.8
19.5
29.7

52.0
40.3
7.7

769
31

628
23

315
19

Twenty years of follow-up
Numberof deaths
Number ofCOPD* deaths
* BodyMassIndex
*ChronicObstructive Pulmonary Disease

Table2:

Daily intakeofselected nutrients andfoods inthe Finnish, Italianand Dutch
cohorts ofthe Seven Countries Study (1970)

Energy intake (MJ)
Ethanol(g)
Vitamin C(mg)
p-carotene(mg)
Vitamin E(mg)
Fruit (g)
Vegetables (g)
Fish(g)

Finland
n=1227
mean(SD)

Italy
n=1132
mean(SD)

15.6 (4.7)
6.6 (13.1)
91.4 (35.4)
2.0 (1.9)
7.0 (2.5)
175 (185)
79 (60)
39.6 (46.6)

12.3 (3.3)
82.1 (57.7)
43.0 (24.4)
0.9 (0.5)
8.5 (3.1)
153 (167)
68 (53)
19.7J20.8)_

Netherlands
n=558
mean (SD)
11.0 (2.2)
9.4 (13.5)
95.7 (44.5)
1.2 (0.3)
15.5 (6.4)
170 (129)
181 (58)
16.5 (18.6)

Survival analyses, adjusting for age, pack years of smoking and country, revealed
that the baseline intake of fruit and of vitamin Ewas inversely related to 20-yr COPD
mortality (table 3). The adjusted RR between the highest and lowest fertile was 0.49
(95%CI = 0.26 to 0.93) for fruit and 0.51 for vitamin E (95%CI = 0.27 to 0.99).
Additional adjustment for total energy intake resulted in marginally higher estimated
RR's for fruit (RR = 0.56; 95%CI = 0.29 to 1.09) and vitamin E intake (RR = 0.66;
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95%CI = 0.31 to 1.42). Adjustment for BMI showed similar effects, but less
pronounced.
The analyses did not show a relationship between COPD mortality and the intake
of vegetables, fish, vitamin C and B-carotene (table 3). Additional adjustment for
ethanol intake did not alter the estimated RR's for fish consumption and COPD
mortality in a relevant way. Analyses with the alternative classification of fish
consumption (0, 1 - 20, 21 - 40, >40 g/day) also did not show an association
between fish consumption and COPD mortality (not shown). Adjustment for cohort
instead of country resulted in similar results (not shown).

Table 3:

The relation between tertiles of baseline intake of dietary factors and 20-yr
COPD mortality in 2917 middle-aged men from Finland, Italy and the
Netherlands
adjusted for
age, pack years and country*

Dietary factors
Fish(g)**
Fruit (g)
Vegetables (g)
Vitamin C(mg)
Vitamin E(mg)
B-carotene (mg)

RR2.1
0.83
1.01
0.77
0.92
0.68
0.64

RR3.1(95%CI) p-trend
1.04(0.54-2.03)
0.49 (0.26-0.93)
0.91(0.44-1.85)
0.80(0.40-1.61)
0.88(0.47-1.63)
0.51 (0.27-0.99)

0.70
0.04
0.67
0.53
0.58
0.04

adjusted for
age pack years, country*
andenergy intake
RR2.1 RR3.1(95%CI)
0.83
1.08
0.83
1.07
0.75
0.75

p-trend

1.10(0.57-2.14)
0.56(0.64-1.83)
1.08(0.52-2.26)
1.08(0.51-2.28)
1.04(0.55-1.96)
0.66(0.31-1.42)

0.56
0.11
0.98
0.84
0.99
0.28

* adjustedforcountrybycalculatingapooledrisk ratio,allowing baselinehazardstovary
betweencountries
** Fishintakeincategories(0/0-20/ >20g/day)
RR2.1 =relativeriskofmiddlevs.lowesttertile
RR3.1 =relativeriskofhighestvs.lowesttertile
tertile limits-fruit:<77,>191;vegetables:<52,>107;vitaminC:<57,>92;B-carotene: <0.9,>1.5;
vitaminE:<6.4,>9.0

Discussion
The results of the present 20-yr follow-up study demonstrated inverse associations
between the baseline habitual intake of fruit and of vitamin E and the risk that middle
aged men will die from COPD after adjustment for age, pack years of smoking and
country. Additional adjustment for total energy intake resulted in marginally higher
estimated RR's, however the confidence interval widened and included one. No
association with COPD mortality was observed for the consumption of vegetables and
fish and forthe intake ofvitamin Cand B-carotene.
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Random misclassification ofexposure may haveoccurred byusingthe cross-check
history method to obtain information on diet. This random misclassification can vary
between the selected dietaryfactors.The validity and reproducibility of this method is
reported by Block29 and Bloemberg and colleagues.30 Random misclassification of
exposure results in bias of relative risks towards one,31 thus in the present study
random misclassification may have ledto underestimation of RR's. Baselinevaluesof
exposure (diet) and potential confounders (e.g. smoking) may have changed during
thefollow-up period of20years. Huijbregts andcolleagues demonstrated an increase
offruitconsumption inthesurvivorsduring20yearsoffollow-up inasubsampleofthe
presentstudy.32Sincethis increasewashighest inthereferencegroup,the lowestfruit
fertile,thismayhavegivenanunderestimation oftheeffectoffruit.Onthe otherhand,
overestimation of this effect may have occurred due to residual confounding by
smoking,since,inaccordancewithearlierstudies,33,34thepresentstudyshowedlower
dietary intake of fruit among smokersthan among non-smokers. Further, although in
our study we used the term COPD (defined as chronic bronchitis and emphysema),
asthma does contribute to the mortality rates. However, chronic bronchitis or
emphysema was often noted as the secondary cause of death in cases where
asthmawas reportedasthe underlying cause ofdeath.Alsoconsideringthefactthat
the number ofasthma caseswassmall,wedecided against excluding themfromthe
analyses.
The estimated RR's bothfor fruit and vitamin E intake remained on a similar level
after additional adjustment fortotalenergy intake besides age,pack years of smoking
and country. Although statistical significance was no longer present, these results
suggestaprotectiveeffectofthesedietaryfactorsondyingfromCOPD.
Our findings regarding vitamin C are in contrast with the reasonably consistent
evidence in literature for a positive association between intake of vitamin C and
pulmonary function.8"11 However, reported associations regarding other COPD related
outcomes like respiratory symptoms10,35 and airway obstruction36 are less consistent.
Theonly longitudinal studythat investigated the relationship between intakeofvitamin
C and chronic lung disease, demonstrated no association between baseline intake of
vitamin Cand 25-yr chronic lung disease incidence inthe Dutch cohort ofthe Seven
Countries Study, which is in accordance to our findings.14 However, in the present
prospective study the Zutphen cohort is one of the five cohorts we used in our
analyses.
With regard to fruit consumption our results are in agreement with the results of
several cross-sectional studies,4"6 but not with other studies that did not show a
relationship between fruit intake and pulmonary function12 or respiratory symptoms7.
However, our findings are in agreement with the results of the longitudinal study

46

Chapter3

performed by Miedema and colleagues,14 who observed an inverse association
between baseline consumption of total and solid fruit and 25-yr chronic lung disease
incidence inthe Dutchcohortofthe Seven Countries Studywhich remained also after
adjustment for age, smoking habits, BMI and energy intake. A relationship between
25-yr incidenceofchronic lungdisease andconsumption ofcitrusfruits,whichcontain
large quantities of vitamin C,was not observed by Miedema and co-workers. These
findings,together with our results, support the suggestion that other fruit components
than the antioxidant vitamin C may have a protective effect on the development of
emphysema and chronic bronchitis, e.g. flavonoids, which have strong antioxidant
capacities.37,38Because nospecified information onfoodsthatcontainflavonoids,e.g.
onions and redwine, could be derived from the dietary questionnaires, analyses with
flavonoidscouldnotbeperformed.
Our results considering the antioxidant vitamin Eare in agreement with the results
oftwo cross-sectional studies,one showing an inverse association between intake of
vitamin E and respiratory symptoms13 and one demonstrating a positive association
between intake of vitamin E and pulmonary function12. In contrast, two other crosssectional studies did not show a relationship between intake of vitamin E and
pulmonaryfunction.9,10Thus,theevidencefor apotentialprotective effect ofvitaminE
onCOPDisinconsistent.
OurobservationsdidnotshowanassociationbetweenfishconsumptionandCOPD
mortality,which is not inaccordance with the hypothesis that intake of n-3 fatty acids
prevents the development of chronic bronchitis and lung emphysema. It is not likely
that this discrepancy is due to the level of intake in our study population (mean daily
intake of 27.4 g), because Shahar and colleagues16 showed an inverse relationship
between incidence of COPD and consumption of fish at similar levels of intake (1.9
servings/week or85-142g.fish/week).
Insummary,ourresultssuggestaprotectiveeffect ofintakeoffruitandofvitaminE
ondyingfrom COPD.However, recommendations inrelationtofruit consumption and
vitamin E intake can not be given because of inconsistency in the results of
epidemiologicalstudies.
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Abstract
Background:Alcohol consumption shows a U-shaped relation with all-cause and
cardiovascular mortality. Indications for a protective effect of light-to-moderate
alcohol consumption on Chronic Obstructive Pulmonary Disease (COPD) morbidity
suggestasimilar relationwithCOPDmortality.
Methods: We fit a Cox proportional hazard model to data on baseline alcohol
consumption (1970) and 20-yr COPD mortality from 2953 middle aged men in
Finland, Italy and the Netherlands. Concurrently, we studied pulmonary function in
relation to none and light alcohol consumption (<3 drinks/day) in Finland and the
Netherlands and inrelationto moderate-to-heavy alcohol consumption in Italy, using
multiple linear regression. All regression models were adjusted for age, height (for
pulmonaryfunctiononly),BMI,smoking,energyintakeandcountry.
Results:A smoothed spline-plot showed a U-shaped relation between alcohol and
COPD mortality. Compared to non- and occasional drinkers (<1drink/week), the
relative risk of COPD mortality was 0.60 (95%CI =0.33 to 1.09) in light drinkers (>1
drink/week, <3 drinks/day) and 1.25 (95%CI = 0.47 to 3.31) in moderate-to-heavy
drinkers. In Finland and the Netherlands alcohol consumption was positively
associatedwith pulmonaryfunction. Non-drinkers hadarespectively 64 ml(95%CI=
-12 to 141) lower FEVo/sand a 94 ml (95%CI = 2to 186) lower FEVi compared to
occasional and light drinkers. InItaly,very heavydrinkers (> 12drinks/day) hada98
ml (95%CI = 8 to 187) lower FEV075 than moderate-to-heavy drinkers (>3, <12
drinks/day).
Conclusions: Weobserved a U-shaped curve between alcohol consumption and20yr COPD mortality in middle aged men that was supported by cross-sectional data
onalcoholandpulmonaryfunction.

AlcoholandCOPD

Introduction
Several epidemiological studies have reported lower overall mortality rates in
light-to-moderate drinkers compared to those not consuming alcohol, while overall
mortality seems to increase with higher levels of alcohol consumption.1"3The lower
cardiovascular disease mortality observed indrinkers of uptoseveral drinks perday
comparedto non-drinkers2"7partlyexplainsthe beneficial effect ofalcohol. However,
alsowhenmortalityfrom cardiovascular diseaseswasexcluded,mortalityfrom other
causes was observed to be lower in those consuming up to three drinks per day
comparedto non-drinkers.1,3
Another important cause of death is Chronic Obstructive Pulmonary Disease
(COPD) defined as chronic bronchitis and emphysema. There are indications for a
beneficial effect of light-to-moderate alcohol consumption on pulmonary function7
and 25-yr incidence of chronic lung disease.8 Furthermore, a beneficial effect of
alcohol consumption on the prevalence and extent of emphysema, determined by
autopsy,was suggested.9 Heavy alcoholconsumption isthought to have deleterious
effects onthe lungs,mainlyonthe basisofstudies inalcoholics.10*12
Toour knowledgethe relation betweenalcoholconsumption and long-term COPD
mortality has not been studied before. Based on present knowledge, we
hypothesised a U-shaped relation. To test this hypothesis we used data on alcohol
consumption around 1970and 20-yr COPD mortality in2953 middle aged menfrom
Finland, Italy and the Netherlands gathered in the Seven Countries Study.
Concurrently, we determined whether cross-sectional data on pulmonary function
and alcohol consumption in the three countries indicated a similar effect of alcohol
consumption onCOPD.

Materialandmethods
Subjectsandstudydesign
Around 1960 sixteen population samples of men aged 40-59 years from seven
countries have been enrolled and examined at baseline for the Seven Countries
Study.13 The vital status of the participants was recorded during 30-yrs of follow-up
and the menwere re-examined at 5and 10year after baseline. Intable 1thedatacollection inthe Finnish, Italian and Dutch cohorts inthe 3examination rounds have
been summarised. For all other cohorts data on alcohol consumption and/or
pulmonaryfunctionwas notavailable.
In Finland one cohort was situated in rural east Finland, close to the Russian
border, andtheother inaruralarea inthewestof Finland.The Italiancohorts
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Table 1:

Data-collectionatbaselineandatthere-examinationsafter5and10 yearsof
follow-upintheFinnish,ItalianandDutchparticipantsoftheSevenCountries
Study.

Examination1 (baseline)
Year of examination
Age-range (yr.)
Noofexamined men
Response rate (%)
Data onalcohol consumption (n)
Dataonpulmonaryfunction (n)
Examination2(5yearfollow-up)
Yearof examination
Age-range (yr.)
Noofexamined men
Response rate (% of survivors)
Dataonalcohol consumption (n)
Dataonpulmonary function (n)
Examination3(10yearfollow-up)
Year of examination
Age-range (yr.)
Noofexamined men
Response rate (% of survivors)
Dataonalcoholconsumption (n)
Dataonpulmonary function (n)
— datanotavailable

*or

Finland

Italy

Netherlands

1959
40-59
1,677
98

1960
40-59
1,712
99

1960
40-59
872
80

1,614

1,646

1964
45-64
1,531
97
1,491

1965
45-64
1,548
95
1,539
1,394

1965
45-64
778
93
721
694

1969
50-69
1,363
95
1,306
1,325

1970
50-69
1,335
88
592*
1,069

1970
50-69
701
91
615

llymeasured inCrevalcore

consisted of men living in Montegiorgio and Crevalcore, two rural villages in
respectively central and northern Italy. The fifth cohort comprised of men from
Zutphen,asmallcommercialtown intheeastofthe Netherlands.
Complete data on alcohol consumption around 1970 (for Montegiorgio alcohol
consumption in 1965was used asaproxyfor alcohol consumption in 1970),COPDmortalitybetween 1970and 1990and potential confounders was available for 2,953
men in the three countries. Complete data on alcohol consumption, pulmonary
function and potential confounders was available for 1248 Finnish men in 1969 and
for respectively 1386and691 meninItalyandthe Netherlands in1965.
Methods
Food intake, including consumption of alcoholic beverages, was estimated using
the cross-check dietary history method.This method provides information about the
usual food consumption pattern six to twelve months preceding the interview.14 All
interviews were carried out by extensively trained dieticians and nutritionists.

AlcoholandCOPD
Although the dietary history method was adapted to the local situation in each
specific country, the methodology was comparable. The nutrient intake, including
alcohol, was assessed using computerised versions of the local food tables for the
threedifferent countries.15"18
The underlying cause of death of those who died during follow-up was
established centrally by two investigators (HB and AM). They reviewed information
from clinical records,from family doctors,specialists, relatives andfrom other useful
sources,collected by local investigators. Usually the official cause ofdeathfrom the
death certificate was not considered or only used as a preliminary indication.
Primary mortality was coded according to the 8th revision of the International
Classification of Diseases (COPD=ICD491-493).
Pulmonary function was measured by spirometry. Equipment and protocols
differed between the countries, but were identical among cohorts in a country, as
described earlier.19 In short; Forced Expiratory Volume in 0.75 seconds (FEV0.75)
was measured in Finland and Italy. In both countries a noseclip was used, but the
Finnish subjects were measured in a sitting and the Italian subjects in a standing
position. Inthe Dutch cohort of Zutphen, Forced Expiratory Volume in one second
(FEV1)was measured with subjects sitting inan upright position. Inall countries the
FEV0.75 orFEV!wasestablished inthreeattempts.
Information on age, height, weight and smoking was collected in a standardised
way.13 Body Mass Index (BMI) was calculated (weight/height2). Pack years were
calculated asthe product of the number of years smoked and the number of packs
of cigarettes smoked per day (for details see ref. 19).A package of cigarettes was
assumedtocontain25cigarettes.
Statistical Analyses
To assess the longitudinal relation between baseline alcohol consumption
(around 1970)and20-yr COPDmortality GAIM-software20was usedtofit anadditive
Cox's proportional hazards model,fittingalcoholand packyearsofsmokingascubic
smoothing splines with 8 degrees of freedom. Relative risks were calculated from
the smoothed coefficients by taking the exponent after subtracting the value of the
smoothed coefficientforthe referencegroup(thenon-drinkers).
Subsequently, the number of alcohol drinks consumed was categorised into 5
levels:none,<1perweek (occasional),> 1perweek and<3perday(light),>3and
< 9 per day and >9 per day. A drink was assumed to contain 10grams ofalcohol.
The Cox Proportional Hazard Model (SAS procedure PHREG) was now used to
determine the relative risk of COPD mortality in the different categories of alcohol
consumption,againwiththe non-drinkers asareference.
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In analyses concerning COPD mortality, age, body mass index (BMI), energy
intake, pack years of smoking and country were considered as potential
confounders. In the model used for smoothing the mortality data, country was
included as a categorical variable. In the subsequent analyses adjustment for
country was carried out by calculating a pooled relative risk, using the strata option
ofthe PHREGoption (SAS)that allows baseline hazards tovary between countries.
Although we used the term COPD, defined as chronic bronchitis and emphysema,
asthma does contribute to the mortality rates. Considering the overlap in clinical
features21 andthefact that inour study chronic bronchitis oremphysema was often
notedasthe secondary cause ofdeath inthe small number of caseswhere asthma
was reported asthe underlying cause of death,we decided against excluding them
fromtheanalysis. Finally,duetothesmallnumbers of COPDdeaths inthe separate
countriesastratified analysis could notbeperformed.
The relation between alcoholconsumption and pulmonaryfunction wasstudied in
the separate countries. In Finland and the Netherlands alcohol consumption was
generally low (mean < 1drink/day, more than 95%with < 3drinks/day) and in Italy
generally high(mean >8drinks/day, morethan 85%with >3drinks/day).Therefore,
none,occasional and light alcoholconsumptionwas studied inrelationto pulmonary
function inFinland andthe Netherlands and moderateto heavyalcohol consumption
(> 3 drinks per day) was studied in relation to pulmonary function in Italy. The
statistical package S-plus (2000) was used to create a smoothed spline-curve. We
useda modelwith FEV0.75 /HT2 or FEV1 /HT2 asthe dependent and age (years) as
an independent variable.19 Potential confounders considered in these analyses
were: BMI,energy intake and pack years of smoking. Pack years of smoking was
addedtothe model asasmoothing spline-variable. In Finland and Italy associations
were adjusted for cohort. For ease of interpretation the results are presented ageadjusted and in its original scale (FE\A|or FEV075 in ml)for amanofaverage height
(1.70meters).
In all analyses energy intake was defined as the energy derived from fats,
carbohydrates and proteins, and not from alcohol. To study whether the effect of
alcohol was independent of that of other dietary factors potentially associated with
COPD (i.e. vitamin C, vitamin E, R-carotene, fruits, vegetables and fish) these
variables were added to the adjusted models.Analyses stratified by smoking status
(non-, former or current smoker) were not possible due to small numbers in several
cells.
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Results
Alcoholconsumption around1970and20-yrCOPDmortality
Alcohol consumption around 1970 was relatively low in Finland and the
Netherlands (mean < 1drink/day) and relatively high in Italy (mean > 8 drinks/day).
During 20-yrs of follow-up 1,729 men or 58.6% of the study population died.
Seventy-three (2.5%) of the men died from COPD, with rates varying from 2.0 to
3.4%betweenthethreecountries (table2).

Table2:

Description of the study population for the analyses on baseline alcohol
consumption (around 1970) and 20-yr COPD mortality in middle agedmen
fromthreeEuropean countries.

Alcohol (g/day)
Smoking (pack years)
Age (yr.)
BMI (m/kg2)
Energy intake (MJ)*

Total mortality
COPD mortality

Finland
n = 1260
mean (SD)
6.5 (13.0)
21.4 (17.0)
59.1 (5.5)
24.8 (3.8)
15.4 (4.6)
deaths
n (%)
784 (62.2)
31 (2.5)

Italy
n = 1135
mean (SD)
82.1 (57.7)
13.8 (13.9)
59.3 (4.9)
26.0 (3.9)
9.9 (2.7)
deaths
n (%)
630 (55.5)
23 (2.0)

Netherlands
n = 558
mean(SD)
9.4 (13.5)
20.2 (15.2)
59.6 (5.4)
25.1 (2.7)
10.7 (2.2)
deaths
n (%)
315(56.5)
19(3.4)

Total
n =2953
mean (SD)
36.1 (52.0)
18.2 (15.9)
59.3 (5.3)
25.3 (3.7)
12.4 (4.4)
deaths
n (%)
1729 (58.6)
73 (2.5)

'energyderivedfromfats,carbohydratesand proteins,andnotfrom alcohol.
In never, former and current smokers at baseline, the 20-yr COPD mortality rate
was 0.6, 1.7 and 2.2 per 1000 person years, respectively. After adjustment for age,
BMIandenergy intake,packyears of smokingwas positively associated with COPD
mortality (RR = 1.08 per 5 pack years, 95%CI = 1.01 to 1.16).Alcohol consumption
was positively associated with smoking, with the average number of pack years
smoked increasing from 14.7 in non-drinkers to 22.1 in those consuming >9 drinks
perday orwith 1.9pack years per category of alcohol consumption (95%CI =1.3to
2.5)
Figure 1gives both the smoothed curve and a bargraph of the adjusted relative
risk of dying from COPD for those consuming alcohol compared to non-drinkers at
baseline. Inthose consuming morethan 9drinks per day (not shown infigure 1)the
RR was 1.14 (95%CI = 0.33 to 3.89). A U-shaped curve was observed, with the
lowest riskforthosewithalightalcoholconsumption (=>1.4and<30g/day).
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Figure 1:

Smoothed spline-curve and bargraph of the adjusted relative risk of
dying from COPD during 20-years offollow-up for middle aged drinkers
(up to 9 alcoholic drinks (=90 g) per day) compared to non-drinkers at
baseline. Adjustments were made for age, body mass index, pack years of
smoking (smoothed) andenergy intake. Innon-drinkers 21caseswere observed
(9196 personyears), in occasional drinkers 8, in light drinkers 20 and in those
consuming30-90g/day 15caseswereobserved

Compared to the non- and occasional drinkers, the relative risk of 20-yr COPD
mortality was 0.60 (95%CI = 0.33 to 1.09) in the light drinkers and 1.25 (95%CI =
0.47 to 3.31) in those with a higher alcohol consumption, after adjustment for all
potential confounders. Additional adjustment for the effects of intake of antioxidant
vitamins, vegetables or fish had no effect. However, adjustment for fruit intake
changed the observed RR's to 0.68 (95%CI = 0.36 to 1.26) and 1.58 (95%CI = 0.54
to 4.64), respectively. The energy-adjusted fruit consumption was on average 98,
186 and 202 g/day for the three compared groups. Finally, after exclusion of deaths
in the first 3 years of follow-up, to evaluate the potential effect of subjects with
advanced COPD at baseline refraining from drinking, the RR's were 0.59 (95%CI =
0.32 to 1.08) and 1.18 (95%CI = 0.42 to 3.30).
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Alcohol and pulmonary function at baseline
The relation between alcohol consumption and pulmonary function was studied in
1186 Finnish men (examined in 1969) and 667 Dutch men (examined in 1965)
consuming up to 3 drinks per day (=30 g). Furthermore, 1183 Italian men (examined
in 1965) consuming more than 3 drinks per day were studied. The average alcohol
consumption was 4.2, 5.3 and 98.9 g/day in Finland, the Netherlands and Italy,
respectively. The Finnish men were on average 5 years older than the Dutch and
Italian men (table 4).

Table4:

Description of the study populations for the cross-sectional analyses on
alcohol consumption and pulmonary function in middle aged menfrom three
Europeancountries.

Alcohol (g/day)
Smoking (pack years)
Age (yr.)
Height (m)
BMI(kg/m2)
Energy intake(MJ)*

Finland, 1969
n = 1186
mean(SD)
4.2 (6.5)
21.1 (16.7)
59.1 (5.5)
1.70 (0.06)
24.8 (3.8)
15.2 (4.5)

Italy, 1965
n = 1183
mean(SD)
98.8 (54.6)
15.4 (15.1)
54.5 (5.0)
1.66 (0.06)
25.7 (3.8)
10.1 (2.5)

Netherlands, 1965
n = 667
mean(SD)
5.3 (7.2)
19.2 (13.8)
54.8 (5.5)
1.74 (0.07)
24.7 (2.7)
12.3 (2.7)

* energyderivedfromfats,carbohydrates andproteins,andnotfromalcohol.

Table 5:

Mean (SE) level of pulmonary function according to alcohol consumption in
middle aged menfromthree Europeancountries.

alcohol
consumption
(g/day)
0
>0, <1.4
>1.4, <30
> 30,<90
>90

Finland, 1969
FEV0.75 (ml)*
n mean (SE)
461 2661 (31)
166 2720 (51)
387 2702 (34)

—
-

—
--

—
-

Netherlands, 1965
FEV,(ml)*
n mean (SE)
265 2776 (36)
40 2946 (94)
236 2855 (39)

—
--

—
-

—
-

Italy,1965
FEVo.76(ml)*
n mean (SE)

—
—

—
-

—

627
556

2855
2839

(26)
(27)

meanFEV075orFEV, valuesadjustedforheightandageandpresentedinitsoriginalscale
(ml) foramanofaverageheight(1.70m)

Cigarette smoking (per pack year) was inversely associated with the FEV0.75 in
Finland (B= -5.3 ml, 95%CI = -7.6 to -3.0) and Italy ( B=-5.8 ml,95%CI = -8.2 to
-3.4) and with the FEVi in the Netherlands (B = -5.6 ml, 95%CI = -8.9 to -2.4).
Smoking was positively associated with alcohol consumption: the average number of
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packyears smokedwas 18.9and 16.9 inthe non-drinkers and23.7and20.8 in light
drinkers in Finland and the Netherlands, respectively. In Italy those consuming less
than 9drinks per day smoked on average 13.2 pack years and those with a higher
alcoholconsumption onaverage 17.9packyears.
Table 5 gives the mean level of FEVi or FEV0.75 for the different categories of
alcoholconsumption.The smoothed splinecurves infigure 2 indicatethat in Finland
and the Netherlands pulmonary function was higher in occasional and light drinkers
(>0and<30g/day) comparedto non-drinkers. InFinlandtheobserveddifference in
FEV0.75 was 64 ml (95%CI = -12 to 141) and in the Netherlands the observed
difference in FEViwas 94 ml(95%CI =2to 186). In Italy, very heavydrinkers hada
lower FEV0.75t.hanmoderate-to-heavy drinkers (>3, <12 drinks/day) (figure 2). The
observeddifference inFEV0.75was98ml(95%CI=8to 187).

Figure2:

Alcohol consumption in relation to pulmonary function inmiddleaged
menfromthreeEuropeancountries.Adjustmentsweremadeforage, height,
smoking, energyintake,bodymassindexand cohort(forFinland andItalyonly).
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Finally, additional adjustment for intake of other dietary factors (antioxidant
vitamins,fruits, vegetables orfish) or only including the men aged 50-64 years (the
age-range included in all three countries) did not alter the association between
alcohol and pulmonary function in the Netherlands or Italy. In Finland, however,
adjustmentforfruit intakereducedtheobservedeffectfrom64to51ml(95%CI=
-31 to 133),while excluding those aged 64 to 69 years reduced the effect to 53 ml
(95%CI=-31to 137).

Discussion
Weobserved a U-shaped curve between baseline alcoholconsumption and 20-yr
COPDmortality inmiddleagedmenfrom Finland,Italyandthe Netherlands,withthe
lowest risk inthosewitha lightalcoholconsumption (>1drink/wkand<3drinks/day).
Compared to the non- and occasional drinkers, the relative risk of 20-yr COPD
mortalitywas0.60 (95%CI =0.33-1.09) inthe lightdrinkersand 1.25 (95%CI=0.473.31) in those with a higher level of alcohol consumption, after adjustment for
potential confounders. A similar effect of alcohol consumption was observed for
pulmonary function. In the two countries with a generally low alcohol consumption,
pulmonary function was higher in occasional and light (up to 3 drinks per day)
comparedto non-drinkers.Theobserveddifferences were64mlinFEV0.75(95%CI=
-12 to 141) in Finland and 94 ml in FEVi (95%CI = 2 to 186) inthe Netherlands. In
Italywithagenerally highalcoholconsumption,the FEV0.75was98ml(95%CI =8to
187) lower in very heavy drinkers (>12 drinks/day) compared to moderate-to-heavy
drinkers (>3and<12drinks/day).
Toour knowledge noprior longitudinal study hasfocused onalcohol consumption
and COPD mortality. Thun,et al.3 reported noconsistent association between death
from the wider category of all respiratory causes and alcohol consumption.
Unfortunatelythedatawere notshown. Inastudy byDoll,etal.1 13-yrmortalityfrom
allrespiratory causes inmale Britishdoctors seemedtobelower inthose consuming
1to21drinks perweek (1.3to 1.7 per 1000men) comparedto non-drinkers (2.0per
1000 men) and seemed to increase at higher levels of alcohol consumption (2.5 to
3.5 per 1000men).This iswellinaccordancewithourfindings.
Inthe Dutchcohort a lower risk of25-yr incidence ofchronic lungdisease inmen
with a light-to-moderate alcohol consumption compared to non-drinkers was
reported earlier.8 Also in other studies indications for a beneficial effect of alcohol
consumption on COPD related outcomes were observed.7,9 In two large
epidemiological studies no cross-sectional association between light-to-moderate
alcohol consumption and airway obstruction was observed.7,22 However, in these

AlcoholandCOPD
studies the results were not shown for non-drinkers and occasional drinkers
separately.
Our data on COPD mortality did not show a detrimental effect of heavy alcohol
consumption. In those consuming more than 9 drinks per day the COPD mortality
ratewascomparabletothe rate inthe non-drinkers. Studies inalcoholics, showinga
high prevalence of obstructive lung disease, have suggested adetrimental effect of
heavy alcohol consumption on the lungs.10"12 Possibly wewere unable to detect an
increase in COPD mortality risk in subjects with very high intakes (e.g. > 12 drinks
per day), as suggested by the pulmonary function data in Italy, due to the relatively
small numberofobservations inthisrangeofalcoholconsumption.
Whether the beneficial effect of light alcohol consumption compared to not
drinking alcohol regularly is caused by adirect effect of alcohol or by a confounding
effect of ill-health among ex-drinkers23 or by differences in other characteristics
between the men in the different categories of alcohol consumption, remains to be
clarified. A direct protective effect of alcohol is possible, since various inhibitory
effects of alcohol on inflammatory cells have been described.24"27Theoretically it is
also possible that subjects with advanced COPD at baseline refrained from drinking
alcohol.The resultwould beahigher COPDmortality among non-drinkers inthefirst
years offollow-up. To address this,we repeated the analysis after excluding deaths
inthefirst three years offollow-up. The difference in COPD mortality between nonandoccasionaldrinkersand lightdrinkers remained,however,unchanged.
Cigarette smoking, the main risk factor for COPD, is positively associated with
alcohol consumption,2"4 also in the present study. Therefore, residual confounding
by smoking may partly obscure the positive effect of light alcohol consumption and
may leadtoover-estimation ofthe negativeeffect of heavieralcoholconsumption on
COPD. Unfortunatelythe numbers of neversmokers inthesestudy populations were
toosmallto limittheanalysestothissubgroup.
Inthe final models we adjusted for intake of dietary factors potentially associated
with COPD28 and observed a small confounding effect of fruit on the association
between alcohol consumption and COPD mortality and on the association between
alcoholand pulmonary function inFinland. However, residual confounding byfruit or
the other dietary factors due to misclassification of dietary intake cannot be
excluded.
Inconclusion,we observed a U-shaped curve between alcohol consumption and
20-yr COPD mortality in middle aged men that was supported by cross-sectional
data on alcohol and pulmonary function. The lowest COPD mortality, and the
highest level of pulmonary function, was observed in men with a low alcohol
consumption (upto3drinks perday).

61_

62

Chapter 4

References
1. Doll R, Peto R, Hall E, et al. Mortality in relation to consumption of alcohol: 13 years'
observations onmale Britishdoctors. BMJ 1994;309:911-8.
2. Fuchs CS, Stampfer MJ, Colditz GA, et al. Alcohol consumption and mortality among
women. NEnglJMed 1995;332:1245-50.
3. Thun MJ, Peto R, Lopez AD, et al. Alcohol consumption and mortality among middleagedandelderly U.S. adults. NEnglJMed 1997;337:1705-14.
4. Stampfer MJ, Colditz GA, Willett WC, et al. A prospective study of moderate alcohol
consumption and the risk of coronary disease and stroke in women. N Engl J Med
1988;319:267-73.
5. Friedman LA, KimballAW. Coronary heart disease mortality andalcohol consumption in
Framingham.Am JEpidemiol 1986;124:481-9.
6. Rimm EB,Giovannuchi EL,Willett WC, et al. Prospective study of alcohol consumption
andrisk of coronary disease inmen.Lancet 1991;338:464-8.
7. Cohen BH, Celentano DD, Chase GA, et al. Alcohol consumption and airway
obstruction.Am Rev Respir Dis 1980;121:205-15.
8. Miedema I, Feskens EJM, Heederik D, et al. Dietary determinants of long-term
incidence of chronic nonspecific lung disease; The Zutphen study. Am J Epidemiol
1993;138:37-45.
9. Pratt PC, Volmer RT. The beneficial effect of alcohol consumption on the prevalence
and extent of centrilobular emphysema; a retrospective autopsy analysis. Chest 1984;
85:372-7.
10. Burch GE, Pasquale NP.Alcoholic lung disease - An hypothesis. Am Heart J 1967;73:
147-8.
11. Banner AS. Pulmonary function in chronic alcoholism. Am Rev Respir Dis 1973;108:
851-7.
12. Emergil C, Sobol BJ, Heymann B, et al. Pulmonary function in alcoholics. Am J Med
1974;57:69-77.
13. Keys A, Aravanis C, Blackburn H, et al. Epidemiological studies related to coronary
heart disease: characteristics of men aged 40-59 in seven countries. Acta Med Scand
1967;460:S1-392.
14. Burke BS.The dietary history asatool inresearch.JAm DietAssoc 1947;23:1041-6.
15. Den Hartog C, Van Schaik ThFSM, Dalderup LM, et al. The diet of volunteers
participating in a long term epidemiological field survey on coronary heart disease at
Zutphen,The Netherlands.Voeding 1965;26:184-208.
16. Hautvast JGAJ.Commissie uniforme codering voedingsenquetes; ontwikkeling van een
systeem om gegevens van voedingsenquetes met behulp van de computer te
verwerken.Voeding1975;36:356-61.
17. Pekkarinen M. Dietary surveys in connection with coronary heart disease studies in
Finland. In New trends in nutrition, lipid research, and cardiovascular diseases, Bazan
NG, Paoletti R, lacono JM eds, pp243-261. New York: Alan R Liss, Inc.,1981(Current
Topics in Nutrition andDisease,Vol5)
18. Alberti-Fidanza A, Seccareccia F, Torsello Set al. Diet oftwo rural population groups of
middle-aged menin Italy. IntJVitam Nutr Res 1988;58:442-51.
19. Grievink L, Smit HA,Ocke MC,etal.Dietary intake of antioxidant (pro)-vitamins,
respiratory symptoms and pulmonary function:the MORGEN study. Thorax 1998;53:
166-71.

Alcohol and COPD
20. HastieTJ,Tibshirani RJ.Generalized additive models. 1stedition. London,Chapman &
Hall, 1990
21. Snider GL. Emphysema: The first two centuries-and beyond; a historical overview, with
suggestions forfuture research:part 2.Am Rev Respir Dis 1992;146:1615-1622.
22. Sparrow D, Rosner B, Cohen M, et al. Alcohol consumption and pulmonary function: a
cross-sectional andlongitudinal study.Am Rev Respir Dis 1983;127:735-8.
23. ShaperAG. Alcohol and mortality: areview of prospective studies. Br JAddict 1990;85:
837-47.
24. Astry CL,Warr GA, Jakab GJ. Impairment of polymorphonuclear leukocyte immigration
as a mechanism of alcohol-induced suppression of pulmonary antibacterial defenses.
Am Rev Respir Dis 1983;128:113-7.
25. MacGregor RR, Safford M, Shalit M. Effect of ethanol on functions required for the
delivery of neutrophils to sites of inflammation.J Infect Dis 1988;157:682-9.
26. Maxwell WJ, Keating JJ, Hogan FP, et al. Prostaglandin E2 and leukotriene B4
synthesis byperipheral leucocytes inalcoholics. Gut 1989;30:1270-4.
27. RettoriV, McCann SM. Role of nitric oxide and alcohol on gonadotropin release invitro
andinvivo.Ann NYAcadSci 1998;840:185-93.
28. Smit HA, Grievink L, Tabak C. Dietary influences on chronic obstructive lung disease
andasthma:areviewoftheepidemiological evidence. Proc Nutr Soc 1999;58:309-19.

63_

Chapter

5

Dietaryfactorsandpulmonaryfunction:
across-sectionalstudyinmiddle-agedmen
fromthree European countries

Publishedas:
TabakC,SmitHA,Rasanen L, Fidanza F, MenottiA, NissinenA, FeskensEJM,
Heederik D,KromhoutD.Dietaryfactors andpulmonaryfunction:a cross-sectional
study inmiddle-aged menfromthreeEuropeancountries.Thorax1999;54:10211026.

66

Chapter5

Abstract
Background:Results of epidemiological studies relating individual dietary factors to
COPD are inconsistent. To evaluate the cross-sectional association of dietary
factors with pulmonary function, we used data collected in middle-aged men from
three Europeancountries.
Methods:The data were collected inthe 1960's in Finland (n=1248), Italy (n=1386),
and the Netherlands (n=691). Dietary intake was estimated using the cross-check
dietary history method. Pulmonary function (FEV0.75or FEV1, here called FEV) was
measured by spirometry. Associations were adjusted for age, height, smoking, BMI,
alcoholconsumption andenergyintake.
Results:FEV was positively associated with intake of vitamin E in Finland,fruits in
Italy and B-carotene in the Netherlands. In all three countries, men with intake of
bothfruitsandvegetablesabovethe median hadahigher FEVthanthosewithalow
intake of both foods. The difference in FEV ranged from 110 to 169ml before and
from 53 to 118ml after energy adjustment. FEV differences for intake of three
antioxidants abovevs.belowthe median rangedfrom 61to 181ml beforeandfrom35to58mlafter energyadjustment. Fish intakewasnotassociatedwith FEV.
Conclusions: Inthree European countries a high intake offruits and vegetables was
positively associated with pulmonary function.A high intake of allthree antioxidants
tended to be positively associated with pulmonary function before, but not after
adjustment for energy intake. Associations of individual antioxidant factors with
pulmonaryfunctionwere notconsistent acrosscountries.
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Introduction
Several epidemiological studies have investigated the relation between diet and
Chronic Obstructive Pulmonary Disease (COPD). A possible protective effect
against the development of respiratory symptoms, diagnosed COPD or a decline in
pulmonary function has been observed for dietary antioxidants1"9 and/or fruits10"13
and for n-3 fatty acids and/or fish intake.14"16 Antioxidants and foods rich in
antioxidants, like fruits, are thought to protect the airways against oxidant-mediated
damage17, while the n-3 fatty acids mainly present in fish are thought to have antiinflammatory effectsthroughtheir influence onthearachidonic acidmetabolism.18
The results of studies investigating the relation between antioxidant factors and
COPD related outcomes are not consistent. The results vary by the different
outcomes studied,whether intake or plasma-levels of antioxidants were studied and
whether only dietary intake of antioxidants or also intake from supplements was
included.
Observed associations between intake of antioxidants from diet only and
pulmonary function are reasonably consistent with regard to vitamin C and fruit
intake.1"3,6,8"13 The two studies3,8 not observing a statistically significant association
of pulmonary function with vitamin C and fruit or fruit and vegetable intake were
characterised byasmallnumber ofsubjects (n=178)3orcases (=obstruction,n=95)8.
With regard to dietary intake of vitamin E or Pi-carotene the results of different
studies are not consistent. Dow et al.3 observed a positive association between
vitamin E intake and pulmonary function, but no association was observed in two
other studies.2,6 B-carotene was positively associated with FEVi and FVC in the
study byGrievinket al.6, but notintheonebyChuwers,etal.5
The magnitude of the effect of individual dietary factors on pulmonary function
observed so far is small.19Therefore, a small amount of misclassification of dietary
intake may have a substantial effect on the studied associations. Furthermore, one
dietaryfactorwithantioxidant capacity maynotbeagoodindicator ofthe antioxidant
status inthe lungs relatedtodiet. Therefore, itmaybe betterto study thejoint effect
ofseveralantioxidantfactors onpulmonaryfunction.
Inthe 1960's data on pulmonary function and diet were collected in Finland, Italy
andthe Netherlands according tothe Seven Countries Study protocol.20We studied
pulmonary function in relation to dietary intake of antioxidant (pro-)vitamins, fruits,
vegetables and fish. Furthermore the hypothesis wastested whether thejoint effect
of either fruits and vegetables or the antioxidant vitamins was more consistent
acrossthecountriesthaneffects observedwiththe individualdietaryfactors.

68

Chapter 5

Materialsandmethods
Study population
Around 1960 sixteen population samples of men aged 40-59 years from seven
countries were enrolled and examined at baseline for the Seven Countries Study.20
The men were re-examined 5 and 10 years after baseline. A summary of the datacollection inthe three countries is given intable 1.

Table 1:

Data-collection at baseline andatthere-examinations after 5and 10yearsof
follow-up inthe Finnish, Italian andDutch participants ofthe Seven Countries
Study.

Examination 1 (baseline)
Yearof examination
Age range (yr.)
No.of examined men
Response rate (%)
Data ondiet (n)
Data onpulmonary function (n)
Examination2(5yearfollow-up)
Year of examination
Age range (yr.)
No. ofexamined men
Response rate (% of survivors)
Data ondiet (n)
Data onpulmonary function (n)
Usedinpresent analysis (n)
Examination3(10yearfollow-up)
Year ofexamination
Age range (yr.)
No.of examined men
Response rate (% ofsurvivors)
Dataondiet (n)
Dataon pulmonary function (n)
Used inpresent analysis (n)
— =data notavailable

Finland

Italy

1959
40-59
1,677
98

1960
40-59
1,712
99

1,614

1,646

1964
45-64
1,531
97

1965
45-64
1,548
95
1,539
1,394
1,386

1,491

1969
50-69
1,363
95
1,306
1,325
1,248

1970
50-69
1,335
88
592*
1,069

Netherlands
1960
40-59
872
80

1965
45-64
778
93
721
694
691
1970
50-69
701
91
615

*onlymeasured inCrevalcore

Information on pulmonary function and dietary intake was only available for the
two Finnish cohorts in 1969 and for the two Italian and the Dutch cohort in 1965. In
Finland one cohort was situated in rural east Finland, close to the Russian border,
and the other in a rural area inthe west of Finland.The Italian cohorts consisted of
men living in Montegiorgio and Crevalcore, two rural villages in respectively central
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and northern Italy.Thefifth cohortcomprised ofmenfromZutphen,asmall
commercialtown intheeastofthe Netherlands.
Complete data on diet, pulmonary function, and potential confounders was
available on 1248, 1386 and 691 men in Finland, Italy and the Netherlands,
respectively. In these countries data on pulmonary function were missing for
respectively 29, 149 and 28 men. Some men were excluded from spirometry
because they suffered from severe conditions, including COPD, as judged by the
examining physician. The men with missing lung function data had a lower energy
intake than those with a complete record in all three countries and energy-adjusted
intakeoffruitsand/or vitaminCtendedtobelower.
Examinations
Food intake was estimated using the cross-check dietary history method,
providing information aboutthe usualfood consumption pattern sixtotwelve months
preceding the interview.21 All interviews were carried out by extensively trained
dieticians and nutritionists. Although the dietary history method was adapted to the
local situation in each specific country, the methodology was comparable. The
nutrient intake was assessed using computerised versions of the local food tables
forthethreedifferent countries.22"24
Pulmonary function was measured by spirometry. Equipment and protocols
differed betweenthe countries, butwhere identical among cohorts inone country. In
Finland Forced Expiratory Volume in 0.75 seconds (FEV0.75) was measured with a
McKerrowspirometer. Subjectsweremeasured inasitting positionandwith useofa
noseclip. The FEV0.75 was established in three attempts. In Italy FEV0.75 was
measured with a Pulmonor Jones spirometer. The subjects were standing and a
noseclip was used.The highestvaluefor FEV0.75,produced intwoorthreeattempts,
hasbeen usedintheanalyses. Inthe Netherlands, Forced ExpiratoryVolume inone
second (FEV^wasmeasuredwith aGodart Pulmotest byonetechnician.25Subjects
were measured sitting in an upright position. The mean of the two highest values
FEV1, established inthree attempts, was used.Assuming that the relation with diet
is not different for FEV0.75and FEVi, the term FEV,without further specification,will
beused.
Information onage,height,weight,smoking andwork related physicalactivitywas
collected in a standardised way.20 BMI was calculated (weight/ height2) and work
related activity levelwasdefined as 1=bedridden,2=sedentary, 3=moderately active
and 4=hard physicalwork. Pack years of smoking were calculated asthe product of
the number ofyearssmokedandthe numberofpacksofcigarettes smoked perday.
Former and current smokers indicated the number of cigarettes smoked: 1-4, 5-9,
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10-19, 20-29, > 30 cigarettes/day and the midpoints of these categories (2, 7, 15,
25, 35) were used inthe calculations. Former smokers were also asked to indicate
how many years ago they stopped smoking. Itwas assumed that in all cohorts the
men started smoking at the age of 16, as knownforthe Zutphen cohort.A package
ofcigaretteswasassumedtocontain 25cigarettes.
Statistical Analyses
The cross-sectional relation between FEVanddietary factors was analysed using
multiple linear regression analysis. Several models for the dependence of FEV on
height and agewere evaluated. Considered were models with FEV, its logarithm or
FEV divided by height squared (FEV/ HT2) asthe dependent variable and different
forms and combinations of height and/or age as the independent variables.
Selection of the 'best' model was based on model simplicity, on the percentage of
explained variance and on inspection of residuals. The most parsimonious model
with FEV/HT2asthedependent and ageasan independent variable was chosen.In
Finlandand Italy allassociations were adjustedfor cohort. Forease of interpretation
the resultsarepresented age-adjusted and initsoriginalscale (FEV inml)for aman
ofaverage height (1.70m).
Fruit consumption was defined as intake of all fresh and canned fruits and fruit
juices.Vegetable intake did not included intake of potatoes and legumes. Individual
dietary factors were studied as continuous variables, since in analyses using
quintiles of intake no indications for non-linear relationships with FEV were
observed. High antioxidant intake was defined as intake of all three antioxidants
above the median, and low antioxidant intake as intake of the three antioxidants
belowthemedian.Likewise highand lowintakeoffruits andvegetableswasdefined
asintakeofbothfoods respectively aboveorbelowthemedian.
Smoking, BMI, alcohol consumption and energy intake were considered to be
potential confounders. Energy intake was defined as the energy not derived from
alcohol. To adjust for energy intake both the energy adjusted dietary factor and
energy intake were included in the model according to Rothman.26 Analyses
stratified by smoking status (never, former, current smokers) were not possible due
to small numbers in several cells. All analyses were performed using the SAS
statistical package (windowsversion 6.11, Cary,USA).

Results
Intake of the different dietary factors showed a broad range across countries.
Intake of vegetables, for instance, was highest in the Netherlands (mean = 176 g)
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and lowest in Italy (mean = 53 g). The Finnish men were on average 5 years older
thanthe Italianand Dutch men(table2).
Smoking was inversely associated with FEV in all countries (B = -5 to -6
ml/packyr, p<0.001). Energy intake was positively associated with FEV, after
adjustment for smoking,alcohol consumption, BMIandwork related activity level,in
Finland (B= 14ml/MJ, p<0.001) and in Italy (B= 34ml/MJ, p<0.001), but not inthe
Netherlands (B=5ml/MJ,p=0.54). Energy intakeshowed apositive associationwith
vitamin Eintake inallthreecountries andwithvitaminCintake inFinlandand Italy(r
= 0.34-0.73,p<0.001).

Table2:

Characteristicsofthestudypopulationexaminedin1969intheFinnishandin
1965intheItalianandDutchcohortsoftheSevenCountriesstudy.

Age (yr.)
Height(m)
Smoking (packyears)
BMI (kg/m2)
Alcohol (g)
Total Energy Intake (MJ)
Energy excl. alcohol (MJ)
FEV* (ml)
VitaminC(mg)
Vitamin E(mg)
B-carotene (mg
Fruits (g)
Vegetables (g)
Fish(g)

Finland
n = 1248
mean (SD)
59.0 (5.5)
1.70 (0.06)
21.4 (17.0)
24.7 (3.8)
6.5 (13.0)
15.6 (4.7)
15.4 (4.6)
2703 (733)
91.7 (35.3)
6.7 (2.4)
2.0 (1.9)
174 (183)
79 (60)
39 (46)

Italy
n = 1386
mean (SD)
54.5 (5.0)
1.66 (0.06)
15.1 (15.0)
25.8 (3.8)
86.8 (58.3)
12.5 (3.1)
10.0 (2.6)
2742 (719)
45.9 (24.0)
**9.9 (3.6)
**0.8 (0.6)
191(180)
53 (50)
21 (20)

Netherlands
n = 691
mean (SD)
54.8 (5.5)
1.74 (0.07)
19.5 (13.9)
24.8 (2.7)
6.8 (12.5)
12.4 (2.7)
12.2 (2.8)
2960 (699)
91.8 (39.5)
17.9 (6.6)
1.1 (0.4)
152 (109)
176 (69)
17 (23)

In Finland and ItalyFEV075 wasmeasured and inthe Netherlands FEVT
n= 1356

Intable 3the results of the regression analyses relating individual dietary factors
to FEVaregiven.FEVwas positively associatedwith intakeofvitamin Eandvitamin
C (p =0.05) in Finland,vitamin C,vitamin Eandfruits in Italy and B-carotene inthe
Netherlands, after adjustment for smoking, alcohol consumption and BMI. After
subsequent adjustments for energy intake the FEV remained positively associated
with intake of vitamin E in Finland,fruits in Italy and B-carotene in the Netherlands
(table3).
Fromthe data intable 2and 3the increase in FEV per SD increase inintake can
becalculated.After adjustmentforsmoking, alcoholconsumptionand BMI(modelb)
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for vitamin Cthe FEV increased with 37 ml per SD (95%CI =-0.3 to 74) in Finland
and with 53 ml (95%CI = 19 to 87) per SD in Italy. Similar figures with regard to
vitamin Eintake were respectively 93 (95%CI = 56 to 129) and 52 (95%CI = 15 to
89) ml/SDinFinlandand Italy.PerSDincrease infruit intakethe FEVincreasedwith
68ml(95%CI=28to 107) in Italy,with 59ml(95%CI=-22, 140) inFinland andwith
21ml(95%CI=-23to65) inthe Netherlands.

Table3:

The cross-sectional association between FEV1 and intake of antioxidants
(ml/mg),fruits(ml/g)orvegetables(ml/g)inmiddle-agedmenfromFinland
(n=1248),Italy(n=1386)andtheNetherlands(n=691).
Foods

Antioxidants
VitaminC
B (95%CI)

VitaminE
B(95%CI)

B-carotene
B (95%CI)

Fruits
B (95%CI)

Vegetables
B (95%CI)

Finland
modela 1.3(0.3to 2.4)
modelb 1.0 (-0.0 to 2.1)
modelc -0.5 (-1.7 to 0.7)

40 (25to55)
39 (24to54)
22 (1to 44)

1 (-18to21)
-3(-22to 16)
-16(-36to 4)

0.2 (0.0to 0.4)
0.3 (-0.1 to 0.8)
0.0 (-0.4 to 0.5)

0.1 (-0.5 to 0.7)
-0.0 (-0.6 to 0.6)
-0.5 (-1.1 to 0.2)

Italy
modela
modelb
modelc

14(4to25)
15(4to25)
-3(-15to 10)

26 (-31to 82)
29 (-27 to86)
1 (-56 to58)

0.4 (0.2to 0.6)
0.4 (0.2to 0.6)
0.3(0.1to 0.5)

0.5 (-0.2 to 1.2)
0.5 (-0.2 to 1.2)
0.2 (-0.5 to 0.9)

155(41to270)
144(31to257)
141(27to255)

0.3 (-0.1 to 0.7)
0.2 (-0.2 to 0.6)
0.2 (-0.2 to 0.6)

0.5 (-0.1 to 1.2)
0.5 (-0.1 to 1.1)
0.5 (-0.1 to 1.1)

2.4(1.0to 3.8)
2.2 (0.8to 3.6)
1.0 (-0.5 to 2.5)

Netherl.
modela 0.9 (-0.2 to 2.1)
modelb 0.7 (-0.4 to 1.8)
modelc 0.7 (-0.4 to 1.8)

-3(-10to4)
-3 (-9 to4)
-7(-15to2)

a adjustedforheightandage
b adjustedforheight, age,smoking,BMI and alcohol consumption
c adjustedforheight, age,smoking,BMI,alcoholconsumptionandenergyintake
1
InFinlandandItalyFEV0.75wasmeasuredand intheNetherlandsFEV,

Inallthree countries, FEVwas higher in menwith intake offruits and vegetables
above the median compared to those with intake of both foods below the median,
after adjustment for smoking, BMI and alcohol intake (table 4). Subsequent
adjustmentforenergy intake reducedtheobserved difference inFEVinFinland(110
-> 53 ml) and Italy (169 -> 118 ml), but not in the Netherlands (111 -> 110 ml). In
subjects with intake of vitamin C, vitamin E and S-carotene above the median
compared to those with intake of all three antioxidants below the median,the FEV
tendedto higherbefore,butnotafter adjustmentforenergy intake (table5).

Dietary factors and pulmonary function
Table4:
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Cross-sectional association between FEV(ml) andthecombined intakeof
fruits andvegetables inmiddle-aged meninthree European countries.
Difference inFEVi
between menwith intake abovevs.below the median
fruits
R(95%CI)

vegetables
U(95%CI)

bothfoods#
B(95%CI)

Finland
medianintake
above/belowmedian n=
modela
modelb
modelc

117g
624/624
117 (44, 190)
113 (33,193)
77 (-4, 158)

65g
622/626
48 (-25, 121)
27 (-46, 100)
-10 (-83,64)

375/377
130 (38,220)
110 (11,210)
53 (-50, 156)

Italy
medianintake
above/belowmediann=
modela
modelb
modelc

150g
657/729
125 (44,206)
121 (40,202)
95 (14,176)

42g
691/695
84 (11, 157)
70 (-3, 143)
48 (-24, 121)

278/316
194 (83,305)
169 (56,281)
118 (4,232)

Netherlands
median intake
above/belowmediann=
modela
modelb
modelc

131 g
344/347
45 (-43, 134)
28 (-59, 116)
29 (-59, 117)

165g
340/351
97 (9, 185)
84 (-3, 172)
83 (-4, 170)

189/196
131 (18,244)
111 (-3,224)
110 (-4,224)

# comparingthemenwithintakeofbothfruitsandvegetablesabovethemedianto
themenwithintakebothfoodsbelowthemedian
a adjustedforheightandage
b adjustedforheight,age,smoking,BMIandalcoholconsumption
c adjustedforheight,age,smoking,BMI, alcoholconsumptionandenergyintake

Fish intake showed no clear association with FEV. After adjustment for ail
potential confounders the association was inverse and borderline significant in
Finland (B = -0.87 ml/g, 95%CI = -1.73 to 0.00), while in the Netherlands no
association was observed (B = -0.90 ml/g, 95%CI = -2.78 to 0.97). In Italy the
association was positive and borderline significant before (S = 1.52, 95%CI = -0.17
to 3.22), but not after (B = 0.61, 95%CI = -1.11 to 2.33) adjustment for energy intake.
Intake of potatoes and margarine or oils, foods containing vitamin C or vitamin E,
was not associated with FEV. Bread consumption, however, was positively
associated with FEV after adjustment for all potential confounders in Finland (B =
0.35 ml/g,SE = 0.17), Italy (B = 0.41 ml/g, SE = 0.17) and the Netherlands (B = 0.57
ml/g, SE = 0.32). Average bread consumption was 253 g (SD = 134), 348 g (SD =
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Table 5:

Cross-sectional association between FEV (ml) and the combined intake of
antioxidants inmiddle-aged meninthree European countries.
Difference in FEV (ml)
between menwith intakeabovevs. below the median
vitaminC
B (95%CI)

vitaminE
B(95%CI)

B-carotene
B(95%CI)

antioxidants*
B(95%CI)

Finland
87 mg
medianintake
above/belown=
624/624
modela
96 (23to 169)
modelb
83(10to 157)
modelc
5 (-76to85)

6.4mg
624/624
132(58to 205)
125(53to 198)
23(-67to112)

1.37mg
624/624
59(-14to 132)
40(-33to 112)
6 (-67 to79)

284/280
206(96to 315)
181(71to291)
48(-110to 197)

Italy
median intake
above/belown=
modela
modelb
modelc

42 mg
692/694
63(-7 to 133)
58(-11 to 128)
10(-61 to81)

9.4 mg
678/678
34(-40to 108)
34(-40to 108)
-62 (-143 to 18)

0.65mg
678/678
45(-26to117)
52(-20to 123)
24 (-47 to96)

380/362
63(-48to174)
61 (-51 to 173)
-35 (-158 to 871)

Netherlands
median intake
above/belown=
modela
modelb
modelc

87 mg
344/347
9 (-80 to 97)
9 (-79 to 96)
7 (-81 to94)

17.6mg
345/346
-67 (-155 to22)
-60 (-147 to28)
-92 (-189to5)

1.07mg
345/346
138(50to227)
138(51 to225)
136(49to224)

110/116
95(-59 to249)
108(-42to257)
58(-116to 233)

# comparingthemenwithintakeofallthreeantioxidantsabovethemedianto
themenwithintakeofallthreeantioxidantsbelowthemedian
a adjustedforheightandage
b adjustedforheight,age,smoking,BMIandalcoholconsumption
c adjustedforheight,age,smoking,BMI,alcoholconsumptionandenergyintake

150) and 220 g (SD = 89) per day for Finland, Italy and the Netherlands,
respectively.
When only men aged 50-64 years, the age-range included in all three countries,
where used in the analyses the observed associations remained essentially
unchanged in Finland. In Italy and the Netherlands the observed associations
between individual dietary factors and FEV were generally somewhat stronger in the
older subgroup. As a result intake above vs. below the median of both fruits and
vegetables was statistically significantly associated with FEV in the Netherlands (B =
151 ml, SE =69).
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Discussion
In middle-aged men from three European countries, the observed difference in
FEVbetween menwith highvs. low intake of bothfruits andvegetables (joint effect)
rangedfrom 110to 169mlbeforeandfrom 53to 118mlafteradjustment for energy
intake. Likewise in men with a high intake of vitamin C, vitamin E and R-carotene
compared to those with low antioxidant intake a 61 to 181 ml difference was
observed before and a -35 to 58 ml difference after adjustment for energy intake.
Observed associations between individual dietary factors and pulmonary function
were not consistent across the countries. After adjustment for all potential
confounders, FEV was positively associated with intake of vitamin E in Finland,
intakeoffruits in ItalyandintakeofB-caroteneinthe Netherlands.
Thejoint effect offruits andvegetables, asdefined here, may be less susceptible
to misclassification of dietary intake and may reflect the effect of a more relevant
difference inexposure,resulting inthe moreconsistent andstronger associationwith
pulmonary function across the countries. The groups that were compared to
evaluatethejointeffectwere notextreme intheirfruitorvegetable intake.The larger
joint effect is therefore not caused by a larger difference in the fruit consumption
betweenthecomparedgroupsalone.
Our results concerning the combined intake of vitamin C, vitamin E and Picarotene are less clear. In the three countries antioxidant intake tended to be
positively associated with FEV before, but not after adjustment for energy intake.
Energy intake was strongly and positively associated with pulmonary function in
Finland and Italy, with a substantial effect on all observed associations. Energy
intake is, however, not a known risk factor for COPD. It is strongly associated with
physical activity, but physical activity, even training, does not affect lung volumes.27
Energy intake may stand for another, unknown, factor associated with diet and
pulmonaryfunction,but inthis casethefactor maybeanintermediatefactor and not
a confounder. Therefore, it is unclear whether the results are more valid either
adjustedorunadjusted forenergyintake.
In contrast to other studies,14"16 but in accordance with a study on the relation
between fish consumption and 25-yr incidence of chronic lung disease inthe Dutch
cohort11, we observed no clear association between fish intake and pulmonary
function.
Surprisingly, intake of bread was positively associated with FEV in all three
countries, with an increase of 47 to 62 ml FEV per SD increase in intake. An
association between whole grain consumption and chronic diseases has been
described by Slavin, et al.,28 one of the proposed biological mechanisms of action
being through the antioxidant capacity of several components of whole grains,
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includingvitamin E. Itwould beinterestingtostudythe relation betweenthe intakeof
whole grain products and COPD. Unfortunately, in our study information on the
intake of the different types of bread, e.g. white vs. wholemeal bread, was not
available.
A number of methodological aspects needto be addressed. First of all, this study
was cross-sectional in nature and therefore a temporal relation between diet and
pulmonary function cannot be established. Due to the relatively small number of
subjects in the different countries, especially in the Netherlands, the power of our
study may not be sufficient to detect small effects. Furthermore, although we
adjusted for pack years of cigarette smoking, residual confounding by smoking
cannot be excluded. Unfortunately it was not possible to repeat the analyses
separately in the never smokers due to small numbers. Also confounding by other
health related lifestyle factors cannot be excluded, although work related physical
activity, which can be seen as an indicator of socio-economic status, could not
explaintheobserved associations (results notshown).
The equipment used in the 1960's for measuring pulmonary function was less
sophisticated than modern equipment. However, several studies performed in the
1960's meet the current ATS reproducibility criteria.29,30 Due to the differences in
equipment and procedures used inthe different countries anddue tothefact that in
the Netherlands the FEVi was measured and notthe FEV075,the level of FEV can
not be compared between countries. Comparisons among men within the three
separatecountriesare,however,valid.
Vitamin C intake relativetothe amount offruits andvegetables ingested was low
in Italy compared to Finland and the Netherlands. In the Netherlands potatoes (not
included invegetable intake) arethe main source ofvitamin C,whilefor Finland this
canbeexplained bytheconsumption of unpealed potatoes andvitamin C-rich forest
berries.The relative amount ofvitamin Cderivedfromfruits is,therefore, likelyto be
highest in Italy. Other constituents of fruits, like for instance flavonoids may also
have a beneficial effect on pulmonary function. Whether this may explain the
stronger association between vitamin Cand pulmonary function observed in Italy is,
however, speculative. Unfortunately information on the flavonoid intake of the
studied menin 1965/1970was notavailable.
Inthe different countries 4 to 10%of the men were excluded from the analyses
due to missing pulmonary function data. Selection towards men with a better
pulmonary function may have occurred, since men with a severe illness, including
severe COPD, were excluded from spirometry. Furthermore, failure to perform an
adequate pulmonary function measurement can be an indicator of impaired
respiratory health.31Sinceenergy-adjusted fruit and/or vitamin Cintaketendedto be
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lower in men with missing pulmonary function data, this selection may have caused
these associations to be attenuated.
In conclusion, intake of both fruits and vegetables above the median intake was
positively associated with pulmonary function in three European countries. Intake of
the three studied antioxidants (vitamin C, vitamin E and B-carotene) above the
median tended to be positively associated with pulmonary function before, but not
after adjustment for energy intake. The associations of the individual dietary factors
with pulmonary function were not consistent across countries. We postulate that the
larger and more consistent joint effect of fruit and vegetable intake on pulmonary
function might be the result of studying a more relevant and more stable difference
in exposure.
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Abstract
Background:A protective effect offlavonoids against chronic lungdisease has been
suggested. To test this hypothesis we studied intake of catechins, flavonols and
flavones inrelationto pulmonaryfunction andCOPDsymptoms.
Methods:The study population consisted of 13,651 men and women aged 20-59
years from three Dutch cities examined in 1994-1997. Dietary intake was estimated
using a semi-quantitative food frequency questionnaire and flavonoid intake
calculated using specific food composition tables. Pulmonary function (FE\A|) was
measured by spirometry. The presence of COPD symptoms was determined by
questionnaire. Associations were adjusted for age, height (for FEVi only), gender,
smoking, body mass index and energy intake and presented for thefifth vs.thefirst
quintile ofintake.
Results:Average catechin,flavonol andflavone intake was 58 mg(SD=46) with tea
and apples as the main sources. Total catechin, flavonol and flavone intake was
positively associated with the FEVi (B= 44 ml, 95%CI = 18 to 69) and inversely
associated with chronic cough (OR = 0.80, 95%CI = 0.66 to 0.97) and
breathlessness (OR = 0.74, 95%CI = 0.58 to 0.94). Catechin intake was
independently associated with boththe FEV! (B= 130 ml,95%CI = 101to 159)and
allthree COPDsymptoms (OR = 0.60 to 0.72, p<0.001),while flavonol andflavone
intake was independently associated with chronic cough only. Solid fruit (=apples,
pears),butnottea, intakewasbeneficially associatedwithCOPD.
Conclusions:The results of this first study on intake of catechins, flavonols and
flavones inrelationtoCOPD,suggestabeneficialeffect ofahighintakeofcatechins
andofsolidfruits.Further research isrequiredtoconfirm ourfindings.
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Introduction
Recentepidemiological evidence hassuggested a protective effect ofdiets richin
flavonoids against cardiovascular diseases and possibly cancer.1"4 A protective
effect of flavonoids against chronic lung disease has been hypothesised by
Miedema,et al.5 They suggested that the stronger association with 25-yr incidence
of asthma and COPD observed for solid fruits (=apples, pears) than for other types
offruits,maybeduetothe highlevelofflavonoids inapples.
Flavonoids are polyphenols naturally occurring in plant foods. The main sources
in a western type diet are tea, fruits and vegetables.6 Flavonoids have been
observed to have both anti-inflammatory and anti-oxidative effects. By inhibiting
lipoxygenase and cyclo-oxygenase, two enzymes involved in the arachidonic acid
metabolism,flavonoids have been shownto reducethe production oftwo classes of
pro-inflammatory factors (i.e. prostaglandins and leukotrienes)4,7"9 involved in the
pathogenesis ofCOPD.Furthermore,ahigh intakeof otherdietary antioxidants,e.g.
vitamin C, has been observed to be beneficially associated with COPD related
outcomes.10
For three of the six flavonoid subclasses, i.e. catechins, flavonols and flavones,
data on their content in food are available.11"14 To determine whether they are
protective against COPD, we studied intake of these flavonoids in relation to
pulmonary function and COPD symptoms using data from 13,651 men and women
examined between 1994and 1997inthe MORGEN-study (the monitoring project on
riskfactors andhealth inthe Netherlands).

Methods
Subjectsandstudydesign
The MORGEN-study is across-sectional investigation into the prevalence of (risk
factors for) chronic diseases in the Dutch population. Each year a new random
sample of men and women aged 20-59 years from three towns (Amsterdam,
Doetinchem and Maastricht) was examined through self-administered
questionnaires and a physical examination. Between 1994 and 1997, 17,530
subjects were studied. Due to practical reasons 2,430 of these subjects did not
perform alungfunction measurement. Furthermore, those with missing data on diet
(n = 394) or potential confounders (n = 198),those with a technically unacceptable
or non-reproducible FEVi measurement (n = 775) and pregnant women (n = 82)
wereexcluded.Thus,thefinalstudypopulation consisted of 13,651subjects.
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Methods
The general questionnaire contained questions on demographic variables and
presence of (risk factors for) chronic diseases. The second questionnaire was a
semi-quantitative food frequency questionnaire, developed for the MORGEN-study
which ispartofthe EPICstudy (European Prospective Investigation into Cancer and
Nutrition).15"17 The habitual consumption of 178food items during the last year was
estimated. Solidfruit intake (=apples, pears) was calibrated usingdatafrom a single
24-hour recall collected in a sample (n = 2689) of the MORGEN-population.18
Vitamin C, B-caroteneand energy intakewere calculated usingthe 1996Dutchfood
composition table19 and intake of the studied flavonoids was calculated using
specific food composition tables.11"14 The physical examination included
measurement ofweight, height andpulmonaryfunction.
Questions on COPD symptoms were selected from the Dutch part of the
European Community Respiratory Health Survey.20"21 Chronic cough and chronic
phlegm were defined as coughing/bringing up phlegm during winter time on most
days for at least three months a year and breathlessness as shortness of breath
whenwalkingonlevelgroundwithpeopleofthesameage.
Pulmonary function measurements were performed by trained paramedics using
a heated pneumotachometer (Jaeger, Germany). Subjects were measured in a
sitting position and with use of a noseclip. Subjects had to achieve at least three
technically acceptable manoeuvres for measuring the forced expiratory volume in
onesecond (FEVi), ofwhichtwo hadto be reproducible according to ERScriteria.22
Themaximumvalueofthe reproducible manoeuvreswas usedintheanalysis.
Height (precision: 0.5cm) and weight (precision 0.1kg) were measured and the
Body Mass Index (BMI) calculated (weight/height2). Pack years of cigarette smoking
were calculated as the product of the number of years smoked and the average
numberofcigarettes smoked perday,divided by20.
Statisticalanalysis
All analyses were performed using the SAS statistical package (version 6.12,
Cary, USA). The relation between FEVi and dietary factors was studied using a
multiple linear regression model with FEVi divided by height squared as the
dependent, and age,age squared andgender as independent variables.23The lung
function results are presented in their original scale (ml) for an individual with a
standing height of 1.70m. Logistic regression analysis was used to study the
association between COPD symptoms and dietary factors. Potential confounders
considered were: age, gender, height (for pulmonary function only), BMI, alcohol
consumption, energy intake and smoking. Adding pack years and pack years
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squared tothe models gavethe best fit.Adjustment for alcoholconsumption did not
cause a relevant change in any of the studied associations and this factor was
therefore not used in the final analysis. Adjustment for educational level was not
performed,sincethis islikelyto leadtoover-adjustment ofthestudied associations.
Tea isthe maindietary sourceofthestudiedflavonoids.To reducethe correlation
between catechin intake and that of flavonols and flavones (from r>0.90 to r=0.55),
thereby allowing evaluation of independent effects, the intake of these substances
fromothersourcesthanteawascalculated.
All analyses were performed using quintiles of intake, since non-linearity was
observed. Four dummy-variables, withthe lowest quintile of intake asthe reference,
were added to the models and the difference in FEVi and COPD symptoms
presented for the fifth vs. the first quintile. To study the independent effects of
catechins and of flavonols and flavones not derived from tea, the representing
variableswereaddedtothemodels simultaneously.
A beneficial association of vitamin C and B-carotene intake with the FEVi in the
MORGEN-study, was reported earlier.23 No associations were observed with COPD
symptoms. To assess potential confounding by these variables on the studied
associations, they were added to the adjusted models. Finally, no clear effect
modification by smoking status (current, former, and never smokers) was observed
andthestratified resultsare,therefore, notpresented.

Results
The characteristics of the study population are described intable 1. Mean FEN^
was 3.6 litresand 16%ofthesubjects reportedoneore moreCOPDsymptoms.The
average numberof packyearssmokedwas 10.3(table1).

Table 1:

Descriptionofthestudypopulation(n=13651:theMORGEN-study)

Age (yr.)
Height (m)
BMI(kg/m2)
Smoking (pack years)
Energy intake (MJ)
FEV, (ml)

Mean
41.2
1.72
24.9
10.3
9.5
3586

SD
10.8
0.09
3.9
13.8
3.9
869

%
Gender (males)
Cough (yes)
Phlegm (yes)
Breathlessness (yes)
Oneor more COPDsymptoms (yes)

Average catechin, flavonol and flavone intake was 58 mg/day (SD = 46). The
main sources of catechins were tea (72%), apples (12%) and chocolate (4%), and

46
6
8
6
16
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the main sources of flavonols and flavones were tea (47%), apples (14%) and
onions (14%). Intake of catechins and intake of flavonols and flavones were highly
correlated (r >0.90). To be ableto study the independent effects, we calculated the
intake of catechins (mean = 12 mg/day, SD = 6) and of flavonols and flavones
(mean=8mg/day, SD=4)from othersourcesthantea (r=0.55).
Catechin,flavonol andflavone intakewas positively associated withage (B= 0.30
mg/year), gender (S = 14.6 mg) and energy intake (B= 1.6 mg/MJ) and inversely
associated with BMI (B = -0.57 mg/(m/kg2)) and pack years of smoking (B = -0.55
mg/py) (p<0.001). Smoking was inversely associated with the FEVi (S= -7.6 ml/py)
andpositivelyassociatedwithCOPDsymptoms (OR= 1.03 perpy)(p<0.001).

Table2:

Mean FEVT and prevalence of COPD symptoms by quintiles of catechin
and/orflavonolandflavoneintake(theMORGEN-study)
4
2
3
Quintilesofcatechin,flavonolandflavoneintake
2730
2730
2731
2730
28
68
15
44
3390
3471
3474
3473
11
7
12
8
10
8
7
7
8
5
5
6
Quintilesofcatechin intake**
2730
2730
2731
2730
8.2
14.0
5.2
10.9
3502
3364
3424
3488
9
7
13
8
11
8
7
6
9
6
5
4
Quintilesofflavonolandflavoneintake**
2730
2730
2730
2731
6.3
9.6
4.5
7.8
3397
3442
3477
3503
12
9
8
8
9
7
7
7
8
5
5
5
1

Subjects (n)
Medianintake (mg)
FEV, (ml)*
Cough (%)
Phlegm (%)
Breathlessness (%)
Subjects (n)
Median intake (mg)
FEV, (ml)*
Cough (%)
Phlegm (%)
Breathlessness (%)
Subjects (n)
Medianintake (mg)
FEV, (ml)*
Cough (%)
Phlegm (%)
Breathlessness (%)

5
2730
117
3497
7
7
5
2730
24.0
3526
8
7
5
2730
12.8
3485
8
8
6

adjustedforage,heightandgenderandpresentedforastandardheightof1.70m
fromothersourcesthantea
In table 2 the mean FEVi and the prevalence of COPD symptoms is given per
quintile ofcatechin and/or flavonol andflavone intake. Infurther analyses subjects in
the first and fifth quintile of intake were compared. The difference between the
median intake inthese quintiles was 102 mgfor total catechin,flavonol and flavone
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intake and respectively 14.8 and 8.3 mg for catechin and for flavonol and flavone
intake notderivedfromtea.
Total intake of catechins, flavonols and flavones was positively associated with
the FEV1 (B = 106 ml) and inversely associated with all COPD symptoms (OR =
0.54 to 0.57) before adjustment for smoking.Adjustment for pack years ofsmoking,
strongly reducedthe sizeoftheobservedeffect estimates,to B=44 mlforthe FEVi
and OR =0.74 to 0.90 for COPDsymptoms. The association withthe prevalence of
chronic phlegmwas nolongerstatistically significant (table3).

Table3:

Difference in FENA, (ml)* and prevalence of COPD symptoms between
subjects with high vs. low intake of catechins, flavonols and flavones (the
MORGEN-study)
fifthvs.firstquintileofcatechin,flavonolandflavone intake
adjustedl
adjusted2

FEV, (ml)*
Cough
Phlegm
Breathlessness

fi (95%CI)
OR (95%CI)
OR (95%CI)
OR (95%CI)

106 (81to 131)
0.54 (0.44to 0.65)
0.71 (0.58to 0.86)
0.57 (0.45to 0.72)

44
0.80
0.95
0.74

(18to69)
(0.66to 0.97)
(0.77to 1.16)
(0.58to 0.94)

* resultsarepresentedforastandardheightof1.70m
adjustedl:adjustedforage,height(forFEVionly), gender,BMI andenergyintake
adjusted2:additionaladjustmentforsmoking (packyearsandpackyears )

Table4showsthe resultsofthe analyses onthe independent effects of catechins
and offlavonols andflavones not derived from tea.After adjustment for all potential
confounders andforflavonol andflavone intake,catechin intakeshowed abeneficial
association with the FEVT (B= 130 ml) and all COPD symptoms (OR = 0.60-0.72).
Flavonol and flavone intake was independently associated with the prevalence of
chroniccough only (OR=0.77).
Additional adjustment for S-carotene intake did not alter the associations
regarding the F E V L presented in table 3 and 4, in a relevant way. Adjustment for
vitaminCintake reducedtheeffect oftotalcatechin,flavonol andflavone intakefrom
44 to 27 ml (95%CI = 1to 53) and the independent effect of catechin intake from
130to 122ml(95%CI=92to 152).
Consumption of tea (per 200 ml),the main source of the studied flavonoids, was
not associated with FEVi (B = 0.3 ml, p = 0.92) or the prevalence of COPD
symptoms (OR = 0.98, p = 0.33), after adjustment for all potential confounders.
Intake of solid fruits (mean = 55 g/day, SD =46) was positively associated with the
FEVi (29 ml/SD, p<0.001) and inversely associated with the prevalence of COPD
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symptoms (one or more: OR = 0.79 per SD, p<0.001). Similar, although slightly
weaker, associations were observed with the intake of respectively citrus and other
fruits.

Table4:

Independent effects of high vs. low intake of catechins and of flavonols and
flavones on the FENA, (ml)* and the prevalence of COPD symptoms (the
MORGEN-study)
fifthvs.firstquintile of
Catechin intake**
Flavonolandflavone intake**

FEV, (ml)*
crude (IX,95%CI)
adjustedl (IX,95%CI)
adjusted2 (IX,95%CI)
Cough
crude (OR, 95%CI)
adjustedl (OR, 95%CI)
adjusted2 (OR, 95%CI)
Phlegm
crude (OR,95%CI)
adjustedl (OR,95%CI)
adjusted2 (OR, 95%CI)
Breathlessness
crude (OR,95%CI)
adjustedl (OR, 95%CI)
adjusted2 (OR,95%CI)

155 (126to 184)
167 (138to 197)
130 (101to 159)

7 (-21 to 35)
12 (-17to 35)
-4 (-32to24)

0.70 (0.57to 0.86)
0.57 (0.46to 0.71)
0.72 (0.58to 0.90)

0.76 (0.62to 0.94)
0.69 (0.56to 0.86)
0.77 (0.62to 0.96)

0.61 (0.49to 0.76)
0.50 (0.40to 0.63)
0.60 (0.47to 0.75)

1.12 (0.89to 1.39)
1.07 (0.86to 1.34)
1.16 (0.93to 1.46)

0.54 (0.42to 0.70)
0.59 (0.47to 0.76)
0.69 (0.52to 0.90)

1.12 (0.87to 1.44)
0.88 (0.68to 1.14)
0.94 (0.72to 1.22)

* resultsarepresentedforastandardheightof1.70m
** fromothersourcesthantea
adjustedl:adjustedforage,height(for FEVT only),gender, BMIandenergyintake
adjusted2:additionaladjustmentforsmoking(packyearsandpackyears)

Discussion
Our study was the first to investigate the association of catechin, flavonol and
flavone intake with COPD. Intake of the studied flavonoids was positively associated
with the FEN^ (R = 44 ml) and inversely associated with chronic cough (OR = 0.80)
and breathlessness (OR = 0.74). Catechin intake (not derived from tea) showed
strong beneficial associations with both FEVi (B = 130 ml) and all COPD symptoms
(OR= 0.60 to 0.72), independent of the effects of flavonols and flavones. The latter
were only independently associated with cough. Of the main dietary sources of the
studied flavonoids, solid fruit (=apples, pears) intake was, but tea consumption was
not, beneficially associated with COPD.
Both for catechins and for flavonols and flavones anti-inflammatory and
antioxidant activity has been observed and a beneficial effect on COPD seems
theoretically equally likely.24 We only observed an effect of catechins and not of
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flavonols and flavones. Furthermore, since tea is the main dietary source of the
studied flavonoids, a beneficial effect of tea consumption on COPD would be
expected, even when this effect would be based on the effect of catechins alone.
The fact that we did not observed such an association could indicate that the
observed effect ofthe catechins is not causal.A substance which intake,from other
foodsthantea,isrelatedtothatofthecatechins mayconfoundtheassociation.
A few parallels with associations between other dietary factors and COPD can,
however, beobserved.Inthe literaturethere is reasonably consistent evidence fora
beneficial effect of vitamin C, a hydrophilic antioxidant, on COPD.10 For vitamin E
(lipophylic) the evidence is scarce and inconsistent,10 despite an equally plausible
mechanism of action.25 In line with this, we observed a beneficial effect of the
catechins which are hydrophilic, but notwith the lipophylic flavonols and flavones.24
Furthermore, other fruits and chocolate are the main dietary sources of catechins
besidestea and apples. Forflavonols andflavones main remaining dietary source is
vegetable intake. Itmaynotbecoincidentalthat incontrasttofruits,theevidencefor
a beneficialassociation ofvegetableswithCOPDisscarce.10
Thetwocatechinsthatcontribute60%tothecatechincontent oftea, andare rare
inotherfoods,are (-) -epigallocatechin gallate (ECGg)and(-) -epicatechine gallate
(ECg). In vitro, the antioxidant capacities of these catechins were observed to be
equal to or stronger than that of the other catechins present in tea.7,26 However, if
ECGg and ECg are less biologically active (invivo) than other catechins, this would
beanalternative explanationforthefactthat noassociationwithteawasobserved.
Residual confounding by smoking habits does not seem to explain our findings,
since in never smokers similar associations were observed between intake of the
studied flavonoids and COPD (results not shown). Finally, 15 mg of catechins is
present in2 apples or 30 grams of plain chocolate. Ifvalid, the associated increase
in FEVi (130 ml), is roughly equivalent to the effect of smoking 1pack of cigarettes
perdayduring±17yearsandtotheeffect ofanincrease inageof4to6years.27 28
Inconclusion,this study on intake of catechins, flavonols andflavones in relation
to COPD, suggests a beneficial effect of a high intake of catechins. However, the
fact that we observed no association with tea consumption raises the question
whether the association is causal. Surprising was also the lack of association
between COPD and flavonol and flavone intake. Other studies are required to
confirm our findings and to get more insight into the biological effects of different
flavonoids.
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Abstract
Background: To gain more insight into the potential protective effect of diet on
Chronic Obstructive Pulmonary Disease (COPD), we studied the independent
effects of fruits, vegetables, whole grains, fish and alcohol on pulmonary function
andCOPDsymptoms.
Methods:Analysed were cross-sectional data collected in 13,651 men and women
aged 20-59 years participating between 1994 and 1997 in the MORGEN-study
(monitoring project on risk factors and health in the Netherlands). Regression
models were adjusted for age, gender, height (for pulmonary function only),
smoking,BMIandenergyintake.
Results: The effects of a favourable intake of fruits and whole grains (above the
median) andalcohol (1-30g/day) onCOPDwereobserved to be largely independent
ofeach other. The2578 subjects with afavourable intake offruits,wholegrains and
alcohol had a 139 ml higher FEN^ (p<0.001) and a lower prevalence of COPD
symptoms (OR = 0.44, p<0.001) than those with unfavourable intakes of the three
dietary factors (n = 1602). This effect was also observed in never smokers. Fish
intakewasnot,andvegetable intakewasnotindependently, associatedwithCOPD.
Conclusions: These results suggest that the beneficial effects of fruits, whole grains
and alcoholonCOPDare largely independent and cannot beexplained bysmoking
habits.
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Introduction
In recentyears evidence has accumulated that diet may protect from developing
Chronic Obstructive Pulmonary Disease (COPD). However, until today most
epidemiological studies have focused on one or only a few dietary factors
simultaneously. It is,therefore, notclear whether the effects ofthe different (groups
of)dietaryfactorsonCOPDareindependent of eachother.
A high intake of dietary antioxidants (e.g.vitamin C, vitamin Eand 6-carotene)1"7
andoffoods richinantioxidants (e.g.fruits andvegetables)8"14andahighfishand/or
n-3 fatty acid intake12,15'18 were observed to be beneficially associated with
pulmonary function, COPD symptoms or COPD mortality. Furthermore, indications
for abeneficialeffect of lowalcoholconsumption on pulmonary function and chronic
lung disease were observed.9,19,2° Whole grain intake has not yet been studied in
relation to COPD, but an effect may be expected due to the fact that the bran and
germofgrainsarerichinantioxidant substances.21
We studied the independent effects of fruits, vegetables, fish, alcohol and whole
grains on pulmonary function and COPD symptoms in 13,651 men and women
examined between 1994and 1997 inthe MORGEN-study (the monitoring project on
risk factors and health inthe Netherlands). Earlier, a beneficial association of a high
intake of vitamin C and of B-carotenewith pulmonary function was observed in the
MORGEN-study.6

Methods
Subjectsandstudydesign
The MORGEN-study is a cross-sectional investigation into the prevalence of (risk
factors for) chronic diseases in the Dutch population. Between 1994 and 1997,
17,453menandwomenaged20-59yearswereexaminedthrough self-administered
questionnaires anda physical examination. InAmsterdam and Maastricht eachyear
a new random sample was examined and in a third town, Doetinchem, participants
ofanearlier study (1987-1991)were re-examined.Complete information ondietwas
available for 17,025 subjects. Of these, 1,603 subjects did not perform a lung
function measurement due to practical reasons. Of the remaining 15,422 subjects
we excluded pregnant women (n = 83), those with a technically unacceptable or
non-reproducible FENA measurement (n = 1,493) and those with missing values for
one or more potential confounders (n = 187). Thus, the final study population
consisted of 13,651subjects.
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Methods
The general questionnaire contained questions on demographic variables and
presence of (risk factors for) chronic diseases. The second questionnaire was a
semi-quantitative food frequency questionnaire, developed for the MORGEN-study
which ispartofthe EPICstudy (European Prospective Investigation intoCancer and
Nutrition).22"24 The habitual consumption of 178food items during the last year was
estimated and alcohol and energy intake calculated using the 1996 Dutch food
composition table.25 The physical examination included measurement of weight,
heightandpulmonaryfunction.
Questions on respiratory symptoms were selected from the Dutch part of the
European Community Respiratory Health Survey.26,27 The presence of COPD
symptoms was defined as having one or more of the following symptoms: chronic
cough (= cough during winter time on most days for at least three months ayear),
chronic phlegm (= productive cough during winter time on most days for at least
three monthsayear)orbreathlessness (=shortness of breathwhenwalkingonlevel
groundwithpeopleofthesameage).
Pulmonary function measurements were performed by trained paramedics using
a heated pneumotachometer (Jaeger, Germany). Subjects were measured in a
sitting position while wearing a noseclip. Subjects had to achieve at least three
technically acceptable manoeuvres for measuring the FEVi, ofwhich two hadto be
reproducible according to ERS criteria.28 The maximum value of the reproducible
manoeuvreswas usedintheanalysis.
Height (precision 0.5cm) and weight (precision 0.1kg) were measured and the
Body mass index (BMI) calculated (weight/height2). Pack years of cigarette smoking
were calculated as the product of the number of years smoked and the average
number of cigarettes smoked per day, divided by 20. Educational level was
categorised into: low (intermediate secondary education or less), intermediate
(intermediate vocational or higher secondary education) and high (higher vocational
or university education). Physical activity was categorised into insufficient=moderate
or heavy activity less than 3.5 hours a week, and sufficient=moderate and heavy
activity morethan 3.5 hoursaweek ofwhichat least2hoursofheavyactivity.29
StatisticalAnalyses
All analyses were performed using the SAS statistical package (version 6.12,
Cary, USA). To study the relation between the FEVi and dietary factors, a multiple
linear regression modelwith FEN^ divided by height squared asthe dependent and
age, age squared and gender as independent variables was used.6The results are
presented in its original scale (ml) for an individual with a standing height of 170m.

DietandCOPD:independenteffects
Logistic regression analysis was used to study the associations between COPD
symptoms and dietary factors. Age, gender, height (for pulmonary function only),
pack years of smoking, BMI and energy intake were considered to be potential
confounders.
Fruit consumption also included consumption of fruit juices. Vegetable intake did
not include intake of potatoes and legumes. Whole grain intake was defined as
intakeofwholemeal bread,ryebreadand unrefinedgrains(e.g.brownrice).
First, for each food the individual association with COPD was studied. Alcohol
consumptionwas categorised into: none(< 1g/day), low(1-30g/day) and moderate
or heavy (>30g/day). Forfruit,vegetable,fish andwhole grain intakesubjects inthe
highest andthe lowestdecile of intakewere compared with respectto levelof FEVi
andprevalence ofCOPDsymptoms.
To studythe independent effect offoods associated with COPD,food intakewas
dichotomised:fruits, vegetables, whole grains into above vs. below the median and
alcohol into low vs. other. The relation between each dichotomous variable and
COPDwas adjusted for the effects of the other foods. To adjust for fruit, vegetable
or whole grain intake dummy variables representing quintiles of intake were added
to the model. To adjust for alcohol, two dummy variables (1: none vs. low, 2:
moderate or higher vs. low alcohol consumption) were added. Furthermore, we
compared the FEVi andthe prevalence of COPD symptoms between subjects with
favourable intakes (low alcohol consumption and intake above the median of the
other dietary factors) and subjects with unfavourable intakes (none, moderate or
heavy alcohol consumption and intake below the median of the other dietary
factors). To assess the potential confounding effect of cigarette smoking, we also
performed these analyses in never and ever smokers (adjusted for pack years)
separately.
Adjustment forseveral lifestylefactors (i.e.physicalactivity level,educational level
and nationality) did not cause a relevant change in the studied associations and
thesefactorsweretherefore notincluded inthefinalanalysis. Excludingthesubjects
that had used vitamin supplements daily in the last 12 months (13% of the study
population) had no effect on the reported associations, therefore results ofthe total
study populationarepresented.

Results
Thecharacteristics ofthestudypopulationaredescribed intable 1.
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Table 1:

Characteristics ofthe study population (the MORGEN-study)

variable
Age (yr.)
Height (m)
BMI (kg/m2)
Smoking (pack years)
Energy intake (MJ)
Fruit(juices) (g)
Vegetables (g)
Fish (g)
Whole grains (g)
Alcohol(g)
FEV! (ml)
variable
COPDsymptoms*(yes)
Gender (males)
Alcoholconsumption (low)
Physicalactivity (sufficient)
Educational level(low)
Nationality (Dutch)

total
n = 13651
mean (SD)
41.2 (10.8)
1.72 (0.09)
24.9 (3.9)
10.3 (13.8)
9.5 (2.9)
248 (176)
128 (53)
9 (10)
69 (74)
13 (17)
3586 (848)

eversmokers
n = 9072
mean(SD)
42.4 (10.2)
1.72 (0.09)
24.9 (3.8)
15.5 (14.4)
9.6 (2.9)
235 (170)
128 (53)
9 (10)
68 (73)
15 (19)
3540 (838)

never smokers
n =4579
mean (SD)
38.7 (11.5)
1.72 (0.10)
24.8 (4.0)

%

%

%

16
46
64
60
44
97

18
47
64
58
48
97

11
43
63
63
36
97

..
9.4 (2.9)
275 (183)
128 (52)
9 (10)
73 (77)
8 (12)
3676 (861)

oneormoreoffollowingsymptoms:chroniccough,chronicphlegm,breathlessness.

35 0 0

FEV.tml)

COPD
s y m p t o m s (OR)

3 4 50

• <1g/day
3400
1-30 g/day
> 30g/day

3 3 50

3 3 00
Alcohol consumption
' p< 0.001:comparedtoreferencecategory(ref)
Figure 1:

Adjusted* cross-sectional association between alcohol consumption
and COPD (the MORGEN-study). Adjustments were made for age, gender,
height(for FEVT only),packyearsofsmoking,BMIandenergyintake
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Pack years of smoking was inversely associated with the FEVi (B = -7.6 ml/pack
year, p<0.001) and positively associated with the prevalence of COPD symptoms
(OR = 1.03 per pack year, p<0.001), after adjustment for other confounders.
The FEVi was lower in non-drinkers compared to drinkers. The prevalence of
COPD symptoms, however, was lower in subjects with a low alcohol consumption
compared to both non-drinkers and those with a moderate or heavy alcohol
consumption (figure 1). Therefore, in further analyses alcohol consumption was
dichotomised into low vs. other (= none, moderate or heavy).
A high intake of fruit(juices), vegetables or whole grains and a low alcohol
consumption was associated with a higher FEVi and a lower prevalence of COPD
symptoms (table 2). Fish intakewas not associated with COPD.

Table 2:

Cross-sectional association between intake of individual dietary factors and
COPD relatedoutcomes (theMORGEN-study).
High vs. lowfood intake*t

Foods
Fruit(juices)r
Vegetablest
Whole grains*
Fish*
Alcohol*
*
t
adj.1
adj.2

cut-offs
(g/day)
<64, >474
<68,>198
1,>170
<1,>18

—

difference inFEV, (ml)
adj.1 adj.2(95%CI)
152 80 (39-120)
57 43 (5-80)
152 114 (76-153)
21
9 (-27-45)
66 43 (27-59)

COPDsymptoms (OR)
crude adj.2 (95%CI)
0.50
0.77
0.54
1.13
0.63

0.56
0.71
0.62
1.14
0.74

(0.45-0.70)
(0.58-0.88)
(0.50-0.78)
(0.93-1.41)
(0.67-0.81)

foralcoholcomparedgroupsare:1-30galcoholperday(low)versusotherwise
comparedgroups:highestvs.lowestdecileofintake
adjustedforage,heightandgender
adjustedforage,height(forFEV!only),gender,packyearsofsmoking,BMIandenergy
intake

After adjustment for the other three foods, the associations of fruit(juices), whole
grains and alcohol with COPD remained largely unchanged. For vegetable intake the
association with both the FEVi and COPD symptoms disappeared (table 3). The
sum of the independent effects of a favourable intake of fruit(juices), whole grains
and alcohol was 127 ml (= 39 + 54 + 34) in FEVi and for COPD symptoms the odds
ratio can be calculated to be 0.48 (= 0.78 * 0.79 * 0.77).
In subjects with intake of fruit(juices) and whole grains above the median and low
alcohol consumption (favourable intakes), the FEVi was observed to be 139 ml
higher and the prevalence of COPD symptoms lower (OR = 0.44) than in subjects
with intake of fruit(juices) and whole grains below the median and none, moderate or
heavy alcohol consumption (unfavourable intakes). A favourable intake of the three
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foods was also beneficially associated with the FEVi and with COPD symptoms in
never smokers (table 4).

Table 3:

Difference in FEVi andthe prevalence of COPDsymptoms associated witha
favourable* vs. an unfavourable* intake of individual foods, before and after
adjustment forthe effects ofthe otherfoods (the MORGEN-study)

n'/n1

Foods
Fruit(juices)
Vegetables
Whole grains
Alcohol

6827/6827
6827/ 6827
6827/ 6827
8687/4967

Difference in
Difference inCOPD
median
FEVi (ml)
symptoms (OR)
(g/day) adj.1 adj.2 (95%CI) adj.1 adj.2 (95%CI)
216
120
45

—

46 39 (23 •55)
23 7 (-8 -23)
64 54 (38 •70)
43 34 (17 •50)

0.76
0.90
0.75
0.74

0.78
0.97
0.79
0.77

(0.71-0.86)
(0.88-1.08)
(0.72-0.88)
(0.70-0.85)

*

favourable:forfruit(juices) andwholegrainsdefinedasintakeabovethemedian,for
alcoholdefinedaslowconsumption(1-30g/day)
t
unfavourable:forfruit(juices) andwholegrainsdefinedasintakebelowthemedian,for
alcoholdefinedasnone,moderateorheavyconsumption
adj.1 adjustedforage,height(for FEVionly),gender,packyearsofsmoking,BMIand
energyintake
adj.2 dummiesforquintilesofintakeoffruit,vegetableand/orwholegrainintakeand/or
fornonevs.lowandformoderateorhighervs.lowalcoholconsumptionwere
addedtotheadjustedmodel.

Table4:

Adjusted1 difference in FEVi and prevalence of COPD symptoms between
subjects withfavourable*vs. unfavourablet intakes offruits, whole grains and
alcohol (the MORGEN-study).

Total population
eversmokers
neversmokers

n*/n f
2578/1602
1746/1095
830/ 527

Difference in
FEVi (ml)
adj.1 (95%CI)
139(109-170)
143 (105-181)
114 ( 63-165)

Difference inCOPD
symptoms (OR)
adj.1 (95%CI)
0.44(0.37-0.53)
0.42 (0.34-0.52)
0.61 (0.42-0.88)

*

favourable:forfruit(juices) andwholegrainsdefinedasintakeabovethemedian,for
alcoholdefinedaslowconsumption(1-30g/day)
t
unfavourable:forfruit(juices) andwholegrainsdefinedasintakebelowthemedian, for
alcoholdefinedasnone,moderateorheavyconsumption
adj.1 adjustedfor age,height(forFEVionly),gender, packyearsofsmoking,BMIand
energyintake

Discussion
Our cross-sectional study showed that the beneficial effects of fruit(juices), whole
grains and alcohol on COPD related outcomes were largely independent of each

DietandCOPD: independenteffects
other. Inthesubgroup ofsubjectswith intakeoffruit(juices) andwhole grains above
the median and low alcohol consumption (favourable intakes),the FEVi was 139ml
higher andthe prevalence of COPDsymptoms lower (OR =0.44) than inthosewith
unfavourable intakes of the three foods. Similar, although slightly weaker,
associations were observed in never smokers. Fish intake was not associated with
COPD, while the effect of vegetable intake was not independent of that of fruits,
wholegrainsandalcohol.
Antioxidants andfoods rich inantioxidants, likefruits andvegetables, arethought
to protect the airways against oxidant-mediated damage leading to COPD.30 In the
literature there is reasonably consistent evidence for an association between fruit
intake and COPD related outcomes,8"13 but less so for vegetable intake.9,12"14 This
may partly be explained by the low relative validity of dietary assessment methods
for measuring vegetable intake.23,31 Furthermore, a large part of the vegetables is
usually consumed boiled,which leads to loss of vitamin C. In line with our findings
on fruit and vegetable intake (when not adjusted for other foods), in the MORGENstudy a high intake of vitamin C and B-carotene was observed to be positively
associatedwith pulmonaryfunction.6
As hypothesised, we observed a beneficial association between whole grain
consumption and COPD,which maybedue tothe antioxidant components ofwhole
grains (e.g. vitamin E, phenolic acids and phytic acid).21 The observed beneficial
association of a low alcohol consumption with COPD is consistent with earlier
findings,9,19,20 although the underlying biological mechanism is still unclear. Finally,
the lack of an association between fish intake and COPD may be explained by the
low level offish consumption inthe Dutch population.The results of earlier studies,
thatobserved ahigherfishconsumption,are notconclusive.9,12,13,15"18
Another important finding of our study is that also in never smokers a beneficial
effect of fruits, whole grains and alcohol on pulmonary function and the prevalence
COPD symptoms was observed. Thus, residual confounding by smoking can not
explaintheobserved effect ofdietonCOPDtotally. Itmaypartlyexplainthefactthat
in ever smokers the observed associations were somewhat stronger. Smokers are
known to consume less fruits, vegetables and whole grain products and to have
lower intakes of vitamin C and B-carotene.32 On the other hand, the potential
protective effect ofdiet may belarger insmokers duetothe higherexposure oftheir
lungtissuetooxidants.
The definition of afavourable intake used;abovethe median for fruit(juices) (fruit
alone > 129g/day, fruit andfruitjuices >216g/day) andwholegrain products (>45
g/day) and low alcohol consumption, is comparable with the Dutch
recommendations regarding a healthy diet. This suggests that such an intake can
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indeed be achieved by a large part of the Dutch population. Furthermore, the
observed effect on pulmonary function (a 139 ml in FEVi), is roughly equivalent to
the effect of an increase in age of 5 years and to smoking 1 pack of cigarettes per
day during 20 to 25 years. 33 The effect of dietary factors on COPD therefore does
involve an important public health impact.
A number of methodological concerns needs to be addressed. First of all, this
study was cross-sectional and therefore a temporal relation between diet and
pulmonary function cannot be established. Furthermore, selection towards subjects
with a better pulmonary function may have occurred, since failure to perform an
adequate pulmonary function measurement may be an indicator of impaired
respiratory health. 34 However, only minor differences in intake of the studied foods
were observed between those with and without technically acceptable and
reproducible FEVi measurement (results not shown). Therefore this potential
selection is not likely to have influenced the observed associations. Finally,
confounding by health related lifestyle factors, such as physical activity and
educational level, did not explain our results. Residual confounding by other,
unmeasured, factors remains possible.
In conclusion, we observed beneficial associations of fruits, whole grain and
alcohol intake with COPD that were largely independent of eachother. Since these
effects were also observed in never smokers, residual confounding by smoking
could not explain our findings totally.
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GeneralDiscussion
The aim of this thesis was to gain more insight into the relation between diet and
Chronic Obstructive Pulmonary Disease(COPD).
Data from two large-scale epidemiological studies, the Seven Countries Study
and the MORGEN-study, were considered to be complimentary for this purpose.
Data from the Seven Countries Study allowed usto study the relation between diet
and COPD related outcomes longitudinally in an international setting. However, the
Seven Countries Study was not designed to investigate COPD and the main
measurements (1960-1970) were performed with less sophisticated methods than
available today. Furthermore, only middle-aged and older men were examined with
a very large proportion of smokers. The MORGEN-study (1993-1997)was designed
to examine COPD in the Dutch population. Both men and women of a wide agerange (20-59 years) were examined using modern high-quality methods and there
was a large variation in smoking habits in the study population. An important
limitation compared tothe Seven Countries Studywas, however, its cross-sectional
design.
Studied were COPD mortality (Chapters 2-4), pulmonary function (Chapters 4-7)
and COPD symptoms (Chapters 6 and 7) in relation to three groups of dietary
factors: antioxidants andfoods rich inantioxidants (vitamin C,vitamin E,B-carotene,
flavonoids, fruits, vegetables and/or whole grains/bread), n-3 fatty acids and fish,
andalcohol.

Mainfindings
The studies described in this thesis mainly suggest a protective effect of a
number of plant-based foods, i.e. fruits, whole grains and alcohol, against COPD.
Fruit intake was inversely associated with long-term COPD mortality both at the
ecological andatthe individual level.Furthermore,the combined fruit and vegetable
intakeandalsobreadintakeshowedconsistent positiveassociationswithpulmonary
function in three countries. Alcohol consumption showed a U-shaped relation with
20-yr COPD mortality, with the lowest rate in men with a light alcohol consumption
(>1 drink/week, <3 drinks/day). This U-shaped curve was supported by crosssectionaldataonalcoholconsumption and pulmonaryfunction. Finally, ahigh intake
of fruits and whole grains and light alcohol consumption (up to 3 drinks/day), were
observed to be independently and beneficially associated with both pulmonary
functionandCOPDsymptoms.
Intake of catechins was also suggested to be beneficially associated withCOPD.
However, for intake offlavonols andflavones andfor the main dietary source of the
studied flavonoids (i.e. tea) no effect was observed. Inconsistent associations with
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COPD were observed for vitamin C, B-carotene and vitamin E intake. Finally, fish
intakewas not,andvegetable intakewasnotindependently, associatedwithCOPD.

Comparisonoffindingswith literature
A detailed review of the epidemiological evidence regarding the relation between
diet and COPD has recently been published.1 For antioxidants, foods rich in
antioxidants, fish and n-3 fatty acids, the evidence will be summarised here and
compared withthefindings described inthis thesis. The association between intake
of individual dietary antioxidants and COPD in the MORGEN-study has been
reported earlier by Grievink, et al. 2 However, at that time only data from 1994 and
1995 were available. In this section also the results using data from all four years
(1993-1997) will be discussed. Finally, a more detailed description of the literature
on alcohol consumption and COPD will be given, since this dietary factor was not
included inthereview.
Antioxidantsandrelatedfoods
Vitamin C
There's reasonably consistent evidence indicating an association betweendietary
intake of vitamin C and pulmonary function in the literature. 2"6 The reported
increases in FEN^ (ml) per mgvitamin Crangefrom 0.2 to 1.3. Although Dow,etal.5
observed no statistically significant association between vitamin C intake and
pulmonaryfunction,thesizeoftheobservedeffect iscomparabletothatobservedin
the other studies (0.7 ml/mg). The reported associations regarding vitamin C and
COPDsymptomsarenotconsistent.2,7
We observed no associations between dietary vitamin C intake and COPD
mortality in middle-aged men participating in the Seven Countries Study. Vitamin C
intake was positively associated with pulmonary function in two of the three
countries in which this association could be studied. The observed effects were
relatively large, with respectively 2.2 and 1.0 ml FEV0.75 per mg vitamin C. The
associationwas, however, only statistically significant without adjustment for energy
intake and it is unclear whether the results are more valid with or without energy
adjustment. In Dutch men and women participating inthe MORGEN-study between
1993 and 1997,vitamin C intake (10thvs. 1stdecile) was positively associated with
the FEV1 (S = ±0.6 ml/mg) as described earlier by Grievink, et al.2 for 1994 and
1995. When using data from four years, having one or more symptoms of COPD
wasobservedtobeinverselyassociatedwithvitaminCintake(OR=0.57).

GeneralDiscussion
Vitamin E
The observed relationships of vitamin E intake with COPD reported in the
literature areinconsistent.2,4,5,8
The studies described in this thesis also showed no consistent associations
betweenvitamin Eintake and different COPD related outcomes. Baseline vitamin E
intakewasassociatedwith long-term COPDmortality atthe individual,butnotatthe
ecological level. Furthermore, the association of vitamin E intake with pulmonary
function depended on the country studied and on whether or not adjustments for
energy intake were made. Finally, vitamin E intake was not associated with COPD
symptoms orpulmonaryfunction inDutchparticipantstothe MORGEN-study.
R-carotene
The relationships between B-carotene intake and COPD observed in different
studies,2,8"10 includingtheonesdescribed inthisthesis,are inconsistent.
We observed no association between S-carotene intake and COPD mortality in
middle-aged men. In the Netherlands, B-carotene intake was positively associated
with pulmonary function both in middle-aged men (Dutch cohort of the Seven
CountriesStudy)andinmenandwomenaged20-59years (MORGEN-study). Inthe
MORGEN-study B-carotene intake was furthermore inversely associated with the
prevalence of COPD symptoms (using data from four years). In middle-aged men
from two other European countries B-carotene intake was, however, not associated
with pulmonaryfunction.
Catechins, flavonols andflavones
In the MORGEN-study we observed independent beneficial associations of
catechin intake (not derived from tea) with the FEN^ (fifth vs. first quintile: B= 130
ml) and with the prevalence of chronic cough, chronic phlegm and breathlessness
(OR = 0.60-0.72). Flavonol and flavone intake was only independently associated
with chronic cough. Ofthe main dietary sources ofthe studied flavonoids solid fruit,
but nottea,intakewasbeneficially associatedwithCOPD.
Miedema, et al.9 earlier reported a beneficial association between solid fruit
consumption and 25-yr incidence of chronic lung disease and suggested that the
effect may be due to the high flavonoid contents of these fruits. To our knowledge,
intakeofflavonoids hasnotbeenstudied inrelationtoCOPDbefore.
Fruitsand vegetables
Fruit intake appears tto be protectively associated with pulmonary function.11"13 In
cross-sectional studies a difference in FEVi of 79 to 188 mlwas observed between
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high and low fruit consumption, depending among other things on the definition for
highand lowfruit consumption usedandonwhether adults orchildrenwerestudied.
In the only reported longitudinal study no association between fruit intake and
annual change in FEViwas observedduring a 7-year follow-up period.13 Vegetable
intake has not been observed to be associated with pulmonary function.3,5,12 A
protectiveeffect ofvegetable intakeonCOPDsymptomswas observed.14 However,
in middle-aged Dutch men, 25-yr incidence of chronic lung disease was inversely
associatedwith baseline consumptionoffruitsandespecially solidfruits, butnotwith
vegetable intake. Considering the age of the men and the high proportion of
smokers (75%)at baseline,theendpoint inthisstudy most likely involvedCOPDand
notasthma.9
Our findings regarding fruit consumption and pulmonary function are fairly
consistent. The energy-adjusted association between fruit consumption and
pulmonary function in middle-aged men was only positive in one of the three
countries inwhich this association could be studied.Without adjustment for energy
intake a trend towards a positive association could, however, be observed in all
three countries. Moreover, the combined fruit and vegetable intake was positively
associated with pulmonary function inallthree countries (intake of bothfoods above
vs. belowthe median intake: 110-169 mlbeforeand 53-118mlafter adjustment for
energy intake).Furthermore,inDutch participants ofthe MORGEN-study,fruit intake
(above vs. below the median (= 216 g/day)) was positively and independently
associated with both pulmonary function and COPD symptoms (respectively R =39
ml and OR = 0.78). Our findings regarding fruit consumption and COPD mortality
(both at the ecological and at the individual level) further support a protective effect
ofhighfruitconsumption againstCOPD.
Vegetable intake was not observed to be (independently) associated with any of
thestudiedCOPDoutcomes.
Whole grainsandbread
Surprisingly, in middle-aged men from Finland, Italy and the Netherlands
pulmonary function (FEVi or FEV0.75)was observed to be positively associated with
bread consumption (B = 0.35 to 0.57 ml/mg). We hypothesised that in this case
bread intake may be considered to be an indicator of whole grain intake. Whole
grains are rich in antioxidant substances15 and may therefore be hypothesised to
protect against COPD.An independent protective association of whole grain intake
(abovevs.belowthe median (=45g/day) withboththe FEVi (B=54ml)andCOPD
symptoms (OR =0.79) was indeed observed in Dutch participants totheMORGENstudy.Toour knowledgethisassociation hasnotbeenstudiedbefore.
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N-3fattyacidsandfish
Several studies have reported beneficial effects of fish or n-3 fatty acid intake
against COPD, but at closer inspection it seems questionable whether such an
effect actually exists.7,16"18 Only in one study7 confounding by other dietary factors
associated with COPD was taken into account and as a result the observed
associationwas nolongerstatistically significant. Furthermore, intwo studies17,18the
observed associations with pulmonary function were only statistically significant in
subgroupsandintheonlyindividual-level longitudinalstudythat hasbeenpublished,
no association was observed with 25-yr incidence of chronic lung disease.9 Finally,
after 1994onlytwo studies12,19 have reported (negative findings) on fish intake and
COPD.This issurprising, considering the growing interest involving diet and COPD.
Publication bias, negative results not being published, may explain this
phenomenon.
We only observed a relatively weak association between fish intake and COPD
mortality in our ecological study. This association was only statistically significant
after adjustment for one of the potential confounders. In cross-sectional studies on
fish intake and pulmonary function or COPD symptoms and in a longitudinal study
onfish intakeand20-yrCOPDmortality noassociationswereobserved.
Alcoholconsumption
Untiltoday almost allstudiesfocused onthe potential detrimental effect of heavy
alcohol consumption on COPD. Reported associations not adjusted for smoking will
be ignored here. Banner,20 and Emergil, et al.21 observed a decreased diffusion
capacity in alcoholics, in contrast to Lyon et al.22 Garshick et al.23 observed
detrimental associations between alcohol consumption and both pulmonary function
and COPD symptoms in a study including a large number of alcoholics. A
detrimentaleffect of heavy alcoholconsumption isalsosuggested bystudies in nonalcoholic populations. In one study an inverse association between alcohol
consumption and FEVi was observed only when the heavy drinkers (> 350 g/week)
were included in the analyses.24 In another study especially the frequency of
intoxication with alcohol was observed to be positively associated with respiratory
symptoms.25 Finally, in a group of policemen with a relatively high alcohol
consumption (mean 33 ± 29: 10%with alcohol consumption >70 g/day) an inverse
associationbetweenalcoholconsumptionandFEViwasobserved.26
With regard to light-to-moderate alcohol consumption, the results of different
studies are inconclusive. In one study alcohol consumption was positively
associated with COPD symptoms and inversely associated with pulmonary
function.27 The latter association was only statistically significant in the heavy
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smokers, raising the question whether residual confounding by smoking may have
occurred. In another study moderate alcohol consumption was observed to be
inversely associated with total lung capacity, but not with measures of airway
obstruction, like the FEN^ ,28 Intwo large cross-sectional studies, by Cohen et al.29
andSparrow et al,30 noassociationwasobserved betweenalcoholconsumption and
airway obstruction. Cohen,et al.29, however, did observe indications for a protective
association between alcohol andairway restriction (FVC as %pred.). Furthermore,a
lower 25-yr incidence of asthma and COPDwas observed in drinkers compared to
non-drinkers9 and a lower alcohol consumption in subjects with compared to
subjects without small airways disease31. Finally, a beneficial effect of alcohol
consumption on the prevalence and extent of emphysema, determined by autopsy,
wassuggested byPratt,et al.32
We observed a U-shaped curve between alcohol consumption and 20-yr COPD
mortality in middle-aged menfrom three European countries, with the lowest risk in
men with a light alcohol consumption (> 1alcoholic drink per week and < 3 drinks
per day (= >1.4 and < 30 g/day)). Furthermore, in middle-aged men from Finland
and the Netherlands, respectively the FEV0.75 and the FEV1were observed to be
higherinlightdrinkers (upto3drinks perday) comparedto non-drinkers. Italian men
with a very heavy alcohol consumption (> 12 drinks/day) had a lower FEV0.75than
men with a moderate to heavy alcohol consumption (> 3 and < 12drinks/week). In
the Dutch participants of the MORGEN-study, those with light alcohol consumption
(> 1,< 30 g/day) had a higher FEV1 and a lower prevalence of COPD symptoms
than non-drinkers. Consuming more alcohol (> 30 g/day) was not associated with a
lower FEV1. However, a higher prevalence of COPD symptoms was observed in
subjects with moderate or heavy alcohol consumption compared to those with light
alcoholconsumption.
Concludingremarks
Studies described in the literature and in this thesis give the most consistent
indications for a protective effect of fruit consumption on COPD. With regard to
vitaminCintaketherearealsostrong indications,althoughthe resultsaresomewhat
more variable, especially for outcomes other than pulmonary function. The
protective effect of a high intake of catechins and whole grains and of light alcohol
consumption described inthisthesis,needsto beconfirmed inother studies. Finally,
the relation of vitamin E and 6-carotene intake with COPD remains unclear and
considering all the evidence, an independent protective effect of vegetable or fish
consumption seems unlikely. However, in most studies the level of fish intake was
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moderate and a beneficial effect of highfish consumption can not be excluded.The
sizeoftheobservedeffects,and itspublic health relevancewillbediscussed later.

Causalityoftherelation betweendietandCOPD
Most of the studies performed on diet and COPD had a cross-sectional design.
An important question iswhethertheobserved associations arecausal.
Plausiblebiologicalmechanism
Causality is supported by the availability of a plausible biological mechanism of
action. Forthestudieddietaryfactorsthese mechanisms aredescribed inChapter 1.
Misclassification ofexposure
For the antioxidant vitamins, especially B-carotene and vitamin E, the present
evidence on a protective effect on COPD is inconsistent. This may indicate that a
protective effect of these dietary factors does not exist. However, especially if the
effects aresmall,the inconsistent evidence maybethe result of biases in performed
studies,suchasmeasurement errors indietary intakeorplasma levelsofthe dietary
factors. Furthermore, dietary intake and even plasma levels may not be a good
indicator of the presence of the studied dietary factors or their metabolites in the
lower airways. Vitamin E, for instance, is a lipid soluble antioxidant that occurs in
membranes and lipoproteins. A more valid measure of the exposure may therefore
bethe amount ofvitamin Epresent inthese structures inthe lower respiratory tract.
Methods to perform such measurements are available (e.g. BAL). Kelly, et al.,33 for
instance, recently reported lower levels of vitamin C and a-tocopherol in the lower
airways of asthmatic patients compared to controls, while the plasma levels were
similar inthetwogroups.
Temporalrelation
The only indisputable criterion for causality is that the cause (relevant exposure)
must precede the effect (occurrence of the disease) in time.34 In cross-sectional
studies it is usually impossible to discern between a causal relation and a noncausalassociationfor instance introduced bythefactthat peoplewith (symptoms of)
COPD changed their diet. However, also the few performed longitudinal studies
show protective associations of dietary factors with COPD related outcomes
(Miedema, et al.9 and Ch 2, 3 and 4). In the Dutch cohort of the Seven Countries
Studythe relation between baseline dietand25-yr incidence ofchronic lungdisease
remained unaltered when the menwith asthma or COPD diagnosed during the first
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two years were excluded from the analysis.9 This indicates, as was observed, that
the food consumption of men with preclinical disease at baseline was not different
fromthe baselinefoodconsumption ofcasesdiagnosed inlateryears. Inthe 1960's,
whenthe Seven Countries Studywas performed, knowledge onthe health effects of
dietwas much more limited thantoday. However, even today only a limited number
of people are conscious of the potential protective effect of diet on COPD. It is
therefore unlikely that participants ofthe MORGEN-study havechangedtheir diet as
a consequence of (preclinical) COPD. This is further supported by the fact that
symptomsofCOPDonlybecome manifest late inthecourseofthedisease.
Confoundingbysmokinghabitsandotherhealthrelatedlifestyle factors
Another issue when establishing causality is the potential influence of
confoundingfactors.
It is known that smokers tend to eat less fruits, vegetables and whole grain
products and have lower intakes ofvitamin Cand R-caroteneand a higher intake of
alcoholthan non-smokers.35,36 The higher exposure of smokers tofree radicals and
other oxidants in cigarette smoke also causes a higher demand for antioxidants to
protect the cells. Due to the lower intake and the higher turnover, smokers have
lowerplasma levelsofvitaminC37and 6-carotene.36
Even when adjustments for smoking habits are performed, in most studies
adjustments were madefor smoking status and/or pack years of cigarettesmoking,
the potential for residual confounding by smoking remains. This can only be
excluded by studying lifelong non-smokers. Strachan et al.11 observed a positive
association between pulmonary function and fruit consumption inthis subgroup and
inthe MORGEN-study ajoint effect of intake of fruits, vegetables and whole grains
above the median and light alcohol consumption on pulmonary function was also
observed in never smokers (Chapter 7). In these studies residual confounding by
cigarette smoking cannot explain observed associations between diet and COPD
completely.
Another potential source of confounding is healthy lifestyle. A high intake of
antioxidants, fruits, vegetables and whole grains is generally considered 'healthy'
andmay reflect a healthy lifestyle ingeneral,responsiblefortheobserved protective
effect.This isdifficult toestablish.Ahealthydiet isacomponent ofahealthy lifestyle
and itislikelythat at least part oftheeffect of ahealthy lifestyle is mediated through
diet.Whetherthis isalsothecase inrelationtoCOPD isunclear. Ontheotherhand,
other health related lifestyle factors, such as indoor air pollution, may confound the
relation between diet and COPD.Adjusting for an indicator of healthy lifestyle, such
as educational level,does not resolvethis issue. If adjustment for educational level
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reduces the effect ofdiet,this canalso bethe result ofover-adjustment when dietis
an intermediate of healthy lifestyle or it may indicate that healthy lifestyle was
confounding the association between diet and COPD. In the MORGEN-study the
joint effect of fruits, vegetables, whole grains and alcohol in never and current
smokers, was independent of educational level and physical activity. Also in other
studieswhereassociations betweendietandCOPDrelatedoutcomeswere adjusted
for indicators of socio-economic status, no appreciable effect was observed.3'4,6,8,11"
14,16-18H 0 w e v e r socio-economic status is avery complex concept and probably not
reflectedaccurately byoneindicator suchaseducationallevel.
Inconclusion,there seemstobeatemporal relation between diet and COPDthat
can not totally be explained by confounding effects of smoking. The existence of
biologically plausible mechanisms of action for the different dietary factors (see
Chapter 1) add to the evidence that the relations between different dietary factors
andCOPDarecausal.However, confounding byother health related lifestylefactors
besidessmoking cannotbeexcluded.

Publichealthrelevance
Another issue that needs to bediscussed isthe potential public health relevance
ofthe observed effects of dietary factors on COPD. Ifthe public health relevance is
verysmall,further studyofthe relation betweendiet andCOPDandestablishing the
causality of the association, becomes less important. The estimated values
presented here only give an indication of the potential public health effect of dietary
factors,since interactions betweendifferent riskfactorswere nottaken into account.
For instance, in the Dutch cohort of the Seven Countries Study the percentage of
never-smokers is low. If the effect of the studied dietary factor only occurs in
smokers, the estimated public health effect in this population is likely to be overestimated inpopulationswithalowerprevalenceofsmoking.
Theobserved effect ofdietaryfactors on pulmonaryfunction roughly rangesfrom
50 to 150 ml in FEVi, depending on the studied factors and the compared intakes.
When expressed as a percentage of the average FEVi in a population, a 100 ml
increase in FEVi seems small. In the MORGEN-population 100 ml is, for instance,
equalto 3.9% ofthe average FEVi (3.6 litres). However, in healthy adults 100 mlis
equivalent to the decrease in FEVi associated with ageing 3 to 5 years38"41 and to
the effect of smoking 1 pack of cigarettes per day during 10 to 20 years.38,42,43
Furthermore,a 100mlincrease inthe average FEVior FEV0.75,wasestimated tobe
associatedwithareduction intheprevalenceofairway obstruction (<70%pred)from
2.6 to 2.0%(=-23%) inthe MORGEN-population andfrom respectively 14.8to 12.2
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(-18%)and 11.6to 9.2% (-21%) in middle-aged menfrom Finland and Italy studied
intheSevenCountries Study(seeAppendix).
Alsodatawith regard to COPD mortality andthe prevalence of COPD symptoms
showthattheobserved effects ofdifferent dietaryfactors, ifcausal, may certainly be
of public health relevance (seeAppendix). In middle-aged participants of the Seven
Countries Study a shift of all men inthe lowest fertile of fruit or vitamin E intake to
the highest fertile of intake,was estimated to reducethe number of COPD mortality
cases during 20-years of follow-up with 28 and 20% for fruit and vitamin E,
respectively.A more realistic shift inexposure forthesedietary factors, namely from
the lowesttothe middle andfromthe middletothe highest fertile of intake,was still
estimated to prevent respectively 21 and 14% of the COPD mortality. In this
population, a shift in alcohol consumption of all men with a very light(< 1 alcoholic
drink per wk) to a light (> 1 drink per week and < 3 drinks per day) alcohol
consumption was estimated to reduce COPD mortality with 15%.With regard tothe
prevalence ofCOPDsymptoms inthe MORGEN-population,afavourable insteadof
an unfavourable intake of fruits, whole grains or alcohol (see chapter 7) was
calculated to be associated with a reduction in prevalence of 11 to 12%. A
favourable instead of an unfavourable intake of allthree foods was associated with
a28%reduction inCOPDsymptoms.
Ifcausal,theobserved effect ofdiet isestimated to reduce COPDwith 10to30%
atthepopulation level.A relativelysmallindividualeffect maythus constitute a large
public healtheffect.

Conclusions
The studies described inthis thesis suggest a protective effect of several dietary
factors against COPD. Ofthe antioxidant factors the most consistent evidence was
observed for an association between fruit consumption and COPD. A potential
protective effect ofcatechin andwholegrain intake on COPD has not been reported
earlier and needs to be confirmed in further studies. Our results do not support a
protective effect of moderate levels of N-3 fatty acid or fish intake against COPD.
Finally,aprotective effect oflightalcoholconsumptionwassuggested.
Causality of the observed relations is supported by an apparently temporal
relation and bythe existence of plausible biological mechanisms of action. Smoking
could not explain our findings. Confounding by other health related lifestyle factors
can, however, not be excluded. If causal, the observed effect of diet on COPD is
certainlyofpublic healthrelevance.
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Finalconsiderations andfuture studies
Adultandchildhooddiet
A 'healthy'diet inadult life may reflect dietary habits inchildhood andthereby the
growth and development of the lungs. A study among three generations of Dutch
women showed a resemblance between mothers and their adult daughters in
nutrition knowledge (r = 0.30-0.35) and in dietary habits.44,45 The strongest
associations betweentheyoungest andthe middlegeneration was observed forfish
intake(r=0.41) andtheconsumptionofsweetandsavourysnacks (r=±0.30).The
latter association (forsavoury snacks) was also observed betweenthe older andthe
middlegeneration (r=0.35).
This implies that besides the larger social context also the dietary habits of the
family oforigin influencesthediet ofadults.Associations between adultdietand risk
of COPD may,therefore, partly be a reflection ofthe relation between diet and lung
development in childhood. If so, attention should focus on improvement of both
childhood andadultdietintheprevention ofCOPD.
Afirst stepto elucidate this issue may beto determine whether young adultswith
a favourable diet in childhood (e.g. high intake of fruits) have a better pulmonary
functionthanyoungadultswithalessfavourablechildhooddiet.
Dietarypatterns
UntiltodayCOPDhasbeenstudied inrelationtospecific nutrients (e.g.vitaminC)
or specific foods orfood groups (e.g.fruits). This gives information onthe biological
mechanisms through which diet may affect COPD and on whether an increase in
intake of nutrients through a higher consumption of specific foods may lead to the
intended physiological effect. However, a particular food is often consumed at the
expense of another one. To learn more about the impact of many foods and their
interactions simultaneously, it is important to study dietary patterns in relation to
disease. An advantage of this approach is that it can be used to identify groups at
whichpreventive actions,likenutritionaleducation,maybetargeted.
One approach to establish dietary patterns is to use pre-determined criteria,
based onavailable knowledge. Inasensethis iswhatwedid inthe MORGEN-study
whencomparing subjectswithafavourable intakeoffruits,wholegrains and alcohol
with those with unfavourable intakes of the three foods.The most obvious methods
to establish dietary patterns based on a large number of dietary factors andwithout
using prior knowledge on the relation between diet and health are cluster or factor
analysis. However, when using standard cluster analyses on dietary data of the
MORGEN-study, wewere unable to establish clearly separate clusters.When using
factor-analyses, a similar problem occurred. Assigning subjects to one factor was
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considered arbitrary, since subjects were observed to load highly on more than one
factor. It would, however, be relevant to investigate whether these methods can be
enhanced to select subgroups with clearly distinct dietary patterns.
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Introduction
Chronic Obstructive Pulmonary Disease (COPD) is characterised by airflow
obstruction dueto chronic bronchitis and/or emphysema. It is an important cause of
morbidity and mortality around the world. In the coming decades, COPD rates may
decrease dueto adecreasing prevalence of smokingsincethe middle ofthe 1960's.
However, atthemoment ratesarestill rising,especially inwomenandveryoldmen.
Inthe early 1990'sseveraldietary factors were suggested to be relatedtoCOPD,
based on proposed biological mechanisms of action and a small number of
epidemiological studies.Antioxidants (e.g.vitamin C,vitamin Eand B-carotene) and
foods rich in antioxidants (e.g.fruits, vegetables) are thought to protect the airways
against oxidant-mediated damage. For alcohol inhibitory effects on inflammatory
cells have been observed and n-3 fatty acids (mainly present infish) may have antiinflammatory effectsthroughtheir influenceonthearachidonic acidmetabolism.

Methods
To gain more insight into the relation between diet and COPD,we analysed data
from two large-scale population-based epidemiological studies. Datafromthe Seven
Countries Study (SCS: 1960-1990) allowed us to study the relation longitudinally in
an international setting. However, the main measurements (1960-1970) were
performed with less sophisticated methods than available today and only middleaged or older, mainly ever smoking, men were examined. The MORGEN-study
(1993-1997) was designed to examine the prevalence of (risk factors for) chronic
diseases (including COPD) inthe Dutch population.Menandwomen inabroadagerange (20-59 yr.) and with a large variation in smoking habits were examined using
modern high-quality methods. An important limitation was, however, its crosssectionaldesign.
COPD mortality, pulmonary function (forced expiratoryfunction inone (=FEVi)or
in 0.75 seconds (FEV0.75)) and/or COPD symptoms (breathlessness, chronic cough
and chronic phlegm) were studied in relationto intake of antioxidants andfoods rich
in antioxidants, n-3 fatty acids and/or fish, and alcohol. Age, height, gender,
smoking, body mass index and total energy intake were considered to be potential
confoundingvariables.

Results
Dietand25-yrCOPDmortality(SCS: ecologicalassociation)
Inthe 16cohorts ofthe Seven Countries Study(from Europe,theVS andJapan),
weobserved aninverseecological association of25-yr COPDmortalitywith baseline
consumption of fruit (rate ratio (=RR) 0.49, 95%CI = 0.36 to 0.67) and fish (RR =
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0.97, 95%CI =0.93to 1.00).The RR'swere calculated for achange equalto 10%of
the overall mean intake (= 13.1 g for fruits and 4.4 g for fish). COPD mortality was
notassociatedwith intakeofvitaminCorE,S-carotene orvegetables. (Ch.2)
Dietand20-yrCOPDmortality(SCS)
In 2953 men of two Finnish, two Italian and the Dutch cohort, we studied the
association between baseline diet and 20-yr COPD mortality at the individual level.
Fruit and vitamin E intake were inversely associated with COPD mortality, with
respectively RR=0.49 (95%CI=0.26to0.93) and RR=0.51 (95%CI=0.27to 0.99)
before and RR=0.56 (95%CI=0.29 to 1.09) and RR=0.66 (95%CI =0.31to 1.42)
after energy adjustment. No association was observed for vitamin C, B-carotene,
vegetables and fish. (Ch. 3) A smoothed spline-plot showed a U-shaped curve of
baseline alcohol consumption with COPD mortality in the 5 cohorts. Compared to
non- and occasional drinkers, the RR was 0.60 (95%CI = 0.33 to 1.09) in light
drinkers (>1alcoholic drink/week,<3drinks/day) and 1.25 (95%CI =0.47to 3.31) in
thosewithahigher levelofalcoholconsumption.(Ch.4)
Dietandpulmonaryfunction(SCS)
We furthermore studied the association between diet and pulmonary function
(FEV0.75or FEVi here called FEV) in 1969 inthe Finnish men (n=1248) and in 1965
in the Italian (n=1386) and Dutch (n=691) men. In occasional and light drinkers
compared to non-drinkers, the FEV was 64 ml (95%CI = -12 to 141) higher in
Finlandand94ml(95%CI=2to 186) higher inthe Netherlands. InItaly,the FEVwas
98 ml(95%CI=8to 187)lower invery heavydrinkers (> 12drinks/day) comparedto
moderate-to-heavy drinkers (>3, <12 drinks/day). (Ch. 4) The associations of fruit,
vegetable, vitamin C,vitamin Eand B-carotene intake with pulmonary function were
not consistent across the countries. However, in all three countries men with intake
of bothfruits and vegetables above the median had a higher FEVthan thosewitha
low intake of both foods. The difference in FEV ranged from 110 to 169 ml before
and from 53 to 118 ml after energy adjustment. Furthermore, bread consumption
was positively associated with pulmonary function,with B= 0.35 to 0.57 ml/g. Fish
intakewas notassociatedwith FEV.(Ch.5)
DietandCOPD (MORGEN-study)
In 13,651 men and women who participated between 1994 and 1997 in the
MORGEN-study, we studied the association of dietary factors with pulmonary
function and COPD symptoms. Total catechin, flavonol and flavone intake was
positively associated with the FEVi (B = 44 ml, 95%CI = 18 to 69) and inversely

Summary
associated with chronic cough (OR = 0.80, 95%CI = 0.66 to 0.97) and
breathlessness (OR = 0.74, 95%CI = 0.58 to 0.94). Catechin intake was
independently associated with boththe FEVi (B= 130 ml,95%CI = 101to 159) and
all three COPD symptoms (OR = 0.60-0.72, p<0.001), while flavonol and flavone
intake was independently associated with chronic cough only. Solid fruit (=apples,
pears),butnottea, intakewas beneficially associatedwithCOPD.(Ch.6)
Furthermore,weobserved independent beneficialeffects ofafavourable intakeof
fruits and whole grains (above the median) and alcohol (1-30 g/day) on pulmonary
function and COPD symptoms. The 2578 subjects with a favourable intake of all
threefoods hada 139mlhigher FEVi (95%CI = 109to 170)and alower prevalence
of COPP symptoms (OR = 0.44, 95%CI = 0.37 to 0.55) compared to those with an
unfavourable intake of the three foods. In never smokers afavourable intake of the
threefoodswas associated with a 114mlhigher FEN^ (95%CI =63to 165)andwith
a lower prevalence of COPD symptoms (OR= 0.61, 95%CI = 0.42 to 0.88). Fish
intakewas not,andvegetable intakewas not independently, associated withCOPD.
(Ch.7)

Discussionandconclusions
The studies described in this thesis suggest a protective effect of several dietary
factors against COPD. Of the antioxidant factors the most consistent evidence was
observed for a protective effect of high fruit consumption. A potential protective
effect ofcatechins orwhole grain intake onCOPD has not been reported earlier and
needs to be confirmed in further studies. Our results do not support a protective
effect of moderate levels of n-3 fatty acid or fish intake against COPD. Finally, a
protectiveeffect oflightalcoholconsumption (upto 3drinks/day)wassuggested.
Causality of the observed relations is supported by an apparently temporal
relation and bytheexistence ofplausible biological mechanisms. Smoking could not
totally explain ourfindings. Confounding byother health related lifestyle factorscan,
however, not be excluded. The observed effect of diet was estimated to reduce
COPD with 10to 30%at the population level and, if causal, it is certainly of public
health relevance.(Ch.8)
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Aandoeningenvandeluchtwegen:gebruiktetermen
In Nederland wordt de term CARA (Chronische Aspecifieke Respiratoire
Aandoeningen) gebruikt als verzamelnaam voor astma, chronische bronchitis en
emfyseem. Dit zijn longaandoeningen waarbij er een vernauwing optreedt van de
luchtwegen. Dit wordt ook wel luchtwegobstructie genoemd. Het gevolg is
benauwdheid tijdens (lichte) inspanning en in ernstige gevallen ook in rust. Een
belangrijk kenmerk van astma zijn aanvallen van kortademigheid waartussen de
longfunctie min of meer normaal is. Bij chronische bronchitis en emfyseem is er
sprake van blijvende obstructie van de luchtwegen. Inde engelse literatuur, en ook
steeds vaker in Nederland, wordt daarom de term COPD (chronic obstructive
pulmonarydisease) gebruikt omchronische bronchitisenemfyseem aanteduiden.

COPD
COPD isdederdedoodsoorzaak in Nederland nahart-envaatziekten en kanker.
De belangrijkste oorzaak van COPD is het langdurig roken van sigaretten. Omdat
het aantal rokers in de afgelopen tientallen jaren is afgenomen, verwacht men dat
het optreden van COPD in de komende decennia zal gaan afnemen. Op het
moment iser nogsprakevan een stijgende trend,vooral bijvrouwen en bijmannen
ophogeleeftijd.

VoedingenCOPD
In het begin van de jaren '90 zagen onderzoekers dat COPD minder vaak
voorkwam bij mensen die veel fruit aten of een hoge vitamine C inname hadden.
Fruit bevat veel vitamine C en dit is een a/ifr'-oxidant. Oxidanten zijn stoffen, o.a.
rijkelijk aanwezig in sigarettenrook, die de luchtwegen en andere lichaamsweefsels
kunnen beschadigen. Antioxidanten als vitamine C kunnen oxidanten onschadelijk
maken, en daardoor mogelijk de luchtwegen beschermen. COPD leek ook minder
vaak voorte komen bijmensen dieveelvis aten. Verder waren er aanwijzingen dat
mensen met een lage tot matige alcohol consumptie een lager risico hadden om
COPD te krijgen dan niet-drinkers. Biologisch gezien was dit te verklaren door een
remmende werking van alcohol en bepaalde vetten in vis (n-3 vetzuren) op
ontstekingendieoptredenindeluchtwegenvanrokers.
Ommeertewetentekomen over heteffect vanantioxidanten (o.a.vitamine Cen
Een B-caroteen),voedingsmiddelenrijkaanantioxidanten (o.a.fruitengroente),vis
en alcohol op het optreden van COPD, werden gegevens van twee grote
epidemiologischeonderzoeken bestudeerd. Deresultaten hiervanzijn beschreven in
hoofdstuk 2t/m 7van dit proefschrift. In hoofdstuk 8volgteen beschouwing vande
resultaten uitlopend indeconclusies.
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Hoofdstuk2
Rond 1960 werden 16 groepen mannen (in totaal ± 13000 mannen) van
middelbare leeftijd uit 7 landen (5 Europese landen, Japan en de VS) onderzocht.
Bijeen kleinaantal mannen van iedere groep werd de voeding nagevraagd omeen
grof beeld te krijgen van de voedingsgewoonten in de verschillende groepen. Voor
iedere man die tussen 1960 en 1985 overleed,werd de doodsoorzaak vastgesteld.
In groepen die rond 1960 veel fruit en vis aten, bleek de sterfte aan COPD in de
daaropvolgende 25jaar relatief laagtezijn. Erwerdgeenverband gevondentussen
devitamineC,vitamineE,S-caroteen ofgroenteinnameendesterfte aanCOPD.

Hoofdstuk3
Rond 1970 werd bij 2953 Finse, Italiaanse en Nederlands mannen, die aan het
onderzoek uit hoofdstuk 2 hadden deelgenomen, de voedingsgewoonten
nagevraagd. Het risico om aan COPD te overlijden tussen 1970 en 1990, bleek
lager te zijn in mannen met een hoge fruit of vitamine E inname. Er werd geen
verband gevonden tussen vitamine C, B-caroteen, groente of visinname en sterfte
aanCOPD.

Hoofdstuk5
Rond 1965werdbij 1248Finse, 1386Italiaanseen691Nederlandse mannen,die
aan het onderzoek uit hoofdstuk 2 hadden deelgenomen, de longfunctie en de
voedingsgewoonten bepaald. In alle drie de landen bleken mannen met een
bovengemiddelde inname van zowel fruit als groente een betere longfunctie te
hebben dan mannen met een lagefruit en groente inname. Ook het eten van veel
brood leek gunstig voor de longfunctie in de drie landen. Er werd geen duidelijk
verbandgevondenvoorvis,vitamineC,vitamineEof B-caroteen.

Hoofdstuk4
Indit hoofdstuk werdende analyses uit hoofdstuk 3en 5 uitgevoerd vooralcohol.
Mannendie rond 1970een lage tot matigealcohol consumptie hadden (meerdan1
glasalcoholperweek, maarminder dan 3glazen perdag) blekeneen lager risicote
hebben om in de daarop volgende 20 jaar aan COPD te overlijden in vergelijking
met zowel niet-drinkers als mannen die meer dan 3 glazen alcohol per dag
gebruikten. Bovendien hadden de mannen met een lage tot matige alcohol
consumptiede bestelongfunctie.
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Hoofdstuk6en7
Tussen 1993en 1997werdenmannenenvrouwenvan20-59jaar uitAmsterdam,
Doetinchem en Maastricht onderzocht. Bij 13,651 personen werden er gegevens
verzameld over hun voeding, hun longfunctie en of ze last hadden van
luchtwegklachten (hoesten,slijmopgevenenkortademigheid).
NaastvitamineCenB-caroteenbevatten plantaardige productenminder bekende
antioxidanten, zoals de flavonoiden. Flavonoiden komen met name voor in appels
en thee. In hoofdstuk 6 wordt beschreven dat mensen die veel appels en peren
aten, een betere longfunctie blekente hebben en minder lastvan luchtwegklachten.
Ook een type flavonoiden, de catechines, leek te beschermen tegen COPD. Voor
theeenvoortweeanderetypenflavonoidenwerdgeeneffectgevonden.
Verder bleek een bovengemiddelde inname van fruit en volkorenproducten
samen te gaan met een betere longfunctie en minder luchtwegklachten. Ook een
lagealcoholconsumptie (tot 3glazen perdag) leekte beschermen tegen COPD.Er
werdgeenduidelijk effect vangroenteofvisgevonden (zie hoofdstuk7).

Beschouwingvanderesultaten(zie hoofdstuk8)
De resultaten beschreven in dit proefschrift suggereren een beschermend effect
van met name fruit, volkoren producten en alcohol tegen COPD. Een mogelijk
beschermend effect vanfruit isookdoorandereonderzoekers gevonden.Erismeer
onderzoek nodig om de beschermende effecten van een hoge inname van
catechines en volkoren-producten en een lage tot matige alcoholconsumptie te
bevestigen.
Het zal de lezer opvallen dat er staat dat de resultaten een effect van voeding
suggereren. Zaken als meetfouten en verstorende variabelen (b.v. rookgedrag)
kunnen de resultaten vertekenen, ook al is op allerlei (statistische) manieren
geprobeerd dekanshieropzokleinmogelijktemaken.
Veelfruit envolkorenproducten eten en matigzijn met alcohol maaktdeel uitvan
de Nederlandse aanbevelingen voor een goede voeding. Met andere woorden, de
resultaten van dit proefschrift ondersteunen de bestaande aanbevelingen, die
gebaseerd zijn op kennis overde beschermende effecten vanvoedingtegenandere
chronischeziekten
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Calculation of the public health relevance of the observed effects
ofdietonCOPD

To estimate the public health relevance ofobserved effects ofdiet onCOPD related
outcomes,three methodswereused:
1. The change in the prevalence of airway obstruction in a population when
theaverage FEViorFEV0.75increaseswith 100ml.
Airwayobstruction: FEV1orFEV0.75below70%ofthe predicted value
Method: 100mlwasaddedto individual FEV1or FEV0.75values
Appliedto:
a. FEV0.75 in 1,248 men(50-69yr.)from Finland (Ch.4,5)
b. FEV0.75 in 1,386 men(45-64yr.)from Italy(Ch.4,5)
c. FEVi in9072everand4579 neversmoking Dutchadults(20-59yr.)(Ch.6,7)
Regression-equations usedtodetermine predictedvalues:
a. inneversmokers (n=239):
pred= 6153- 165.4*age+ 1.006*age2 - 135.3*HT+ 1148*HT2- 86.83*cohort
b. inneversmokers (n= 458):
pred=-4497 + 134.4*age+ 1.629*age2 +2100*HT+530.5*HT2 -264.8*cohort
c. inneversmokerswithout COPDsymptoms (n=4091):
pred= 4599 +7.721*age-0.317*age2-4240*HT +2526*HT2-568.1*gender

Results:
prevalence ofobstruction (%):

a.
b.
c.

observed
14.8
11.6
2.6

+ 100ml
12.2
9.2
2.0

change inprevalence
-18%
-21%
-23%
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2. PopulationAttributive Risk(PAR):
Pe(RR-1)
with Pe=the proportionexposed inthetotal population
Pe(RR-1) +1
This measurecanonly beusedforadichotomous exposurevariable(0,1).
(see:USDepartmentof Healthand Humanservices:areportofthe Surgeon
General. Rockville,1987)

3. Preventable proportion (PP):

Z P|Ri -ZP*Ri/ZPiRi

Example:
Quartiles ofanexposure variable
0
1 2
3
RR(=Ri)
8
4
2
1
Prevalence (=Pj)
0.25 0.25 0.25 0.25
Prevalence* (=P*)
0
0.50 0.25 0.25
PP=

0.25*4 +0.25*2 + 0.25*1

= 0.47

0.25*1 +0.25*2 +0.25*4 + 0.25*8

Intheexamplethepreventable proportion is47%withashift inexposure ofone
categorytothe right,(see:Wahrendorf J. Int JCancer 1987;40:625-28)
Inshort, they estimate the effect of a shift in exposure for either a dichotomous
exposure variable (exposed yes -> no: PAR) or a categorical variable with
different levels of exposure of which a proportion of subjects in each category
movesto a morefavourable level ofexposure (PP).Whenthe prevalence inthe
non-exposed is known (P1), an odds ratio (OR) can be transformed into a RR,
since RR= OR/(1+P1(OR -1).
These methodswereappliedto:
a. 20-yrCOPDmortality in2953 menaged50-69years (Ch.3and4)

Fruit
Vit. E
Alcohol

compared
lowestvs. highestfertile
lowestvs. highesttertile
< 1 drink/wkvs.>1pwand<3pd

RR
Pe
PAR
1.79 0.50 0.28
1.52 0.50 0.20
1.67 0.27 0.15

Appendix

135

PPforashiftfromlowest-

Fruit
VitaminE

tertile1
1.79
1.52

tomiddleandmiddletohighest-tertile:
RR's
tertile2
0.93
1.33

tertile3
1.00
1.00

PP
0.21
0.14

b. theprevalence ofCOPDsymptoms in 13,651Dutchadults (Ch7)

Fruit
belowvs.abovethe median
Whole grain belowvs.abovethe median
Alcohol
lowvsother1
Overall
allfavourablevsunfavourable
1

n=8669vs.4982

2

n= 1602vs.2578

2

OR
1.28
1.27
1.30
2.27

P1
6.7%
6.8%
8.6%
10.6%

RR PAR
1.26 0.12
1.25 0.11
1.27 0.12
2.00 0.28
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