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ABSTRACT

Haveman-Nies, A (2001); Dietary quality, lifestyle factors and healthy ageing in
Europe. PhD thesis, Wageningen University, The Netherlands. ISBN 90-5808-534-1

The contribution of dist and lifestyle factors to healthy ageing was investigated in Euro-
pean elderly, born between 1913 and 1918, of the SENECA study. First, the Mediterra-
nean Diet Score (MDS), Healthy Diet Indicator (HDI}, and cluster analysis were validated
as measures of quality of dietary patterns in the SENECA study as well as the
Framingham study. Cluster analysis, MDS, and HDI showed strong similarities in the
classification of persons into dietary quality groups. High-quality diets were associated
with nutritional status and health-related indicators. It is concluded that dietary quality
can be assessed using dist scores as well as cluster analysis, the approaches being
complementary.

The relationships of the three lifestyle factors diet, physical activity, and smoking
habits to survival and maintenance of health at old age were investigated, using Cox’s
proportional hazards analysis and Idgisiic regression. Single unhealthy lifestyle behav-
iours were related to an increased mortality risk. For men, the mortality risk for a iow-
quality diet was 1.2 (95 percent confidence interval (C1): 0.9, 1.7), for inactivity 1.4 (95%
Cl: 1.1, 1.7), and for smoking 2.1 (85% CI: 1.6, 2.6). For women, the mortality risk for
smoking was 1.8 (95% Cl: 1.1, 2.7}, for inactivity 1.8 (95% CI: 1.3, 2.4}, and for a low-
quality dist 1.3 (95% Cl: 0.9, 1.8). The risk of death was increased for ali combinations
of two unhealthy lifestyle behaviours. Men and women with three unhealthy lifestyle be-
haviours had a three to four-fold increase in mortality risk. Self-rated health and func-
tionai status both deciined in men and women with healthy and unhealthy lifestyle habits
over a 10-year follow-up period, but the deterioration in health was delayed by the
healthy fifestyle behaviours, non-smoking and physical activity. Inactive men had a 2.8
(90% Cl: 1.3, 6.2) times increased risk for a decline in self-rated health and a 1.9 (90%
Cl: 0.9, 3.9) times increased risk to become dependent. Smoking men had a two-fold in-
creased risk (90% CI: 1.0, 4.1) for a decline in self-rated health and a 2.2 (90% CI: 1.1,
4.5) times increased risk to become dependent. In women, inactivity was related to a 2.6
(90%Cl: 1.4, 4.9) times increased risk to become dependent.

In conclusion, a lifestyle characterised by non-smoking, physical activity and a
high-quality diet contributes to healthy ageing. A healthy lifestyle at older ages is posi-
tively related to a reduced mortality risk and to a delay in the deterioration in health
status. This postponement of the onset of major morbidity is likely to go together with a
compressed cumulative morbidity. It is concluded that health promotion at older ages
can contribute to healthy ageing.

Keywords: dietary quality, dietary patterns, lifestyle factors, smoking, physical activity, elderly, mortality,
Mediterranean Diet Score, Healthy Diet indicator, healthy ageing, self-rated health, functional status
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CHAPTER 1

CONSEQUENCES OF DEMOGRAPHIC DEVELOPMENTS IN EUROPE

In Europe, life expectancy increased rapidly in the last century. This increasing life ex-
pectancy was caused by the sharp drop in infant mortality in the first half of the century,
and the decrease of mortality at middie and old ages in the second half of the century.
The fight against infectious diseases had a large impact on the reduction of early mortal-
ity (de Beer, 1999}, Around 1900, life expectancy at birth ranged from 35-40 years in
Southern Europe to 50-55 years in the Scandinavian countries. in the twentieth century,
life expectancy increased to 75 years or more in Western European countries. Within
Woestern Europe, the rate of improvement varied significantly between individual coun-
tries (Kinsella, 1992, WHO, 1998). At present, different patterns of diseases and cause-
specific mortzlity are observed in Europe. The proportion of subjects that die because of
coronary heart disease is twice as high in Sweden as in France, and dying from specific
types of malignancy varies highly between the European countries (Prinsze & Achter-
berg. 1997, WHO, 1998). For the twenty-first century, a further modest increase of the
average life expectancy in Europe may be feasible. However, World Health Organisation
calculations (1998) for life expectancy in European countries during the twenty-first
century show beside improvement, also stagnation (e.g. in Danish women) or even a
decline (e.g. Eastern Europe).

As a result of the increasing life expectancy and the decreasing number of chil-
dren born in twentieth-century Europe, a growing share of elderly people in the popula-
tion appearad. This proportion of elderly people in the population will increase unevenly
within Europe (Verhoef & Garssen, 1999). In The Netherlands it is expected that the
share of elderly people aged 65 and over will rise from 13% at present to 25% by 2040
(Statistics Netherlands, 2001). This doubling of the elderly population within the coming
40 years will result in a massive need for additional short- and long-term medical serv-
ices.

The sharp rise in the ageing population is largely responsible for the increase of
chronic diseases, in particular cancer and cardiovascular diseases, and is accompanied
by an increasing amount of disability, functional impairment, and lowered quality of life
{van Hoom et al., 1999; Khaw, 1997; Matsubayashi et al., 1996}. The process of ageing
and the incidence of diseases is influenced by lifestyle factors, environmental factors,
and biological factors (Fries, 1992; Verbrugge & Jette, 1994). This thesis investigates
the relationship between a limited number of modifiable lifestyle factors and health
status in a European elderly population.

HEALTHY AGEING

In view of the increasing number of elderly people, accompanied by the great demand
for health care facilities, promotion of health at older ages is a major challenge of public
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GENERAL INTRODUCTION

health policymakers of Western European societies. Health is a multidimensional con-
cept and is defined by the WHO (1948) as “a state of compiete physical, mental and so-
cial well-being, and naot merely the absence of disease or infirmity”. Other definitions
emphasise that health is a dynamic and hypothetical concept without a direct empirical
representation (Essink-Bot, 1995; Portrait, 2000}. Wilson et al. (1995} and Verbrugge &
Jette (1994) developed a sociomedical concept that proposes a classification scherme
for different measures of health outcome. This model includes objective and subjective
measures of health and is moving from the cell level to the individual level and from the
individual level to the interactions of the individual as a member of socisty. Five levels of
health outcomes were distinguished: biological and physiological factors, symptoms,
functioning, general health perceptions, and overall quality of life. It follows from this
model that health status has rmany aspects, and a combination of health indicators gives
the best reflection of the broad concept of heaith status.

Health status is closely related to the ageing process. The biological process of
ageing and its clinical manifestations reflect the interactions between our genetic inheri-
tance and environmental influences. The ageing process includes progressive and irre-
versible biological changes, resulting in a growing risk of chronic diseases, cognitive im-
pairments, impairment of functions, and an increased probability of dying {Bowling &
Ebrahim, 2001; Jolles et al., 1995, Khaw, 1997; Verbrugge & Jette, 1894). The ageing
process does not only manifest itself in physical and mental iliness, but also influences a
person’s perception of health (Krause & Jay, 1994). As people hecome older, they are
less likely to focus on the physical aspects of their health and value qualitative aspects
higher (Borawski et al., 1996).

Two health patterns related to ageing are distinguished by Vellas et al. (1992): a
gradual functional decline related to the normal ageing process, and a relatively rapid
decline in functional status due to progressive iliness or a catastrophic event, such as
Alzheimer’s disease or a hip fracture. In the description of healthy ageing by Campion
(1998), the phases of a gradual and a rapid decline in health status also appear. The
author describes healthy ageing as the ideal situation in which peaople survive to an ad-
vanced age with their vigour and functional independence maintained, and morbidity and
disability compressed into a relatively short pericd before death. In this description the
first phase encloses a long period of a few decades in which health status slowly dete-
riorates as a result of the normal ageing process. The second phase includes a short pe-
riod of maximal a few years prior to death with an accelerated decline in health status,
mainly as a consequence of progressive illnesses or catastrophic events (Campion,
1998; Fries, 1980). Because healthy ageing is a comprehensive concept, only a small
part of it is discussed in this thesis. This thesis focuses on three health aspects: vital
status (being alive or not), functional status, and self-rated health. Functional status is an
objective indicator of health status, specifying the level of dependence in performing ac-
tivities of daily living (Osler et al., 1991). Vital status is an objective indicator and has a
very clear endpoint. Self-rated health is a subjective health indicator, summarising indi-
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vidual health aspects, weighed by personal values and preferences (Jylha, 1994; Man-
derbacka, 1998). These health indicators are inclusive measures as they are considered
to be the results of all kinds of underlying diseases and conditions. Especially in the eld-
erly population inclusive measures are useful, because different diseases and conditions
coexist.

DETERMINANTS OF HEALTH STATUS AND SURVIVAL
Health status and survival can be influenced directly and indirectly by many factors. Fig-

ure 1 presents a conceptual model that describes the relationship between health status
and endogenous determinants, exogenous determinants, and the health-care system.

Health care and Prevention

Exogenous determinants

Physical Diet &
conditions Litestyle

Endogenous determinants

Inheritance Achievements

Figure 1. Determinants of health status, a conceptual model bassd on a model of the National Institute of
Public Health and the Environment, The Netheriands (Maas et al,, 1997)

Endogencus determinants of health status include hereditary (gender) and achieved
(immunity) characteristics. Exogenous determinants are dietary and lifestyle factors and
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physical and social conditions, for example dietary patterns, smoking, climate, environ-
mental pollution, social network, and economic situation. Health care and prevention is
the third main determinant group and involves all activities to maintain and improve
health status. Figure 1 shows how these main determinant groups are interrelated. This
thesis focuses on the three modifiable lifestyle factors: diet, physical activity, and smo-
king, which are correlated with physical and social conditions. For example, the physical
condition climate has an effect on crop growth and may thereby influence dietary pat-
ters. Social situation, such as the presence of meal facilities,' can influence dietary
quality. But on the other hand, smoking mediates the exposure to toxic substances, and
inactivity reduces the prospects for social interactions. Health status is the outcome of
the interaction between exogenous and endogenous determinants. Lifestyle habits
weaken or strengthen the genetic expression of a disease and, in reverse, endogenous
determinants affect a person’s lifestyle habits. Health promotion programs can affect
health status by promoting or facilitating a healthy lifestyle (Maas et al., 1997).

From the three modifiable lifestyle factors, dietary intake is the most complicated
lifestyle factor. 1t can be quantified in many ways, for example in nutrients, foed groups,
or dietary patterns. This thesis focuses on dietary patterns including multiple dietary
variables. The distary pattern approach does justice to the highly interrefated nature of
dietary variables and complexity of the diet, howsever, it is difficult to express the total
diet into one variable. No “golden standard” method exists to assess dietary patterns,
and therefore much attention has been paid to the assessment of dietary patterns in this
thesis. The three modifiable lifestyle factors -diet, physical activity and smoking- differ
across Europe. In both Northern and Southern Europe, a high proportion of men smoke,
but Northern European women are more likely to smoke than Southern European
women (Graham, 1996). Work, household, sport and leisure time activity patterns vary
widely among elderly Europeans (Osler et al. 1991). Further, Schroll et al. (1993) and
Huijbregts et al. (1995a) describe a wide variety in dietary patterns in elderly Europeans.
The European setting is especially well suited for the study of lifestyle factors in relation
to survival and health status, because of these substantial differences in smoking, die-
tary, and activity patterns.

THE LONGITUDINAL SENECA sTuDY

In 1988, the European multi-centre SENECA (Survey in Europé on Nufritioh and the
Elderly: a Concerted Action) study was initiated to study cross-cultural differences in
dietary patterns and lifestyle factors affecting health and performance. At baseline 2586
¢lderly persons from 19 European towns participated. Follow-up measures were per-
formed in 1993 {Follow-up study} and 1999 (Finale study) in order to study changes in
health status and lifestyle factors in a population that is moving from a rather healthy
élderly population into a population with a deteriorated health status. From the 19 cen-
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tres that started in 1988, nine towns in the following countries compieted the three stud-
ies: Belgium, Denmark, France, ltaly, The Netherlands, Portugal, Spain, Switzerland,
and Poland. In addition, information on vital status (date and cause of death) was ob-
tained for the 10-year follow-up period to relate lifestyle to mortality. At baseline, the
SENECA subjects were selected from a random age- and sex-stratified sample of in-
habitants from small European towns. All inhabitants born between 1913 and 1918 were
eligible to be enrolled in the study, only subjects living in a psycho-geriatric nursing
home were excluded at baseline. Dietary intake, lifestyle factors, vital status, indicators
of health status, and other measurements were collected according to a strictly stand-
ardised methodology both over time and across Europe (de Groot & van Staveren,
1988). Table 1 shows the vital status of the SENECA participants over the 10-year fol-
low-up period.

Table 1. Number of survivors, participants that died during the follow-up period and number of partici-
pants lost to follow-up, by SENECA cenire

Men Women
Baseline Finale study Baseline Finale study
1988/89 1999 1988/89 1999
alive deceased tostto alive deceased lostto
follow-up follow-up
N n n (%) n N n n {%) n
Canlre:
Harnme, Belgium 126 56 70 (56) 0 105 75  30(29) 0
Roskilde, Denmark 101 47 54 (54) 0 11 84 36 (36) 1
Haguenau, France 110 52 58 (53) 0 110 84 26 (24) Q
Romans, France 142 63 77(59) 2 137 103 32 (24) 2
Padua, ltaly 97 41 38(48) 18 93 59 17 (22) 17
Cutemborg, the Netherlands 114 47 67 (59) 0 124 84 40 (32) 0
Vila Franca de Xira, Porfu:gal 11 60 51 (46) 0 111 74 37 (33) o
Betanzos, Spain 88 45 41 {4B) 2 119 84 35 {29) 0
Yverdon, Switzerland 123 64 58 (48) 1 126 24 31 (25) 1
Burgdorf, Switzerland 30 18 14 (47) 0 30 23 7 (23) ]
Bellinzona, Switzerland 30 16 14 (47) 0 30 18 11 (38) 1
Marki, Poland 19 7 12 (63) Q 23 15 8 {35) 0
OBJECTIVE OF THE THESIS

The overall objective of this thesis is to identify dietary and lifestyle factors that contrib-
ute to healthy ageing. This objective is investigated in three steps. First, different deriva-
tives of dietary patterns are compared and evaluated as classifiers of dietary quality.
These analyses provide insight in characteristics of measures of dietary patterns for us-
age in follow-up analysis. The second step is to identify initial dietary and lifestyle factors
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GENERAL INTRODUCTION

that are important for survival and the maintenance of health at old age. Finaily, it is dis-
cussed how lifestyle factors of survival and health contribute to healthy ageing.

OUTLINE OF THE THESIS

The longitudinal SENECA study started with a baseline measurement in 1988/89, and
was repeated in 1993 and 1999. Depending on the aim of the study in chapter 2 to 6,
data of different measurement periods were used for the analyses. The results of chap-
ter 2 are based on data of the baseline study. Chapter 3 and 4 include data of the follow-
up study of 1993, and chapter 5 and 6 used data of all three measurement periods.
Chapter 2 evaluates the dietary patterns of Europsan and American elderly; the dietary
pattern is described on the basis of the total daily food intake. Chapter 3 and 4 focus
morg specifically on snack patterns. In chapter 3 the contribution of snacks to total daily
ensergy and micronutrient intake is investigated for the European countries, and in
chapter 4 the contribution of snacks to total daily vitamin and mineral intake is investi-
gated in more detail for The Netherlands. In chapter 5 the three modifiable litestyle fac-
tors -diet, physical activity, and smoking- are related to mortality. For almost all SENECA
participants that started at baseline in 1988, vital status was identified aiter the 10-year
follow-up period. This information is related to the singlé and combined lifestyle factors.
In addition, the same three lifestyle factors were related to other health measures (self-
rated health and functional status) in a sample of elderly persons who survived the 10-
year follow-up period and participated in all three measurement periods (Chapter 6). Fi-
nally, in chapter 7 the methodological problems are discussed and the general conclu-
sion is drawn by discussing the three steps described above.
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DIETARY PATTERNS OF ELDERLY AMERICANS AND EUROPEANS

CHAPTER 2

EVALUATION OF DIETARY QUALITY IN RELATIONSHIP TQ NUTRITIONAL
AND LIFESTYLE FACTORS IN ELDERLY PEOPLE OF THE
US FRAMINGHAM HEART STUDY AND THE EUROPEAN SENECA sTuDY

A Haveman-Nies, KL Tucker, LCPGM de Groot, PWF Wilson, WA van Staveren
Europsan Journal of Clinical Nutrition 2001,55: 870-880
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ABSTRACT

Objective of this study is to evaluate dietary quality of European and American elderly
subjects using different derivatives of dietary patterns {dietary scores and clusters) and
to investigate the relationship of these approaches to nutritional and lifestyle factors.
Data from the cross-sectional SENECA baseline study and Framingham Heart Study
{original cohort and offspring) were used for data analysis. Food intake data were sum-
marised into dietary clusters and into dietary scores (Healthy Diet Indicator and Mediter-
ranean Diet Score). These measures of dietary quality were then tested for associations
with lifestyle factors and measures of nutritional status. The study population, aged 70-
77 vears, consisted of 828 subjects from Framingham, Massachusetts (USA) and 1282
subjects from the following European centres: Hamme, Belgium; Roskilde, Denmark;
Padua, ltaly; Culemborg, The Netherlands; Vila Franca de Xira, Portugal; Betanzos,
Spain; and Yverdon, Burgdorf, Bellinzona in Switzerland. Dietary intake varied widely
across the European and American research centres. In general, Southern European
centres and Framingham had higher mean diet scores, indicating a higher dietary qual-
ity, than Northern European centres (MD-scores: 4.2 — 4.4 vs 2.7 — 3.5). Cluster analysis
identified the following five dietary patterns characterised by: 1) Sugar & sugar products;
2) Fish & graim; 3) Meat, eggs & fat; 4) Milk & fruit, and 5) Alcoho! intake. The Meal,
eggs & fat pattern had significantly lower average dietary quality, as measured with all
three diet scores than alf other clusters except the Alcohol cluster. The Fish & grain
cluster had significantly better Mediterranean diet scores than all other clusters. High-
quality diets were associated to less body fatness, non-smoking, and to greater physical
activity. Dietary scores and distary clusters are complementary measures to classify
dietary quality. The associations with nutritional and lifestyle factors indicate the ade-
quate categorisation into dietary quality groups.
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INTRODUCTION

In addition to single dietary components or nutrients, measures of overall dietary pat-
terns are important in investigating the relationship between diet and health status (Huij-
bregts et al., 1997a; Kant, 1996; Trichopoulou et al., 1995a}. While the approach of die-
tary patterns seems to have many applications in nutritional research, no “golden stan-
dard" method has been developed to assess these dietary patierns (Oliersdorf et al.,
1999). Therefore, more knowledge about dietary patterns is needed to relate diet to
health status for identifying groups at nutritional risk.

To make dietary patterns operaticnal, two common methods are cluster analysis
{Akin et al., 1986; Haveman-Nies et al., 1998; Hulshof et al., 1992; Schroll et al., 1996;
Tucker et al., 1992) and calculation of diet scores (Haines et al., 1999; Kennedy et al.,
1985; Lasheras et al., 2000; Osler & Schroll, 1997, Patterson et al., 1994; Trichopoulou
et al., 1995b). Cluster analysis explores the categorisation of persons into groups on the
basis of similarity in food intake (for example Alcohol drinkers; Milk, cereal & fruit eai-
ers). Diet scores are based on dietary guidelines and are applied to identify groups with
good or poor nutritionai status. In Europe and the United States, existing measures of
overall dietary quality include the Diet Quality Index (Revised) {(Haines et al., 1999),
Healthy Eating Index {Kennedy et al., 1995), Mediterranean Diet Score {de Groot et al.,
1896; Trichopoulou et al., 1995b) and the Healthy Dist Indicator (Huijbregts et al.,
1997a). These diet scores differ in diet components, scoring rates and definition of cut-
off values. In spite of these differences, diet scores as well as cluster analysis have been
shown to be useful tools to identify groups with different nutritional status (Haines et al.,
1999; Huijbregts et al., 1997b; Trichopoulou et al., 1995a; Tucker et al., 1992).

This article evaluates the dietary patterns of 1282 European subjects from the
SENECA study and 828 American subjects from the Framingham Heart Study. These
datasets permit us to calculate two European scores: the Healthy Diet Indicator and the
Mediterranean Diet Score. We used these scores and cluster analysis to relate dietary
quality to nutritional status and lifestyle factors.

METHODS

Subjects

Subjects, aged 70-77 years, were selected from the American Framingham Heart Study
and the European SENECA (Survey in Europe on Nutrition and the Elderly: a Concerted
Action) study. The Framingham Heart Study, initiated in 1848, is a longitudinal study to
examine risk factors for heart disease. The study population, aged 30-62 years at base-
line, was selected at random from residents in Framingham, Massachusetts (F/MA).
These predominantly white subjects and, later on their offspring, are followed in 2 - 4 y
cycles. For the present study, 828 elders from the original cohort (cycle 20, data collec-
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tion between 1988 and 1990) and the offspring cohort (cycle 5, data collection between
1991 and 1994) were included. In this population, the age range of 70-77 years was se-
lected to match that of the SENECA participants. Data for the 1282 European subjects
of SENECA's basseline study were collected in 1988-1989 from a random age and sex-
stratified sample of inhabitants from the following small European towns: Hamme, Bel-
gium (H/B); Roskilde, Denmark (R/DK); Padua, italy (P/l); Culemborg, The Netherlands
(C/NL); Vila Franca de Xira, Portugal (V/P), Betanzes, Spain (B/E); and Yverdon,
Burgdorf, Bellinzona in Switzerland (Y,Bu,Be/CH). Both studies included mostly non-
institutionalised elders, ranging from 89% in Framingham/MA to 100% in Padua/l. The
représentation of men and women was almost equal in all centres (ranges: 43 - 57%}.
For a detailed description of the Framingham Heart Study and SENECA’s baseline
study, see elsewhere (Dawber et al., 1951; de Groot & van Staveren, 1988).

Assessment of food and nutrient intake

In the Framingham Heart Study, nutrient and food group intake were measured with the
Willett 126-item semi-quantitative food-frequency questionnaire. This questionnaire has
been extensively validated against diet records and biochemical indicators {(Jacques et
al., 1993; Rimm et al., 1992; Willett et al., 1985). The food-frequency questionnaire was
mailed to subjects for completion at home and checked during their clinic visit. The food
frequency questionnaire directed subjects to estimate their usual intake of a standard-
ised portion of a given food item. Nine non-overlapping response categories, ranging
from ‘never, or less than once per month’ to ‘2 6 times per day’, were provided.

In the SENECA study, food intake data were collected by trained personnel using
the modified dietary history method (de Groot & van Staveren, 1988). This method is
characterised by a 3-day estimated record and a frequency checklist of foods, based on
the meal pattemn of the country. Portion sizes were based on standard portion sizes
and/or checked by weighing. Foods were coded and analysed for nutrient composition in
each participating centre separately, using country-specific food compaosition tables {van
‘t Hof et al., 1991). In both studies, the food and nutrient variables used for this analysis
did not incorporate supplemental intake.

Food groups and dietary scores

To make food intake data of the Framingham Heart Study comparable to food intake
data from SENECA's bassline study, 12 food groups, based on the EUROCODE system
{Arab et al,, 1987) were defined for both studies. Table 1 describes the composition of
these 12 nutrient-spacific food groups: 1} grains; 2) milk & milk products; 3) fruits & fruit
products; 4) eggs; 5) meat & poultry; 6) fish/shellfish; 7} vegetables; 8) fats/oils; 9) leg-
umes/nuts/seeds; 10) sugar & sugar products; 11) non-alcoholic beverages; and 12) al-
coholic beverages. All food items not belonging to one of these 12 food groups {such as
soups, sauces and spices) wera not used for further analysis.

22



DIETARY PATTERNS OF ELDERLY AMERICANS AND EUROPEANS

Table 1. Description of food Hems includad in 12 main food groups

Main food group Food items
1. Grains Rice, wheat, bran, wheat germ,

pizza, pancakes, corn products: bread, cersals, pasta
2, Milk & mitk products Milk, yoghurt, cream, cheese
3. Fruits & frult products Fruit: fresh, dried, frozen or canned
4. Eggs Eggsfegg products
5. Meat & pouliry Poultry, game, beef, pork, sheap, processed meats
6. Fish/shellfish Fish, shrimp, reptiles etc.
7. Vegetables Vegetables and products,

potatoes: french fried, baked, boiled, etc. (no chips)
8. Faty/oils Oils, butter, margarine
9. Lagumes/nuts/seeds Pulses, lima beans, peas, soy beans, tofu,

seeds, nuts, peanut butter
10. Sugar & sugar products Chocolate, candy bars, cookies, cakes, pies, jams/ellies
11. Non-alcoholic beverages Water, coffeeftea, lomonades, carbonated drinks,

fruit and vegetable juices

12. Alcoholic beveragas Beer, wine, liqusur

In this study, the following diet scores were calculated: the Healthy Diet Indicator
(HD!) and two Mediterranean Diet Scores (MDS). The HDI consisted of the following
nine food/nutrient groups: saturated fatty acids; poly-unsaturated fatty acids; protein;
complex carbohydrates; dietary fibre; fruits & vegetables; pulses/nuts/seeds, mono- &
disaccharides; and cholesterol. A dichotomous variable was generated for each of these
groups. i a person’s intake was within the recommended borders of the WHO guidelines
{1990) for the prevention of chronic diseases, this variable was coded one and if the in-
take was outside these borders, it was coded zero. Summation of all these dichotomous
variables resulted in the healthy diet score (range 0 - 9). Since the high alcohol intake in
some Southern Europsean centres would lead to a diluting effect on macronutrient intake
compared to the other countries, macronutrient intake was calculated as a percentage of
energy intake without energy provided by alcohol (Huijbregts et al., 1997a). Two partici-
pants were excluded because of methodological etrors in the calculation of energy and
nutrient intake. For a detailed description of the HDI, see Huijbregts et al. (1997a).

The Mediterranean diet score was described by the following diet items: mono-
unsaturated: saturated fat ratio; alcohol; legumes; cersals; fruits & nuts; vegetables;
meat & meat products; and dairy products (range 0 - 8), We replaced the group legumes
by the group legumes/nuts/seeds and the group fruits & nuts by the group fruits. Two
Mediterranean diet scores were composed, one was based on the traditional Greek
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Mediterranean dist using the sex-specific median intake values of a Greek population as
cut-off values {G-MDS) and the other score was based on the sex and study-specific
median intake values of the research population (FS-MDS). If the subject’s intake was
comparable to the Mediterranean diet, the diet item was coded one and if the intake was
not in agreement with the Mediterranean diet, it was coded zero (for example: if fruit in-
take was above the median value it was coded one, and if it was below the median in-
take it was coded zero). Summation of these dichotomous variables resulted in a high
score for a Mediterranean-like diet and a low score for other diets. For both Mediterra-
nean scores, intake values were adjusted to daily intakes of 10.5 MJ {2500 keal) for men
and 8.4 MJ {2000 kcal) for women. For more details see Trichopoulou et al. (1995a).

Litestyle factors and nulritional status indicators

Information on lifestyle factors was collected with a general interview and nutritional
status was assessed by blood examination and anthropometric measurements. For the
Framingham Heart Study and SENECA’s baseline study, similar answer categories
could be defined for sel-perceived health. The questions on smoking habits differed in
focusing on smoking in general (SENECA) or smoking of cigarettes (Framingharm).
Subjects were classified as current (cigarette) smokers or non-smokers. To quantify
physical activity, the Framingham physical activity index was used in the Framingham
Heart Study and the preliminary version of the Voorrips-score was used in SENECA’s
baseline study (Kannel & Sorlie, 1979; Voorrips et al., 1990). Both questionnaires in-
cluded questions on duration and intensity of different daily activities. For both main
studies sex-specific tertiles (low, moderaie and high physical activity) were composed.
Body Mass Index (BEMI) was calculated as measured weight {kg} divided by height
squared (m2) at time of examination. Weight, height and waist circumference measure-
ments are described in detail elsewhere (Dawber, 1980; de Grooct & van Staveren, 1988;
de Groot et al., 1891). In the Framingham study and SENECA's baseline study, blood
samples were collected and analysed for bleod haemoglobin and serum albumin follow-
ing standardised procedures, described in detail elsewhere (Dawber, 1980; de Groot &
van Staveren, 1988; Dirren et al., 1991). Three subjects were eliminated from the cal-
culation of haemoglobin, because of extreme values (Dirren et al., 1991},

Statigtical analyses
Statistical analyses were carried out using the SAS statistical software package (version
6.12, 1989-1996, SAS Institute Inc., Cary, NC). The Wilcoxon rank sum test was used to
evaluate differences in age, BMI, waist circumference, haemoglobin and serum albumin
and the chi-square test was used to evaluate differences in BMI-categories, smoking
and self-perceived health between men and women.

Cluster analysis was used to divide the study population into a limited number of
clusters with maximally differing dietary patterns. This analysis was based on the daily
intake (g/day) of the food groups described in Table 1, with the exclusion of the group
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non-alcoholic beverages and the replacement of total fat intake for the food group
fats/oils. The food group non-alcoholic beverages was excluded, because the nutrient
composition of the food items in this group varied highly {juices as well as carbonated
beverages (regular and light)) and the intake of non-alcoholic beverages in Vila Franca
de Xira/F was underreported (water per se was not recorded). The large difference in
intake of the group fats/oils between the two studies is probably caused by the inability
to include fat for cooking In the group oils/fats in the Framingham study and the focus of
the FFQ on prepared items. For this reason the more reliable nutrient-group total fat in-
take was used for cluster analysis. intakes of 11 food/nutrient groups were standardised
to the mean energy intake of the Framingham and SENECA study separately to adjust
for individual variation in energy needs, related to differences in gender, body size and
activity level. Since variables with large variances tend to have more effect on the re-
sulting clusters than the variables with small variances, data were transformed to Z-
scores {mean zero and standard deviation one) to adjust for unequal variances of the
variables. Ward’s minimum variance method was used to compose clusters with a mini-
mum of internal variance. We ran the clustering procedurs for two to 10 clusters and the
five cluster solution with energy adjusted variables transformed to Z-scores yielded the
most characteristic and interpretable clusters (SAS Institute Inc., 1989; Hair et al., 1992).

Analysis of variance followed by the Tukey multiple comparison test was used to
test for differences in diet scores between dietary clusters. The Wilcoxon rank sum test
was used to test for differences in diet scores (HDI and FS-MDS) between smokers and
non-smokers in Framingham and the Northern and Southern European centres. The
Kruskal-Wallis test was used to test differences between the three activity tertiles. To in-
vestigate the relationship between dietary quality groups (HD1, FS-MDS, clusters) and
nutritional status, regression analysis (FROC GLM) was carried out. Four indicators for
nutritional status were selected: serum albumin, haemogiobin, BMI, and waist circumfer-
ence. Adjustments were made for age at baseline, sex, smoking, physical activity and
country. Dummy variables for the categories of smoking, physical activity and country
were used in the analyses. Possible interactions of diet groups with the confounders
were tested by including the product terms (diet variable * confounder} in the regression
model. in Table 7 least square means and p-values are presented.

RESULTS

Table 2 describes some characteristics of male and female paricipants from the
Framingham Heart Study and the SENECA study. Men were more likely to smoke than
women. In Hamme/B, Roskilde/DK and Betanzos/E almost half of the men were smo-
kers. More women, especially in Hamme/B, Culsmborg/NL and Betanzos/E, were obese
{BMI > 30 kg/m2) than men. Men, particularly from Hamme/B, Padua/l and Betanzos/E,
were more positive about their own health status than women. In Vila France de Xira/P,
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the percentage of men and women that judged their own health as "good” was very low
{men, 28%; women, 12%). In Framingham/MA, the highest percentages of men (87%)
and women (89%) reported their health as “good™. In general, blood measurements indi-
cated that the majority of the study population were in goed health, but healthy lifestyle
behaviours and subjective health status varied exiensively between sexes and centres.

Tabie 2. Background characteristics of participants, aged 70-77y, of the Framingham
Heart Study and SENECA’s baseline study, by sex

Men Women  P-value
n=986 n=1124

Age (y), mean {s.d)) 72.9 (1.9) 73.0 (1.9)

Albumin (g/), mean (s.d.) 42.2 (3.3) 41.8 (3.2) *

Prevalence of low serum albumin (%)1 2 2

Haemoglobin (g/), mean (s.d.) 150 (13) 137 (12) *

Prevalence of anaemia (%)2 6 6

Waist circumference {cm), mean (s.d.) 97.5(10.3)  88.0 (12.8) *

8MI (kg/m2), mean (s.d.) 26.7 (3.8) 26.9 (4.8)

BMI (%} *
<20 3 5
20-25 30 33
25-—30 51 38
»>30 17 24

Smoking (%) 24 10 *

Self-perceived health (%) *
poor 5 7
fair 21 22

__good 75 70

1 Cut-off value for low albumin: men and women: < 35 g/l. 2 Cut-off values for anasmia: men: Hb < 130 g/,
women: Hb < 120 gt *P £ 0.05

For blood values: albumin and hasmoglobin values were missing for Framingham participants of cycle 5, for the
other variables data of only a fow persons (max. 14 persons) were missing.

Wilcoxon rank sum test was used to test differences between continucus variables and chi-square test was used
to test differences between categorical variabies.

Table 3 shows the average dalily intake of energy, macronutrients, vitamins, and
minerals of the American and European research centres. Energy intake ranged from
7.4 MJ/day in Framingham/MA to 10.4 MJ/day in Betanzos/E. While men had a higher
mean energy intake than women, the contribution of fat, carbohydrates, protein and al-
cohol 1o total daily energy intake was the same for both sexes [data not shown]. In
Europe, two main macronutrient profiles appeared: a Northern profile (H/B; R/DK; C/NL;
Y,Bu,Be/CH) where fat and carbohydrates contributed similarly to total energy intake,
and a Southern profile (P/l; V/P; B/E) where carbohydrates delivered a higher energy
percentage than fat. Fat and carbohydrate intakes of the Framingham elders were com-
parable to the Southern profile. The high intake of carbohydrates in the Southern cen-
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tres was attributable to the high intake of polysaccharides in comparison with
mono/disaccharides. In the Southern centres, total fat intake consisted of relatively low
amounts of saturated fat and high amounts of monounsaturated fat {ms-ratio > 1.0} in
comparison with the Northern centres (ms-ratio < 1.0). No geographical pattern was ob-
served for the intake of polyunsaturated fat. In Table 3 micronutrient intake unadjusted
for energy intake Is presented. These data as well as energy-adjusted data indicate that
the Framingham elders had higher vitamin intakes than the Europeans. The macro- and
micronutrients presented in Table 3 are related to the intake of the nutrient-specific food
groups presented in Table 4.

Vitamin C intake and consumption of fruits & fruit products was low in Roskil-
de/DK and high in Betanzos/E. A high intake of cholesterol in Roskilde/DK was associ-
ated with a high consumption of eggs and & high intake of mono/disaccharides in Cu-
lemborg/NL with a high intake of sugar & sugar products. The consumption of some food
groups was characteristic for Northern or Southern centres, for example the con-
sumption of grains and fish/shelifish was high in Vila Franca de Xira/P and Betanzos/E,
consumption of fruits & fruit products was high in Padua/l and Betanzos/E and the con-
sumption of sugar & sugar products was high in Hamme/B and Culemborg/NL. Further,
the use of wine was characteristic for the Southern centres, while in the Northern cen-
tres drinking of beer was more common. Although the consumption of some food groups
was related to the location of the research centres, intakes of some food groups (milk &
milk products, vegetables) were not specific for Northern or Southern centres. The food
group intake of the Framingham subjects was not characteristic of either a Northern or
Southern European diet.
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Table 3. Mean {s.d.) intake of energy and nutrients of participants, aged 70-77 years, of the Framingham

Heart Study and SENECA's baseline study, by country
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Table 4. Mean (s.d.), focd group intake (g/day) and mean diet scores of subjects, aged 70-77 years, of the

Framingham Heart Study and SENECA'’s baseline study, by country
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Table 5 gives a description of the five composed clusters. Cluster 1, dominated by sub-
jects from Culemborg/NL and Framingham/MA, was characterised by a high intake of
sugar & sugar products and legumes/nuts/seeds and a moderate intake of other food
groups. In cluster 2 participants of the Southern centres with a high intake of fish/shell-
fish and grains were grouped. The third cluster was characterised by high intakes of fat
and of the food groups eggs and meat & poultry of persons from particularly the Nor-
thern centres. The Milk & fruit cluster, with mainly women (65%) from all centres, had
high intakes of vitamins and calcium, while the Alcoho! cluster was dominated by men
(89%) and had the lowest intakes of vitamins and calcium.

Table 5. Mean (s.d.) foad group Intake of 70-77y elderly of the Framingham Heart Study and SENECA's
baseline study, by dietary pattern cluster
Sugar Fish & grain Mest,eggs & fat  Milk & fruit Alcohal

n=526 n=307 n=659 n=525 n=93
Northern centres (n) (total = 782) 101 18 511 129 23
Southern centres (n) (total = 500) 28 187 55 191 39
Framingham/MA (n} (total = 828) 397 102 83 205 H
Energy intake {MJ/d) 8.0 (2.5) 8.0 (3.1) 8.7 (2.5) 7626 9127
Food/nutrient groups (g/d):
Grains 172 (86) 310 (176) 183 (80) 169(92) 171 (93)
Alcoholic beverages 61 (100) 99 (159) 126 (176) 74 (120) 911 (423)
Milk & milk products 200 (169) 218 (175) 289 {213) 403 (293) 142 (147)
Fruits & fruit products 179 (129) 216 {149) 163 {126) 349 (251) 165 (148)
Eggs 12 (11) 10 (11) 18 (22) 10 (11) 15(15)
Meat & poultry 97 (46) 87 (48) 142 (63) 92 {53} 103 (57)
Fishy/shellfish 26 (21) 58 (43) 24 (24) 42 (49) 46 (52)
Vegetabies 261 (131) 217 (138) 287 (132) 294 (191) 256 (143)
Total fat 70 (30) 59 (27) 96 (35) 65 {28) 66 (28}
Lagumes/nuts/seeds 29 (28) 13 (16) 7(12) 17 (20) 17 {24}
Sugar & sugar products 94 (68) 28 (24) 44 (34) 34 (35) 42 (50)
Digt scares:
Healthy Diet Indicator 3413 34(1.3)" 2.4 {11y 34013 3.2(1.3
G-Mediterranean Diet Score 28(1.3)° 33(1.2¢ 2.1 (1.2 2913 220.2p
FS-Mediterranean Diet Score 42(1.4° 46(1.2¢ 3.1(1.3) 41015 34(1.2p

a.b.c ANOVA followed by the multiple comparison test was used to test differences in diet scores between die-
tary clusters. Means within rows with different letter superscripts (c>b>a) ara significantly different, P < 0.05.

In addition to the présentation of single food groups, Table 4 describes the mean
scores of the summarised diet indicators. In general, Scuthern centres had more favour-
able mean dist scores than Northern centres. In particular, the Mediterranean diet score
(FS-MDS) based on median values of the research population, differentiated all South-
ern centres (P/I; V/P; B/E) and Framingham/MA from the Northern centres (H/B; R/DK;
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C/NL; Y,Bu,Be/CH). Mean diet scores are also presented for the five clusters (Table 5).
The Meat & fat cluster had a lower mean HDI in comparison to the other four clusters.
The two Mediterranean diet scores were both the highest for the Fish & grain cluster and
the lowest for the Meat, eggs & fat cluster and Alcohol cluster. The three diet scores
were significanily correlated in the total population as well as in the distinct centres
{ranges: r=0.38 — 0.69; P < 0.05).

Table 6 shows mean FS-MD-scores for smokers and non-smokers and subjects
of three activity tertiles in Framingham and the Northern and Southern SENECA centres.
No results on smoking are presented for women from the Southern centres, because in
Betanzos/E and Vila Franca de Xira/P none of the women smoked. In the remaining
centres the male and female non-smokers had a higher mean FS-MD-score than smo-
kers in the three regions. Active men from Northern centres and women from Northem
and Southern centres tended to have higher diet scores than less active persons. As an
exception, active men of Southern centres had lower FS-MD-scores than less active
men. No relationship between the diet scores and activity pattern was observed in Fra-
mingham/MA. The mean HDI scores for smokers and non-smokers and for subjects of
the three activity tertiles pointed in the same direction.

Table 6. Mean (s.d.) diet scores for 70-77y pergons differing in lifestyle factors in the Framingham Heart
Study and SENECA’s baseline astudy, by sex and region
Framingham,MA Northern centres Southern centres
Men Women Men Women Men Women
n=355 n=473 n=390 n=392 n=241 n=259

FS-Mediterranean Dist Score

Smaking
na 43(15) 43(1.5 32(1.3) 33(13) 44(1.9
yes 3.9(11) 37(14) 3.0(1.3) 24(14) 40(1.2)
P-value * * hd * *
Activity
tertile 1: low 41(1.58) 42(1.3) 3.0{(1.2) 31(13 46(1.3) 41(.3)
tertile 2: moderate 44(15) 43(1.5) 32(1.3) 31(13) 43(1.3) 445
tertile 3: high 42(14) 42(1.6) 33(1.3) 34014 41(14) 44016}
P-value * e

<010, *P < 0.05
Wilcoxon rank sum test was used to test differences in diet scores between smokers and non-smokers. The
Kruskal-Wallls test was used to test differences between activity tertiles.

Table 7 demonstrates indicators of nutritional status for different dietary quality
groups. Albumin and haemoglobin were not related to the HDI and FS-MD groups.
Haemoglobin values presented by cluster showed a higher haemoglobin value of the
small Afcohol ciuster in comparison to the other clusters. For both diet scores, waist cir-
cumference was highest in the groups representing low dietary quality. In all regression
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modaels, waist circumference tended to be highest for those in the Meat & fat cluster and
lowest for those in the Fish & grain cluster. This relationship between body fatness and
dietary quality was also demonstrated with BMI.

Table 7. Mean {3.d.) indicators of nutritional status, adjusted for confounding factors, in elderly subjects,
aged 70-77y, of the Framingham Heart Study and SENECA’s baseline study

a,b,e ANOVA followed by the muttiple comparison test was used to test differences in nutritional status indicators

between dietary quality groups. Means within rows with different letier superscripts (c=b>a) are significantly dif-
ferent, P < 0.05. *P < 0.05




DIETARY PATTERNS OF ELDERLY AMERICANS AND EUROPEANS

dred iz Ll 99 Jdew 1 «{8¥) ¥'92 WFS) 192 65! L'o2 (s) vog sraless e vee Anunoo +
JdevIEee 6V 2eE «lzv) oz o) 192 {8'¥) 8'sZ (s's) Loz &) oz Hdg)ese  (e9) voe Ae ‘Bupiows +
(gv)vie rv)gge () 892 rp) 02 rvlso2 rv) gge ro)sge rv)gee (rrlesg xas 'obe 1o} ‘Ipe
2e=u ¥es=u 259=u 90e=u 6lg=u HE)=u seg=u igd=u 8sE1=U {;w/By) 1Ng
Bl v W8T 928 Josiiee GeENEs oL b6 despes (gel ves el 6 (S'PL) 128 Agqunad +
6L ZE6 HENEI6  JM9TIISETE  WGTH 268  LE2608  LLv}E08  (0EL)vEe (zeyowe  (Evele fynnoe ‘Bunows +
«6'LOPE L@ iz Gl)ees W21 206 WL Ee J1Ee i ees (e (i) gze xes ‘ebu Joj ‘lpe
£6=U ges=u g59=u 90g=u gge=u Slgi=u sgg=u Led=u E9EI=u {w9) ‘punoio 155BM,
14: ] d2eilgebt  GLloviloere Wfreldbir)  JZSYeEPL Dyl sEzRL (CELSERE e 22rE (LEN LERL Anunoa +
(BN BB LETEEPE L ERrL e el GEe) erl  ESstoerl R Evel v E2rL (S9) eerL  Ananoe ‘Bupows +
sorL JdeEvErL  GleE ety JeEvive  WBTH 23R WBElverr @2ueert @EeEr @R eerl xes ‘abe 104 fpe
09=u 15e=u $6G=U glg=u irE=u 6vg=u ogi=u E6b=U 9201=u (6} wagolbowseH
ee) ety €e) aiv (Zeteiv (oe) '1v (8'e) §'1¥ ce) o1y e e1r e 6Ly e e Anunca +
olEB 6w JoE) o2y WSE) §'Ip Ve O'ey J5°€) t'2r ov) &1y oe) £'1¥ (L'€) 0'ey (6'e) 2’ 1Y Ayanoa ‘Bupjows +
=lEE)02r  J(€E) LEr {2 oir o2E) 1w W2 E'gr e Ley eeay (2e)zey (Ze) &'y xas ‘abe Joj ‘fpe
og=u ob=u 9gg=u 992=u gle=u 266=u 18L=u gg5=u sogl=u (1B} wwngry
joucory WU Te) g JEeN uesSgusi  sebng (6<) uBiH {g5) mo eHubH (g3 Mo
saisniy Saw-sd JOH




CHAPTER 2

DISCUSSION

This study confirmed geographical differences in dietary intake. Two dietary patterns
appeared at the macronutrient level: a profile high in complex carbohydrates and low in
saturated fat in Framingham and Southern Europe and a profile low in complex carbo-
hydrates and high in saturated fat in Northern Europe. At the food group and micronutri-
ent lavel, a characterisation into two dietary patterns was not sufficient to cover differ-
ences between research centres. Cluster analysis made a more specific distinction into
five dietary patterns: one pattern characterised Northern Europeans (Meat & fat), an-
other pattern typified Southern Europeans (Fish & grain) and three other dietary patterns
were evident (Sugar, Milk & fruit, Alcohol). Different approaches to measurement of
dietary patterns (diet scores and cluster analysis) showed similarities in the classification
of persons into dietary quatity groups (low and high dietary quality). High quality diets
were associated to less body fatness, non-smoking, and to greater physical activity.

Several aftempts have been made to classify and quantify dietary quality (Huij-
bregts et al., 1997b; Kant, 1996; Trichopoulou et al., 1995a; Tucker et al., 1992). Be-
cause no ultimate method exists to classily dietary patterns, we related different dietary
quality measures to nutritional and lifestyle variables. To include a high variety of dietary
patterns, data from the multi-centre SENECA study and the Framingham Heart Study
were used. A disadvantage of such an approach is the potential introduction of meth-
odological bias. Two different methods to measure dietary intake were used: a food fre-
guency questionnaire (FFQ) in the Framingham Heart Study and a modified dietary his-
tory in the SENECA study. Two validation studies {Nes et al., 1990; Jain et al., 1996) in-
dicated that both the FFQ and the modified dietary history provide higher intakes of nu-
trients in comparison to an estimated record method as reference. Further, the study of
Jain et al. (1996) showed that a FFQ is comparable to an interviewer-administered diet
history as a predictor of nutrient intake.

The macronutrient distribution of the food intake of the Framingham subjects was
highly comparable to the values of the Southern Europeans. Comparisons of Hulshof et
al. (1993) between Northern European and US (CSFII) data confirm this Southern-
related type of macronutrient profile of the US population. The high vitamin intake in
Framingham can be explained by the different enrichment policies in Europe and the
United States (Trichopoulou et al., 1995b). In Padua/l and Betanzos/E dietary fibre in-
take appeared to be relatively low in comparison ta the high reported intakes of the
groups grains, fruits & fruit products, vegetables, and legumes/nuts/seeds. In these cen-
tres, dietary fibre was not calculated following the standardised procedure (distary fibre
= sum of polysaccharides and lignin). As a result, dietary fibre may be underestimated
and affect the calculation of the HDI for a few persons.

The result of the cluster analysis procedure is dependent on multiple factors, in-
cluding the clustering method, definition of food groups, expressed unit of the variables
and the standardisation of variables (see Methods section). As the composition of clus-
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ters has a large subjective component, we compared our results with other studies. The
identified clusters in the current study were highly comparable to the results of Hulj-
bregts et al. (1995b). They identified the following clusters in a study of Dutch elderly
men: Meat, Refined sugars, Alcohol, and a Healthy cluster (high in fruit, vegetables and
grains). Also in other studies in Giessen (Germany) and the Boston-area (MA, USA), a
Maeat cluster, a Milk & fruit and/or grain cluster and an Alcohol cluster appeared (Boeing
et al., 1989; Tucker et al., 1992).

In Europe and the United Stales several diet scores have been developed to
measure overall dietary quality. In the current study, we calculated the non-validated
scores: HDI and MDS, The HDI is based on the WHO dietary guidelines for the preven-
tion of chronic diseases (WHQO, 1990) and is useful in a cross-cuitural setting (Huijbregts
et al., 1997a). The MDS is based on the low rates of chronic diseases and the high life
expectancy in countries bordering the Mediterranean sea (Amorim Cruz et al., 2001;
WHO, 1994). Despite this rationale behind the composition of these scores, neither
score has been validated with dietary quality indicators. Therefore we related the diet
scores with the individual diet components [data not shown). From the lowest to the
highest diet scores, the mean intake of all individual components improved in both MD-
scores. For the HDI this relation appeared for all components, except for mono/disac-
charides. Ldwik et al. (1999) aiso observed that a higher dietary quality score (simpiified
version of the HDI) is associated with a higher proportion meeting the individual scoring
items, except for mono- and disaccharides. Together, these results show that both HDI
and MDS are reliable indicators of diet quality. A comparison of the diet scores in our
study to scores in the literature is difficult, because few studies report reference values;
the HDI has been calculated but not replicated in an elderly population and the MDS has
no definite cut-off values. However, in line with our results, Huijbregts et al. (1997b)
showed a higher mean HDI for the Southern centre ltaly in comparison with the Northern
centres Finland and The Netherlands.

We compared diet scores and clusters to assess internal consistency. The three
diet scores were highly correlated and the mean MDS distinguished clusters with a low
(Alcohal cluster, Meat & fat cluster), average (Sugar cluster, Mitk & fruit cluster) and high
(Fish & grain cluster) diet score. The HDI was only lower for the fat & meat cluster in
comparison to the other four clusters. This reduced capability of the HDI to classify the
five clusters probably results from the strict dietary guidelines for carbohydrates. Only
5% of the subjects met the dietary guideline of mono/disaccharides (< 10 energy%) and
only 3% met the dietary guideline for polysaccharides (50-70 energy%). In contrast to
the WHO guidelines, the Dutch and US dietary guidelines are less strict for total carbo-
hydrates (US: 50 — 60 energy%; NL: > 55 energy%) and mono- and disaccharides (NL:
15 - 25 energy%) (Hulshof et al., 1993, Millen et al., 1997). Lowering the lower limit of
the complex carbohydrates from 50 to 35 energy% and increasing the upper limit of
mono- and disaccharides from 10 to 15 energy% led to a 20% fulfilment of these dietary
guidelines. Applying these limits to the HDI-score in the current study yielded a result
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comparable to the MDS [data not shown]. The results of the diet scores and the five-
cluster sclution in our study affirmed the existence of different dietary patterns, with the
Meat & fat cluster and the Fish & grain cluster as the two extreme patterns. In a US
population, Hu et al. (1999) recently identified two major dietary patterns (using factor
analysis) highly sirnilar to our extreme patterns: 1) a Prudent dietary pattern character-
ised by a high intake of fruits, vegetables, legumes, grains and fish, and 2) a Western
pattern, characterised by a high intake of meat, butter, high-fat dairy products, eggs and
refined grains.

In the two main studies SENECA and Framingharn, smoking and physical activity
were asked for with questionnaires that differed in sorne aspects. In the Europeéan cen-
tres the number of male smokers was greater than in Framingham, but included pipe
and cigar use {(about 10%). The physical activity questionnaires in both studies included
the same type of questions (intensity and hours/day of activities), but the SENECA sur-
vey queries included specific household, sports and leisure time activities in more detail
than did the Framingham activity questionnaire. As a result, the activity scores of the
European subjects were more highly dispersed than were those of the Framingham eld-
ers. This may explain the lack of association between physical activity and diet in
Framingham. In the Southern European centres, a high-quality diest was not related to
physical activity in men. Most likely, the explanation for this is that inactive Southem
Europeans lived more often with their children than did physically active persons. Men
who lived with their children had a higher diet score than men whao lived alone. Consid-
ering these cultural differences, we found that in general the two healthy lifestyle be-
haviours non-smoking, and physical activity were associated with higher dietary quality
in most individual centres as well as in the grouped centres (Table 6). In line with this,
Farchi et al. (1994) described an increasing number of non-smokers and physically ac-
tive subjects in the groups with high-quality diets. Greenwood et al. (2000} reported that
a group of middle-aged women with healthier food consumption patterns were more
likely to take vigorous physical exercise. Several authors have demonstrated that non
and past smokers had diets more in line with the dietary guidelines than did smokers
{Cade & Margetts, 1991; Ma et al., 2000; Margetts & Jackson, 1993},

In multi-centre studies, nutritional and lifestyle factors are influenced by cultural
differences between research centres (de Groot et al.,, 1996; Trichopoulou & Lagiou,
1997). Consequently, we carried out regression analysis with and without 'country’ in our
model. Adjustment for country is likely to resutt in an over-correction of the true associa-
tion between distary pattern and nutritional status, but with disregard of this confounder
no adjustments are made for the higher valued non-diet related differences across sites.

In our study we found no association between dietary quality and albumin and
haemoglebin. In this population, albumin status and haemoglobin values were mainly
within the normal range, reflecting the absence of serious health problems more than an
optimal nutritional status (Dirren et al., 1991). As an indicator for overweight, waist cir-
cumference (Molarius et al., 1999) was related to dietary quality. The analysis was repli-
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cated for men and women and all resulis pointed in the same direction: subjects with a
low-quality diet were more overweight in comparison to subjects with a high-quality diet.
This association between body composition and dietary quality has also been demon-
strated in other studies (Greenwood et al., 2000; Haveman-Nies et al., 1998; Wirfilt &
Jeffary, 1997).

In conclusion, the highly varied dietary intake in our European and American re-
search populafions could be summarised into a limited number of dietary patterns. Die-
tary scores and dietary clusters are two complementary measures to classify dietary
quality. High-quality diets were positively associated to other healthy lifestyle variables,
including less body fatness, non-smoking, and greater physical activity.
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CHAPTER 3

ABSTRACT

This study aims to describe the snack consumption of elderly people from several Euro-
pean towns. Subjects with similar snack pattemns are clustéred into groups to explore the
contribution of snacks to daily energy and micronutrient intake. The study population in
SENECA's follow-up study (1993) consisted of 379 men and 428 women, aged 74 to 79
years, who were inhabitants of the following small traditional towns: Haguenau, France;
Romans, France; Padua, italy, Culemborg, The Netherlands; Yverdon, Switzerland; and
Marki, Poland. Food intake data collected by the 3-day estimated record method were
used for grouping shack foods into 15 snack groups. From the food intake data, daily
energy intake and intake of calcium; iron; vitamins B1, B2, B6, and C were calculated.
Additional self-reported data were collected for health status, presence of chronic dis-
eases and activity level. Cluster analysis was used to classify subjects into groups ba-
sed on similarity in snack patterns. In general, elderly people from the various European
towns consumed the same snack types. Five distinct snack patterns emerged from our
analyses. The large group Light snackers had a low snack use and low energy and mi-
cronutrient intakes. Alcohol drinkers and Dairy snackers had a high snack use and high
intakes of energy and several vitamins and minerals. Fruit & vegetable snackers and
Sweet drinkers often had intake values between the other three groups. Qur study indi-
cates the existence of identifiable snack pattems that coincide with different intakes of
energy and micronutrients. Especially in countries in which people derive high percent-
ages of energy through snacking, the identification of snack patterns can improve dietary
advice, gearing it to personal needs.







