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Stellingen: 
1. Een voedingspatroon dat overeenkomt met de richtlijnen van de WHO ter prévenue van 

chronische ziekten lijkt de kans op een lang leven te vergroten. 
Dit proefschrift. 

2. Clusteranalyse is een aantrekkelijke méthode om gangbare voedingspatronen in de 
bestudeerde populatie te beschrijven. De gevoeligheid van deze méthode voor detectie van 
verschillen en overeenkomsten in een dataset zorgt er echter eveneens voor dat ze minder 
geschikt is voor gebruik in een internationale context. 
Dit proef schrift. 

3. Dat vœding en gezondheid begrippen zijn die sterk door cultuur worden bepaald wordt 
geïllustreerd door het feit dat alleen in Italie een positief verband werd gevonden tussen 
ervaren gezondheid en energie-inneming. 
Dit proef schrift. 

4. De mate van alcoholgebruik in de Italiaanse cohorten van de Zeven Landen Studie stelt de 
term 'matig alcohol gebruik' in een nieuw daglicht. 

5. Zolang de resultaten van voedingsonderzoek elkaar tegenspreken zou men er goed aan 
doen zieh in de voorlichting enkel te richten op een gezond voedingspatroon. in plaats van 
aparte campagnes te voeren voor afzonderlijke voedingsmiddelen. 

6. Als men net zo kritisch zou zijn ten aanzien van onderzoek in de reguliere geneeskunde als 
men is ten aanzien van onderzoek naar de werkzaamheid van homéopathie, zou de 
kwaliteit van de medische wetenschap en behandeling aanzienlijk toenemen. 

7. De homéopathie zou er bij gebaat zijn als zij de reguliere academische benadering 
algemener zou toepassen. 

8. "Elk nieuw denkbeeld in de wetenschap doorloopt drie fases. Eerst zeggen de mensen dat 
het niet waar is; vervolgens zeggen ze dat het waar is maar niet belangrijk; tenslotte zeggen 
ze dat het waar is én belangrijk, maar niet nieuw." 
Michel de Montaigne, Zestiende-eeuwse Franse wijsgeer. 

9. De wetenschap is een bedrijf geworden met strakke, duidelijk geformuleerde regels. Dit 
bevordert de kwaliteit van het onderzoek met betrekking tot bijvoorbeeld 
reprodueeerbaarheid en validiteit. Echter, het kan beperkend werken op creativiteit en 
vernieuwing. 

10.Echte vriendschap overstijgt geografische grenzen. 

11."Sisters are doing it for themselves" 
Lennox / Franklin. 

12.Geloof hen die de waarheid zoeken, twijfel aan hen die ze gevonden hebben. 
André Gide (1869-1951). 

Stellingen behorende bij het proefschrift "Dietary patterns and health in the elderly. A north-
south comparison in Europe." 
Patricia Huijbregts, 16mei 1997. 
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"Bevreesd zijn om ouder te worden is bevreesd 
zijn voor iets dat onvermijdelijk voortvloeit uit 
het feit dat wij bestaan, het is een zwakheid; 
wie het bedroeft niet jong meer te zijn, vindt in 
wezen dat hij maar beter niet geboren had 
kunnen worden, of dat de tijd niet zou moeten 
voortgaan Van hoeveel wijsheid zou het 
getuigen, hoe geluklcig zouden wij zijn, 
wanneer wij sereen en met gepaste tred door 
het leven konden gaan, op elke leeftijd konden 
zijn wat wij zouden moeten zijn, zonder te 
treuren om wat wij eerder zijn geweest, en 
uiteindelijk bij het einde van dit leven 
aanlanden om het onaangedaan en zonder 
spijt weer te vertaten." 

Belle van Zuylen 
Ik heb geen talent voor ondergeschiktheid 





Abstract 
DIETARY PATTERNS AND HEALTH IN THE ELDERLY. 
A north-south comparison in Europe 
PhD Thesis. Agricultural University Wageningen, The Netherlands and The National Institute of 
Public Health and the Environment, Bilthoven, The Netherlands. 

Patricia P.C.W. Huijbregts 

The aim of this thesis was to gain more insight into the role of dietary intake as a determinant of 
different aspects of health, e.g. cognitive function, functional status, self-rated health and mortality. 
Dietary patterns, obtained from cluster analysis or a healthy diet indicator (HDI), were used instead of 
single nutrients to investigate these associations. The results are based on different datasets. The 
largest part was performed in five population-based samples from three European countries 
participating in the Seven Countries Study: East and West Finland, Zutphen in The Netherlands, and 
Crevalcore and Montegiorgio in Italy. Around 1970, this dataset consisted of more than 3000 men 
aged 50-69 years. Around 1990 more than 1000 of the men aged 70-89 years participated in the 
follow-up. Another dataset used, comprised the information of 272 men and women aged 64-87 years 
in 1971, from a general practice in Rotterdam, The Netherlands. 

The first part of the thesis concerned the use and the comparison of cluster analysis and the healthy 
diet indicator. Using cluster analysis, groups with different dietary patterns can be discerned, which 
have different profiles of risk factors for cardiovascular diseases. Furthermore, an association was 
observed with 17-year all-cause mortality among men. The HDI, a score which is based on uniform 
cut-off values derived from recommendations of a WHO study group, appeared to be less dependent 
from the dataset under study. It was also associated with 17-year all-cause mortality in men but not in 
women. 

The remaining part of the thesis concerned the associations of dietary intake with several 
determinants of health status at old age in the combined datasets of Finland, Italy, and The 
Netherlands. Cross-sectional analysis of the dietary intake at old age (collected around 1990) 
indicated that the general patterns of dietary intake of the different cultures could still be recognised. 
A retrospective comparison with the dietary intake at middle age (around 1970) lead to the conclusion 
that since then, the dietary partem of the Finnish and Dutch cohorts had changed slightly into the 
direction of a more healthy diet, e.g. less atherogenic, while the diet of the Italian men had remained 
Mediterranean. A healthy diet, as calculated by the HDI, was associated with a reduced 20-year all-
cause and cardiovascular mortality in the three different cultures. Furthermore, there was a tendency 
towards a better cognitive function among the elderly men with a better HDI in four out of five 
cohorts. Physical disabilities were accompanied by lower energy intake in elderly men in all three 
countries. This association was largely, but not completely, due to a lower physical activity. Self-rated 
health seemed to be a very culture dependent variable, since more than 80% of the elderly men in 
Finland felt moderately or not healthy, while this was only 20% and 10% in Italy and The Netherlands 
respectively. Only in Italy, a low self-rated health was associated with a lower energy intake. Since 
the studies on cognitive funtion, physical disabilities and self-rated health were designed cross-
sectional it cannot be decided whether the observed associations were causal or not. 

In conclusion, the studies presented in this thesis underline the importance of dietary intake in the 
maintenance of health at old age (e.g. mortality, cognitive function, functional status, self-rated health). 
Instead of calculating the associations of several health outcomes with single nutrients, a dietary pattern 
approach was used. The results of this international study on diet and health suggests that a healthy 
dietary pattern might have a beneficial effect on health status, but longitudinal studies are needed to 
confirm this assumption. 
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General Introduction 

Introduction 
The population of elderly people has been growing rapidly during the last decades of the 20th 
century1. In the past, the Dutch population was characterised by a large proportion of young 
(0-14 years) and a relatively small proportion of elderly people (65 years and older) . The 
post-war baby-boom and the decrease of the number of births after 1970 lead to an age 
distribution which is characterised by a decreasing proportion of young and an increasing 
proportion of elderly people. In the Netherlands, from 1950 to 1990 the number of elderly 
aged 65-74 years increased with almost 90%. Between 1950 and 1990 also the so-called 
double greying took place, i.e. the number of the very old (75 years and older) increased with 
over 140%. It is expected that the proportion of elderly people will increase further during the 
next twenty years2. Prognoses for The Netherlands indicate that while the percentage of 
elderly people aged 65 years and over is 13.3% in 1996, it will be 14.9% in 2010 and 18.4% in 
2020 5 . 

This change in age distribution of the population and the increasing proportion of elderly 
people is an important reason for the increase in the prevalence of chronic diseases and 
disabilities during the next twenty years. This will lead to an increased use of health care 
services and thus result in increasing health care costs 2 ' 4 . It is therefore important to gain 
insight into the determinants of these diseases and disabilities and to find possibilities for 
prevention. 

One can distinguish five groups of determinants of disease: biological factors, physical 
environment, life style, social environment, and the health care system2. Examples of life style 
variables are cigarette smoking, alcohol consumption, physical activity, and dietary habits. 
Several studies among people at middle age have indicated that relationships exist between 
dietary intake and chronic diseases such as cardiovascular diseases or different types of 
cancer 5 , 6. Furthermore, intervention studies have indicated that dietary changes might reduce 
mortality and increase quality of life, especially among elderly2'7. Thus, the main aim of this 
thesis was to gain more insight in the role of dietary intake as a determinant of health at old 
age. 

In this introduction, three basic issues will be presented that will be addressed in the thesis. 
Firstly, the rationale will be presented for the use of dietary patterns instead of single nutrients 
or dietary components. Secondly, in most of the studies we used data from three countries of 
the former Seven Countries Study5. This international approach has advantages but also 
consequences for the analyses of dietary data and for the interpretation of the results. Finally, 
the role of diet as a determinant of health and its relation to other determinants at old age will 
be taken into account. 

Dietary patterns 
Traditionally, relationships between diet and health have been studied using single nutrients or 
components of the diet. However, it might be more convenient to study dietary patterns 
instead of single nutrients or food groups. Using dietary patterns, a number of problems can be 
avoided. First of all, the intake of nutrients within an individual's diet is usually highly 
intercorrelated due to the choice of food in which these nutrients occur, or due to the 
consumption of a particular food at the expense of another one 8. In free living populations the 
absolute amounts of major nutrients consumed are positively correlated with total energy 
intake and with each other8. Because of these intercorrelations, conclusions drawn from cross-
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Chapter 1 

sectional population data with respect to single nutrients or food groups might be wrong. 
Secondly, the search for groups with specific dietary patterns in a population also provides 
possibilities for prevention. It can give insight in specific (dietary) problems of groups at risk 
for chronic diseases or disability. 

The methods to measure dietary patterns can be divided in cluster analysis, factor analysis, 
and the use of scores. The purpose of cluster analysis is to aggregate individuals into groups 
on the basis of their dietary intake in such a way that the degree of similarity is higher within a 
group than between groups 9" 1 3. Foods, nutrients expressed in grams/day, or nutrients 
expressed as a percentage of total daily energy intake are used as a basis for clustering 
procedures. In factor analysis, variables instead of individuals are grouped together. The 
procedure generates factors which contain linear combinations of the original variables and 
uncorrelated random error 1 4 - 1 5 . Subjects can then be assigned to the different factors on the 
basis of their individual highest factor score. 

Dietary scores can be calculated in different ways 1 6" 1 9 . For example, a score can be calculated 
to measure the diversity of the diet, counting the number of food groups in the diet 1 7. This 
relative simple method gives only information about the number of different food groups in 
the diet. It provides no quantitative information about the amounts of foods consumed in each 
food group. Another method is to divide the individual daily intake of a nutrient by the age-
and sex-specific RDA for that nutrient (the Nutrient Adequacy Ratio (NAR)) 1 6. Then, a Mean 
Adequacy Ratio (MAR) can be calculated by dividing the sum of NARs for single nutrients by 
the number of nutrients being assessed. The method provides an index of the average percent 
of recommended intake for several nutrients and is therefore a measure for the quality of the 
total diet. A third method is the healthy diet indicator (HDI) described in this thesis. This 
score measures the degree of accordance of an individual's diet with recommendations (foods 
and nutrients) for the prevention of chronic diseases, defined e.g. by the WHO in 1990 2 0 . 

In this thesis two methods will be explored to measure dietary patterns: cluster analysis and 
the healthy diet indicator. We choose for cluster analysis because it is a more direct way to get 
a picture of the actual situation in the data-set with respect to dietary intake compared to factor 
analysis. The cluster analysis procedure directly groups the subjects in the data set on the basis 
of their dietary intake. In factor analysis an extra step has to be taken: people have to be 
assigned to one of the factors on the basis of their highest factor score. Furthermore, this can 
cause difficulties when an individual is "close" to two or more factors. The HDI was chosen 
because it is based on generally applicable dietary recommendations for the prevention of 
chronic diseases. Thus, it provides a relatively independent measure of the quality of an 
individual's dietary intake. 

The use of international dietary data 
A large part of the studies was performed in population-based data from three European 
countries which formerly participated in the Seven Countries Study: Finland, Italy, and The 
Netherlands. In Finland, a typical northern European diet is consumed, which is characterised 
by a high consumption of animal products and potatoes. In Italy, representing the south of 
Europe, a Mediterranean diet was consumed. This diet contains a high intake of cereal 
products, vegetables, legumes, olive oil, and little animal products 2 1" 2 3. The Dutch cohort 
(Zutphen) was positioned in the middle. Several studies have indicated that the northern 
European diet is rather atherogenic while the Mediterranean diet has a beneficial effect on 
health 2 2 ' 2 3 . Thus, we could make use of the large variation in dietary intake between countries. 
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General Introduction 

Studying the associations between diet and health in such an international data set has the 
advantage that the variation in variables under study is larger than in national studies. Thus, 
associations can be demonstrated that would not be visible within one culture. However, one 
has to be aware that dietary intake and culture are highly correlated. This can have 
considerable consequences for the analysis of the dietary data. For example the use of cluster 
analysis might be problematic. Also the pooling of international data has to be done with 
caution because it is almost impossible to reach complete comparability of data due to for 
example cultural differences. In chapter 9 this issue will be discussed in detail. 

Determinants of health in the elderly: the role of diet 
Especially among elderly people, health status is determined by many factors. Figure 1 
describes all these factors and demonstrates how they might be related to each other and to 
dietary intake in a layered structure2. Determinants can be divided in endogenous and 
exogenous, indicating an interaction or balance between the genetic background of the 
individual and the influence of the environment. The latter are especially important at old age 
because in that case one has had a whole lifetime of possible exposure to them. In elderly 
people, age is an important 'acquired' determinant of health. Due to ageing the capability of 
dealing with the influence of exogenous risk factors changes. In the layered structure, the 
endogenous determinants are closest to health status itself, and the difference between health 
status and these determinants is not always clear. Also, certain diseases can be determinants 
for other diseases. Therefore, myocardial infarction, angina pectoris, and intermittent 
claudication, are sometimes included in the multivariate models as possible effect modifiers 
of associations between dietary intake and the different health end points. 

The exogenous determinants may interact with the endogenous determinants. This refers to 
the concept of interaction between the genetic background of the individual and the influence 
of the environment. Especially life style, including dietary intake, is characteristic for an 
individual and has therefore a special relationship with endogenous determinants. 
Furthermore, there are also interactions between the different exogenous determinants. For 
example, associations have been demonstrated for food intake with physical activity 2 4 - 2 5, 
alcohol consumption 2 6 ' 2 7 and smoking behaviour 2 5. Exogenous variables concerning the social 
environment are income, education, living alone or social isolation, which also have a 
considerable impact on dietary intake among elderly 2 5 - 2 7 " 3 2 . This thesis aims at a further 
clarification of these interactions between exogenous variables. 

Dietary intake (life style) is the central variable in the analyses performed for this thesis, and 
associations were studied with cognitive function, functional status, and self-rated health. 
These variables are all indicators of health status at old age and are located in the layer of 
indicators of health status. Because of interactions with other exogenous and endogenous 
determinants they are also determinants of health status. Studies have indicated that dietary 
intake might influence cognitive function, functional status, and self-rated health 2 5 - 2 1 • 3 0 - 3 1 , 3 3 ~ 
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Figure 1. Model of determinants of health, derived from the conceptual model for Public 
health Status and Forecasts in The Netherlands2. 
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Outline of the thesis 
The three main points of attention which were mentioned will be addressed in the different 
chapters of this thesis. In chapters 2 and 3 two methods are introduced to measure dietary 
patterns. The first method is cluster analysis, and the second is the calculation of a dietary 
score, the healthy diet indicator (HDI), based on dietary recommendations for the prevention 
of chronic diseases made by a WHO Study Group in 1990 2 0 . Both studies were performed on 
Dutch data sets. Chapter 4 deals with a general description of dietary intake of elderly men in 
Finland, Italy and The Netherlands around 1990 and how diet had changed during the 
previous 20 years. In chapters 5 to 8 the associations between dietary intake and several 
aspects of health status among elderly are investigated. In chapter 5 and 6 results are presented 
of an international study on the association of the HDI with mortality and cognitive function 
respectively. The association of dietary and energy intake with functional status and the role of 
physical activity are addressed in chapter 7. Chapter 8 presents the association of diet and 
energy intake with self-rated health in the three countries. The results of the studies presented 
in this thesis are discussed in chapter 9. 
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