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Het Onderzoek naar Overgewicht waarvan de studies die in dit proefschrift 

worden beschreven deel uitmaken, werd financieel ondersteund door het 

Praeventiefonds. 

Het verschijnen van dit proefschrift werd mede mogelijk gemaakt door steun van 

de Nederlandse Hartstichting. 
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1. De bevinding dat overgewicht op jonge leeftijd een groter risico voor de 
gezondheid met zich meebrengt dan overgewicht op oude leeftijd, 
rechtvaardigt niet de conclusie dat de geleidelijke gewichtstoename bij 
jonge volwassenen het gezondheidsrisico niet verhoogt. 

(dit proefschrift) 

2. Het is uiterst onbevredigend dat de Gezondheidsraad aanbeveelt tot -
gewichtsvermindering over te gaan bij een Queteletindex groter dan 30 kg/m 
terwijl matig overgewicht geaccepteerd dient te worden; enerzijds zullen 
meer mensen ziek worden binnen de grote groep met matig overgewicht dan 
binnen de kleine groep met ernstig overgewicht, anderzijds is overgewicht 
als dit zich eenmaal heeft ontwikkeld voor veel mensen irreversibel. 

(Advies inzake adipositas, Gezondheidsraad 1983) 

3. De aan leeftijd gerelateerde toename in Queteletindex van jonge volwassenen 
met overgewicht en van jonge volwassenen zonder overgewicht is 
vergelijkbaar. 

(dit proefschrift) 

4. De vetverdeling is naast gewicht en lengte van meer belang dan categorieen 
voor lichaamsbouw; bij elke weegschaal hoort een centimeter. 

5. Naarmate men meer overgewicht heeft kan men van eenzelfde gewichtsvermin­
dering een sterkere risico-afname verwachten. 

6. Regelmatige ijking en - bij een niet volstrekt vlakke ondergrond - een 
eenvoudige plank als ondergrond zijn essentieel voor een weegschaal waarmee 
individuele gewichtscurves worden gemeten, zoals in de medische praktijk. 

7. Het is vreemd dat bij het opzetten van de landelijke kankerregistratie het 
realiseren van een van de hoofddoelstellingen, het stimuleren van het 
gebruik van de gegevens voor epidemiologisch onderzoek, niet in de 
begroting is opgenomen. 

(Bestek 1985) 

8. De meeste vormen van voedselhulp hebben ondervoeding en gebrek in de derde 
wereld eerder verergerd dan verholpen. 

9. In een tijd waarin bezuinigingen en een 'tolerante' houding elkaar 
versterken, dreigen psychisch gestoorden in groeiende aantallen te 
vervallen tot daklozen in de grote steden. 

10. Het toenemend aantal tijdelijke arbeidsplaatsen ten koste van vaste 
aanstellingen bemoeilijkt het vinden van werk voor vrouwen met kinderen en 
het krijgen van kinderen voor vrouwen met werk. 

11. De ergernis bij treinvertragingen is omgekeerd evenredig met de frequentie 
van treingebruik. 

Proefschrift M.A. Rookus 
Body mass index in young Dutch adults: 
development 
Wageningen, 19 november 1986. 
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VOORWOORD 

In dit proefschrift worden enkele studies beschreven die deel uitmaken van 

een uitgebreid Qnderzoek naar Overgewicht (het ONNO-projekt). Dit onderzoek dat 

vanaf 1979 tot 1986 door medewerkers van de vakgroep Humane Voeding van de 

Landbouwuniversiteit te Wageningen werd uitgevoerd, werd financieel ondersteund 

door het Praeventiefonds. 

Van de vele mensen die aan dit onderzoek hun bijdrage hebben geleverd wil ik 

graag enkelen bij name noemen. Mijn promotor Prof. Dr. J.G.A.J. Hautvast en 

mijn co-promotor Dr. P. Deurenberg wil ik graag danken voor het in mij gestelde 

vertrouwen, hun betrokkenheid bij het projekt en de tijd die zij vonden om 

ondanks drukke werkzaamheden de manuscripten in vlot tempo te verwerken. 

Zeer veel dank ben ik verschuldigd aan Jan Burema. De exacte kennis van de 

voorgeschiedenis van het projekt, zijn statistisch inzicht, de nauwgezette 

wijze waarop hij te werk ging en de inspirerende discussies waren van groot 

belang. Aan de samenwerking met hem bewaar ik goede herinneringen. 

Willy Knuiman-Hijl wil ik graag danken voor de vele administratieve en 

organisatorische werkzaamheden die dit uitgebreide onderzoek met zich 

meebracht. Met overgave vervulde zij de centrale functie van coordinatrice van 

de veldmedewerksters. Helmi van der Wiel-Wetzels dank ik voor de nauwgezette 

wijze waarop zij de duizenden vragenlijsten heeft gecodeerd. Zij stond borg 

voor de continuiteit binnen het vervolgonderzoek. Naast andere werkzaamheden 

was haar aandeel in het anthropometrische onderzoek onmisbaar. Annemarie 

Zijlmans dank ik hartelijk voor haar inzet bij het uittypen van enkele 

artikelen en de vlotte wijze waarop zij - zelfs buiten haar normale werktijden 

om - dit proefschrift camera-ready heeft gemaakt. 

Voor hun bijdrage aan de statistische verwerking van de gegevens ben ik veel 

dank verschuldigd aan Gebca Velema, Gerda van 't Bosch, Jan Weststrate en Geert 

van Poppel. voor hun doorzettingsvermogen, wanneer analyses weer moesten worden 

bijgesteld maar ook wanneer de computer op frequente en ongelukkige momenten 

plat ging, heb ik veel waardering. Ook wil ik Peter Rokebrand graag bedanken 

voor zijn inzet. Voor het inwerken van vele medewerkers, voor het oplossen van 

computerproblemen die ons allemaal tever gingen en voor de wijze waarop hij 

ondanks 'problemen-van-buitenaf' de winkel draaiende wist te houden, ben ik Ben 

Scholte zeer dankbaar. 

Waardevol waren de discussies met Tatjana van Strien. Dankzij de prettige 



samenwerking met haar heeft het multidisciplinaire karakter van dit projekt 

vorm gekregen. In dit kader ben ik ook Jan Frijters zeer erkentelijk voor sijn 

commentaar op een van de manuscripten. Ook Jaap Seidell wil ik danken voor de 

regelmatige discussies over ons gemeenschappelijke ondervrerp van studie, 

overgewicht, maar daarnaast ook over de epidemiologic, een gewoonte die nog uit 

Amherst stamt. Ook hem dank ik voor zijn commentaar op enkele manuscripten. 

Graag noem ik Clary Baerends-Bos, Gerard Beke, Cis Blok-Bosch, Marian 

Fortuin, Ellen Frijters-van der Hagen, Rina Kleinjan, Mieke van Liere, Evelyft 

Oosterhaven-Rappard, Wil Pinkster-Stroo, en Mia Ruys-Quint voor hun enorme 

inzet bij het veldwerk. Zonder hun essentiele werkzaamheden, was er niets te 

analyseren gevreest. 

Grote waardering heb ik voor Joy Burrough-Boenisch en Helen West voor hun 

correctiewerk van het engels. Elly van Liempt-Veugelers en Marcel van Leuteren 

wil ik bedanken voor hun typwerkzaamheden en de heren C. Rijpma en M. Schimmel 

voor het vervaardigen van de figuren. 

Jos Baecke ben ik zeer veel dank verschuldigd. zijn bijdrage aan dit 

longitudinale onderzoek was van essentieel belang. Ook voor de tijd die hij torn 

voor uitgebreide discussies ben ik hem zeer erkentelijk. 

Martin van 't Hof dank ik voor zijn adviezen en actieve medewerking bij de 

analyse van de mixed-longitudinale gegevens. Ook tijdens andere fasen van het 

projekt was zijn kritisch commentaar zeer waardevol. 

Piet Middelburg wil ik danken voor zijn hulp bij de financiele aspecten van 

het onderzoek en als lid van de Beleidscommissie. Ook Wija van Staveren wil ik 

als lid van deze commissie bedanken. 

De leden van de Begeleidingscommissie ben ik erkentelijk voor hun bijdragen. 

Prof. Dr. L.C.A. Corsten en Martijn Katan wil ik danken voor hun adviezen en 

commentaar op een manuscript. Ook dank ik Marionne van de Klashorst en Floor 

van Leeuwen voor hun commentaar op een manuscript. 

Bestuurders van de gemeente Ede en de medewerkers van de Afdeling Bevolking, 

onder wie de heer J.M. Tankink en mw. H. Boers, wil ik graag mijn dank betuigen 

voor de adequate en prettige samenwerking. Wat als de meest essentiele bijdrage 

aan dit projekt beschouwd mag worden is de medewerking van de duizenden inwo^ 

ners van de gemeente Ede, die elk meetpunt weer opnieuw de - vaak vergaande *• 

vragenlijst hebben ingevuld. Zonder hen was dit projekt niet tot stand gekomen. 

And last but not least, Jaap, hartelijk bedankt dat je ervoor gezorgd hebt 

dat ik mede door jouw politieke reilen en zeilen in deze drukke periode de rest 

van de wereld niet uit het oog verloor. 

Matti Rookus, augustus 1986 
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1. GENERAL 

This thesis deals with the development of the body mass index 
2 2 

(weight/height ), as an indicator of overweight (body mass index > 25 kg/m , 

Garrow 1981), and some determinants of this development in young adults. In 

this chapter the reason why overweight was the subject of a mixed-longitudinal 

study is explained. The first part deals with the health riks of overweight 

with special reference to young adults. The second part deals with the 

questions whether or not the age-related weight gain should be prevented, 

whether it can be prevented and what its determinants are. 

2. RELATION BETWEEN OBESITY AND MORTALITY 

2.1. General 

It is in the united States that the relationship between obesity and 

mortality has been most extensively studied. Since about 1930, studies on 

insured persons have consistently indicated that the lowest relative mortality 

is found at weights somewhat below the average weight in both sexes. Also, 

these studies have repeatedly shown that relative mortality is higher below 

this optimal weight range, and that relative mortality increases steadily with 

an increase in weight above the optimal weight range. The latest study of the 

build of insured persons, the Build Study 1979, again shows this U-shaped 

relationship, with the lowest relative mortality in men and women who are 5-15% 

under the average weight (Lew 1985). 

The relevance of drawing conclusions from these studies has been questioned, 

because they have been conducted on selective groups; initially healthy 

subjects, predominantly drawn from the middle and high socio-economic classes. 

Other studies on the risk of mortality incurred by being overweight have not 

always found an U-shaped relationship (Larsson et al. 1981). This has resulted 

in a continuing debate on whether overweight really is a risk factor for 

increased morbidity and mortality, as the Build Studies had indicated (Andres 

1980, Keys 1980, Gezondheidsraad 1984). Recent analyses have shown that the 

discrepancies among studies may be largely caused by confounders, the most 

important of which are duration of follow-up, age at start of follow-up, and 

smoking behavior. 



2.2. Confounding by duration of follow-up 

During the first years of follow-up, relative mortality is high among 

underweight subjects and low among overweight subjects (Lew 1985, Garrison and 

Castelli 1985). With time, relative mortality decreases among the initially 

underweight and increases among the initially overweight subjects. Thus, the 

Build Study 1979 (Lew 1985), as well as the Framingham study (Garrison and 

Castelli 1985) show that the U-shaped relationship between mortality and 

obesity only appears after long periods (>15 years) of follow-up. This has been 

supported by other extensive follow-up studies of long duration (Lew and 

Garfinkel 1979, Waaler 1984). 

The effect of duration of follow-up may interact with the dependence on age 

of the risk associated with overweight; the same degree of overweight produces 

a greater increased risk during follow-up in younger subjects than in older 

subjects (Waaler 1984, Van Itallie 1985). This aspect will be considered in 

more detail below (4.2.). 

2.3. Confounding by smoking behavior 

Since smokers generally weigh less than non-smokers and smoking is related 

to mortality, the mortality risk of being underweight may be overestimated and 

the mortality risk of being overweight may be underestimated, if smoking 

behavior is not adjusted for. So far, two long-term follow-up studies have been 

able to take smoking status into account: the Framingham study (Garrison et al. 

1983, Garrison and Castelli 1985) and the American Cancer Society study (Lew 

and Garfinkel 1979, Lew 1985). The relationship between mortality and obesity 

was found in both smokers and non-smokers, but the curve for smokers ran at a 

markedly higher level than did the one for non-smokers. 

In the American Cancer Society study, optimal weights in men who never 

smoked were lower than in men who smoked, whereas there was no difference in 

women (Lew and Garfinkel 1979, Lew 1985). in the Framingham study no U-shaped 

relationship among the non-smokers could be established, because more than 80% 

of men under the desirable weight were smokers. This indicates that the weight 

range with lowest mortality in non-smokers may be the same or lower than the 

desirable weight range in the total sample. 
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3. RELATION BETWEEN OBESITY AND MORBIDITY 

3.1. Relative weight and morbidity 

To examine the health risks associated with obesity, the quality of life 

seems to be a criterion at least as important as longevity. Relative weight 

(weight corrected for height) has been shown to be associated with a vast range 

of risk factors and diseases, such as hypertension, hyperinsulinemia, diabetes 

mellitus, hypercholesterolemia, hypertriglyceridemia, heart and circulatory 

diseases, digestive and endocrine disorders, gall and kidney stones, arthritis, 

gout, various types of cancers, and ventilatory disorders (Keys 1980, Larsson 

et al. 1981, Royal College of Physicians 1983, Simopoulos and Van Itallie 1984, 

Waaler 1984, Bray 1985a, Donahue et al. 1985, Krai 1985, Seidell et al. 1986a). 

Moreover, functional impairment of activities of daily living is associated 

with obesity (Krai 1985). This might be the most prevalent complication of 

obesity and since these impairments are feared most (Thomson 1986), they might 

be as difficult to endure as those imposed by other diseases. 

As Waaler (1984) has most clearly shown, mortality at low levels of the body 

mass index is caused by categories of diseases that differ from those 

responsible for mortality at high levels of the body mass index. Total 

morbidity seems to have a U-shaped relationship with the body mass index, as 

does mortality (Bray 1985a). 

In addition to these somatic consequences of overweight, psychosocial 

consequences of overweight are clearly not to be neglected. In industrialized 

countries, where a slim body shape is favored, body fatness has its impacts on 

the individual's self-concept, anxiety and emotional well-being (Rodin 1981, 

Van Strien 1986). 

3.2. Fat distribution and morbidity 

Recent studies show that apart from and in addition to indices of relative 

weight, indices of body fat distribution are strongly associated with somatic 

morbidity (Kissebah et al. 1982, Larsson et al. 1984, Hartz et al. 1984, 

BjSrntorp 1985a, Seidell et al. 1985, 1986b). Fat cells at different locations 

differ in their metabolism. For instance, fat accumulated in the abdominal 

region is more sensitive to lipolytic stimuli than fat in the femural/gluteal 

region. The resulting free fatty acids are released into the portal vein, and 

high concentrations seem to inhibit uptake of insulin by the liver, providing a 

possible explanation for the peripheral hyperinsulinemia, insulin resistance, 

diabetes mellitus, hypertriglyceridemia and possibly hypertension, associated 



with abdominal obesity (Bjorntorp 1985b). 

4. DEVELOPMENT OF RELATIVE BODY WEIGHT 

4.1. General 

According to longitudinal studies conducted in industrialized countries, 

relative weight increases with age until circa 50 years of age in men and until 

the menopause in women, then remains fairly constant and decreases after the 

age of 70 (Forbes and Reina 1970, Hsu et al. 1977, Kannel et al. 1979, Noppa et 

al. 1980, Lindquist 1982, Borkan et al. 1983a, Khoury et al. 1983, Waaler 

1984). Cross-sectional studies show a similar upward trend (Montoye et al. 

1965, Forbes and Reina 1970, Khosla and Lowe 1968, Bjelke 1971, Cronk and Roche 

1982, Rosenbaum et al. 1985, Kok et al. 1983, Van Sonsbeek 1985). The weight 

decrement in elderly women is not always found, however (Noppa et al. 1980, Kok 

et al. 1983). Waaler (1984) found that before middle age the gain was 

curvilinear in men, with larger gains between 20 and 30 years of age than 

between 30 and 50 years of age, and was almost linear in women. 

With respect to this weight increment three basic questions arise, (1) 

whether it should be prevented in order to avoid a relative increase in 

mortality and morbidity, (2) whether it can be prevented, (3) why it occurs; 

i.e. whether the weight gain with increasing age is genetically determined 

and/or is influenced by environmental/behavioral factors. 

4.2. Evaluation of adult weight gain 

4.2.1. Arguments in favor of a health risk that does not increase with adult 

weight gain 

The answer to the question of whether the weight gain should be prevented is 

clearly affirmative under the assumption of a U-shaped relationship between 

overweight and risk of mortality/morbidity that does not depend on age. The 

age-dependency of the U-shaped curve has only recently begun to be understood. 

After the same period of follow-up the U-shaped relationship between 

relative mortality and overweight was steeper for men who had been issued 

policies at ages 15-39 years than at ages 40-69 years (Seltzer 1966, Simopoulos 

and Van Itallie 1984). A similar steep trend at lower ages emerged in 13 years 

follow-up of 750.000 subjects (Lew and Garfinkel 1979) and in 12-years 

follow-up of 1.8 million Norwegians (Waaler 1984). The NHANES study showed that 

the relative risk of morbidity revealed by comparing overweight with 
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non-overweight subjects was higher in 20-44 year old subjects than in 45-74 

year old subjects; the risk ratio was 2.9 for hypertension, 1.9 for elevated 

cholesterol and 1.8 for diabetes (Van Itallie 1985). In several other studies, 

the association between relative morbidity and obesity was present or most 

pronounced in young adulthood (<45 years) (Shapiro et al. 1969, Rabkin et al. 

1977, Pooling Project 1978, Larsson et al. 1981). So, the same level of 

overweight seems to carry a greater risk at young ages than at older ages, and 

thus it is tempting to suggest that with some weight gain during adulthood the 

risk may remain constant, whether or not one is initially overweight. 

More evidence that optimal weight may increase with age has been presented 

by the Build Study 1979 (Royal College of Physicians 1983, Lew 1985). The 

minimum of the U-shaped curve, the relative weight with lowest mortality, 

shifted to higher values with increasing age. The body mass index associated 
2 2 

with lowest mortality increased from 21.4 kg/m in men and 19.5 kg/m in women, 
2 2 

20-29 years of age to 26.6 kg/m in men and 27.3 kg/ta in women, 60-69 years 

old (Andres et al. 1985). 

The American Cancer Society study based on subjects largely of middle 

socio-economic class and ostensibly in good health shows the same picture; 

optimal weight was 80-89% of average weight until the age of 70, and above this 

age was nearer to average (Lew 1985). Average weights increased with increasing 

age and thus optimal weight increased also. This was also shown in a review by 

Andres et al. (1985) who compared the body mass index associated with minimal 

mortality in 23 populations with the cut-off points of the Metropolitan 

Height-Weight tables. 

These studies suggest that a weight gain during adulthood may not result in 

an increased risk of mortality insofar as the gain is equivalent to the gain in 

optimal weight; if some degree of overweight is present in young adulthood, a 

slight weight gain with increasing age may not always enlarge the risk, that is 

already present, since overweight in younger ages is more detrimental for 

health than overweight in older ages. Although this contention already has led 

to the recommendation of age categories in weight-height tables (Andres et al. 

1985), it is based on implicit assumptions that will be explained below. 

4.2.2. Arguments against a health risk that does not increase with adult weight 

gain 

4.2.2.1. Optimal weight versus optimal weight range 

First, it is assumed that the age-dependency of the optimal weight is 
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comparable with that of the optimal weight range. Bearing in mind the U-shaped 

curve between overweight and mortality, the relevance of considering one 

optimal value only can be questioned. No age trend in optimal weight range was 

found in men in the Framingham study (Feinleib 1985, Garrison and Castelli 

1985). The Norway study (Waaler 1984) showed that in men the range of the body 

mass index with lowest relative mortality was constant over age, whereas in 

women the range extended to higher values as age increased: at higher ages 

women seemed to tolerate overweight better than men. Thus, an age trend in the 

range of optimal body mass index is not clear, certainly not in men. 

Secondly, as a contradiction in terms, the age-related mortality curves are 

considered to be longitudinally interpretable; distinctive age-related causes 

of mortality or cohort effects, are assumed not to be present. As is explained 

below, this assumption may not be right. 

4.2.2.2. Age-related causes of mortality 

It can be argued that the higher risk accompanying obesity at younger ages 

is associated with obesity that has a strong genetic component. As they age, a 

selection takes place within the obese population: the 'stronger' subjects 

survive and the risk of mortality is increasingly caused by obesity that has 

weaker genetic components and thus depends more heavily on 

environmental/behavioral factors. 

4.2.2.3. Cohort effect 

In addition to cohort effects in both relative weight and mortality/ 

morbidity, there might also be a cohort effect in the association between the 

two. 

In a study done in the United States a positive cohort effect in relative 

weight was found to be accompanied by a negative cohort effect in 

mortality/morbidity in the United States (Feinleib 1985); at the same age, 

subjects that were born later were more obese than subjects born earlier this 

century, but displayed a lower risk of morbidity. These observations suggest 

that there might be a cohort effect in the association between relative weight 

and mortality/morbidity: this is supported by the finding that the range of 

weight for height, associated with lowest mortality was lower in the 1957 

Metropolitan Desirable Weight Table, than in the 1983 Height-Weight Tables 

(Metropolitan Life Insurance Company 1959, 1983). 

In contrast to the United States, in Sweden a positive cohort effect in 

relative weight was probably one of the reasons of the positive cohort effect 
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in ischaemic heart diseases (Welin et al. 1983). Whereas the body mass index 

was not an independent risk factor in 50 year old men born in 1913, it had 

become an independent risk factor in 50 year old men born in 1923 (Welin et al. 

1983). This cohort effect in relative weight was not present in the median, but 

in the higher percentiles (Christensen et al. 1981). 

In the Netherlands, a positive secular trend in the body mass index of 

19-year-old conscripts was present until it peaked in the cohort born in 1945. 

Men born later showed no or a slightly negative secular trend (Deurenberg et 

al. 1986). Until 1972, there was a positive secular trend in the mortality 

caused by ischaemic heart diseases (Central Bureau of statistics 1983). Since 

then, the mortality has been declining again. Since most subjects, who died 

from ischaemic heart diseases around 1972 were part of cohorts that still 

showed a positive trend in body mass index, a cohort effect in the association 

between body mass index and ischaemic heart diseases might be present in the 

Netherlands, as in other countries. It is clear that the presence of a cohort 

effect in the U-shaped curves of risk of morbidity hampers the interpretation 

of age trends. 

4.2.2.4. Longitudinal studies 

In addition to the use of age-related mortality curves, weight gain during 

adulthood can be evaluated by means of longitudinal observations; a positive 

relationship has been found between changes in body weight and simultaneous 

changes in blood pressure (Gillum et al. 1982, Hsu et al. 1977, Ashley and 

Kannel 1974) as was true for serum cholesterol (Ashley and Kannel 1974, Gordon 

and Kannel 1973, Kromhout 1983), blood glucose and uric acid (Ashley and Kannel 

1974). Weight reduction has been advocated as an effective and safe treatment 

for hypertension (Hovell 1982). Adult weight gain has been shown to determine 

the incidence of cardiovascular diseases (Hubert et al. 1983, Shapiro et al. 

1969). In the Framingham study, this association was independent of the level 

of body mass index at which this increment took place (Hubert et al. 1983). So, 

these longitudinal studies do not support the contention that some weight gain 

during adulthood might not increase the risk to health. 

4.2.2.5. Anthropometric studies 

Anthropometric studies also suggest that adult weight gain is undesirable. 

Even if a subject does not gain weight during adulthood, some changes in body 

composition nevertheless take place; longitudinal studies show that the fat 

mass increases and the fat free mass decreases with increasing age (Borkan et 
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al. 1983b, Forbes and Reina 1970). Moreover, the fat distribution becomes more 

android with aging in men and postmenopausal women, as was shown by 

cross-sectional studies based on skinfolds in men aged 13-65 years (Gam and 

Young 1956), and in subjects aged 6-18, 30-60 years (Mueller 1982), or based on 

the waist/hip circumference ratio in women aged 38-60 (Lapidus et al. 1984) or 

based on computed tomography in men aged 46-69 (Borkan et al. 1983b) or based 

on waist-hip ratio, waist-thigh ratio, or the ratio of intra-abdominal to 

subcutaneous fat (computed tomography) in men aged 19-85 and women aged 19-72 

years (Seidell et al. 1986c). In men, fat distribution was more strongly 

related to age than in women (Seidell et al. 1986c). Fat that accumulates in 

women of child-bearing years shows a preference for the gluteal region. This 

fat seems to have a specific function during lactation (Rebuffe-Scrive et al. 

1985). Self-reports of adult weight-history suggest that an unfavorable fat 

distribution at older ages is strongly associated with adult weight gain in men 

as well as in women (Seidell et al. 1986a). 

4.2.3. Conclusion 

It can be concluded that although the desirable weight seems to increase 

with age, this increment is less clear for the desirable weight range. Since 

the age-specific risk curves may represent distinct risks and may be biased by 

a cohort effect, they are difficult to interpret. Longitudinal and 

anthropometric studies support the contention that adult weight gain may 

increase health risks, especially in men. 

4.3. Reversibility of adult weight gain 

Since adult weight gain seems to increase health risk the question arises 

whether this weight gain can be prevented or reversed. Many treatment studies 

have shown that obesity, once developed, is difficult if not impossible to cure 

(Stunkard and McLaren-Hume 1959, Jeffery et al. 1978, Stunkard and Penick 1979, 

Wing and Jeffery 1979). These studies have generally been conducted on highly 

selective severely obese subjects. The results of treatment within a less 

extreme sample may be more encouraging: this is suggested by retrospective 

studies (Schachter 1982, O'Clarey and Nelson 1985, Jeffery et al. 1984). In 

these studies a high proportion of normal-weight subjects (50-72%) responded 

that they had once been overweight as adults. Obviously, their assessment of 

their former weight status could not be checked. 

In the prospective Tecumseh Community Health Survey (Gam et al. 1980, 1984) 

the initial level of one skinfold was found to be negatively related to 
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subseguent changes in another skinfold, during 10 years and 20 years of 

follow-up. Though this association might at least partly be caused by a 

spurious regression to the mean effect due to biological fluctuation, the 

stronger association after 20 years than after 10 years of follow-up suggests 

that overweight subjects might indeed lose weight after many years of 

follow-up. This is encouraging whether or not the weight loss is caused by 

conscious attempts to lose weight. However, if this weight loss were also 

present in the studies on which the U-shaped relationship between obesity and 

mortality is based, this would imply either that being overweight has long-term 

detrimental effects on health, independent of future weight development, or 

that the detrimental effects of being and staying overweight are underestimated 

in these risk curves. This latter possibility is more likely, because the 

health and life expectancy of subjects who have lost their overweight have been 

found to improve (Hovell 1980, Dublin 1953). 

4.4. Causes of adult weight gain 

4.4.1 General 

Like all aspects of growth and development, the growth and development of the 

body mass index depends on both genetic and environmental factors. The impact 

of these factors on the development of the body mass index in young adults 

living in industrialized countries is described in the following sections. 

4.4.2. Genetic factors 

Many studies have indicated that obese parents are likely to beget children 

who will become obese adults (Mayer 1965). To study the genetic and 

environmental determinants of obesity, specific samples such as twin or adoptee 

groups, are necessary, whereas most studies concentrate on childhood and 

adolescence (Hartz et al. 1977, Annest et al. 1983, Fischbein 1977), some 

studies have been conducted on adults. 

A follow-up study on 1028 white male veteran twins showed that although the 

impact of genetic factors on obesity decreased during follow-up from age 15-̂ 28 

onward, this impact was still present. The intraclass correlation coefficient 

of the change in body mass index from 25 to 48 years of age was 0.6 for 

monozygotic pairs and 0.3 for dizygotic pairs (Fabsitz et al. 1980). This 

demonstrates an important genetic impact on change in body mass index even 

after maturation. It might be possible that monozygotic twins share 

environments more closely than dizygotic twins, but an extensive adoptee study 
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also showed that genetic factors are important determinants of adult changes in 

body mass index (Stunkard et al. 1986). Of the 540 adoptees who were studied, 

55% had been transferred to the adoptive homes within the first month, and 90% 

within the first year of life. It was found that the weight class of adoptees 

when adult (mean age 42.2, SD: 8.1) correlated strongly with the body mass 

index of their biological parents, whereas there was no relation with the body 

mass index of their adoptive parents. So, a strong genetic component in the 

development of adult fatness seems to be clear. 

4.4.3. Environmental factors 

As indicated above, a strong genetic component does not mean that adult 

fatness is independent of environment or behavior. In the Framingham study 

(Heller et al. 1984), the body mass index of the parental generation, aged 

30-62 years, was compared with that of the offspring, aged 20-49 years. It was 

found that the age-adjusted correlation between first-degree relatives was 

0.2-0.3, whether it concerned two generations or only one generation. The 

correlations for second degree relatives were 0.05-0.14 and the correlation for 

spouses was 0.19 for the parental generation and 0.12 for the offspring 

generation. So, the correlation for the spouses (who were genetically 

unrelated) was comparable or higher than the correlation for second degree 

relatives. 

Evidence that living together or general environmental time trends have 

their impact on the development of body fatness was presented in the Tecumseh 

Community Health Survey (Gam et al. 1979a, 1979b). During a nine-year period a 

clear association between parents and children was found in changes in fatness 

(Gam et al. 1979a). In addition, the correlations of changes between spouse 

pairs in triceps and subscapular skinfolds between spouse pairs were 0.32 and 

0.25 respectively, over a follow-up period of 10 years. So, husbands and wives 

generally fluctuated in fatness together over the same period of time (Gam et 

al. 1979b). 

Other indications that environmental/behavioral factors have their impact on 

adult body fatness are: 

- Obesity is markedly more prevalent in white inhabitants of the United States 

than in white inhabitants of Australia or Britain (Bray 1985b), but this does 

not seem to be attributable to a difference in genotype. If subjects emigrate 

to a country with a high prevalence of obesity, they become more obese 

(Eveleth and Tanner 1976). 

- The level of fatness is related to the socio-economic status of the subject 
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(Goldblatt et al. 1965, Silverstone et al. 1969, G a m et al 1977, Baecke et 

al. 1983). If a subject changes socio-economic status, his/her fatness also 

changes (Goldblatt et al. 1965). 

- Secular trends in obesity (Feinleib 1985, Sonne-Holm and Sorensen 1977, 

Deurenberg et al. 1986) reflect changes in prosperity and related behavioral 

changes in diet and activity, rather than genetic effects. 

So, although it is difficult to estimate the relative importance of genetic 

versus environmental/behavioral factors, both factors are pertinent to the 

development of adult obesity. Environmental/behavioral factors seem to 

determine the extent to which genetic predispositions are expressed. 

To understand the etiology of overweight it is essential to characterize 

these factors and their working-mechanisms. A model for the etiology of obesity 

in adults has been developed by Baecke (1982). It is clear that an increase in 

energy intake and/or a decrease in energy expenditure, of which physical 

activity (Tuomilehto et al. 1985) is obviously only one aspect, may result in 

weight gain. Less clear, however, is under what daily circumstances these 

changes occur. 

Many case reports are known in which obesity developed following the 

experience of life events, such as breakdown of a marriage, bereavements, etc. 

(Kaplan and Kaplan 1957). These life events may have diverse effects on the 

energy balance; e.g. a new demanding job may have an impact on the time 

available for meals and sport. In addition, the job may bring about a state of 

arousal that may have its own less apparent effect on eating behavior and 

energy balance in general. 

Animal studies have shown that stressors like tail-pinching, noise or 

electric shock induce animals to eat (Kupfermann 1964, Rowland and Antelman 

1976, Robbins et al. 1981). In animals made aphagic by lesions of the lateral 

hypothalamus, it has been shown that environmental stimuli can temporarily 

reverse the aphagia (Robbins et al. 1981). 

In humans, increased food intake as a response to stressors has also been 

described (Rodin 1978, Slochower 1983). Slochower (1983) manipulated the 

recognizability of the stressor and found that obese subjects ate more as a 

response to diffuse arousal conditions than in response to labeled arousal 

conditions. In addition to their specific informational properties, the 

stressors may have non-specific properties that cause a state of arousal. If 

the informational properties of these stressors are not easy to discriminate, 

the arousal they cause may be channelled into different forms of behavior, 
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depending on the external cues that are present (Rodin 1978, Slochower 1983, 

Robbins et al. 1981). In addition to the presence of stressers, the absence of 

stressors may also be a diffuse arousal condition (Gersten et al. 1974), which 

may result in an increased food intake (Abramson and Stinson 1977). 

Another mechanism that might be involved in the relation between stressor 

and energy balance is the breakdown of the cognitive restraint of dieters; as 

Lipinski (1978) and Wechsler et al. (1978) have shown, in initially successful 

dieters, weight loss was maintained worst in subjects who experienced more life 

events during follow-up. 

In conclusion, arousal may be one of the intermediate factors between 

environmental factors and changes in energy balance. 

5. CONCLUSION 

The risk to health posed by obesity seems to be larger in younger subjects 

than in older subjects. Though this might suggest that moderate weight gain 

after the termination of growth may not increase the risk to health, this 

contention is not supported by other observations. Overweight acquired at adult 

years may even carry a greater toll than does lifelong overweight of moderate 

severity. Because studies on the effect of dieting show that overweight is 

difficult, if not impossible, to cure, it may be better prevented. In this 

context it is essential to gain more insight into the etiology of overweight. 
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2 DESIGN OF THE MIXED-LONGITUDINAL STUDY 

A mixed-longitudinal study is based on the following general strategy 

(Kowalski and Prahl-Anderson 1980): i samples of subjects, a,, a,, , a. 

years of age at the start of the study, respectively, are observed for y years. 

The samples are chosen in such a way that the first sample at the end of the 

follow-up study is older than the second sample at the beginning of the 

follow-up study; a, < a,+y,. a. < a..,+y. Thus, overlapping age intervals 

arise. The information from all samples may be combined to obtain data over the 

entire age range a,,a.+y. By doing this, both the within-subject changes 

(longitudinal data) and the between-subject differences (cross-sectional data) 

are used. Based on these two aspects the study is designated 

'mixed-longitudinal'. In this way, a relatively wide age range can be studied 

in a relatively short time span, which makes the study more efficient. 

Descriptive analysis of a mixed-longitudinal study 

The magnitude of a parameter in a mixed-longitudinal study depends on three 

independent effects: differences associated with age (A «• age effect), 

differences associated with time of measurement (P - period effect) and 

differences associated with time of birth (C = cohort effect). These effects 

will be illustrated with the weight data from the five-year follow-up Normative 

Aging Study on 2000 white male veterans born in 1885-1943 (Friedlaender et al. 

1977). 
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Figure 1: Five year mean longitudinal changes of body weight with age in men 

(Friedlaender et al. 1977) 
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The age effect is due to maturation and development. These latter factors, 

thus, are the prime objects of inference in studies that aim to estimate 

age-reference curves. The weight change during the five year follow-up period 

(Figure 1) renders the age effect in the Normative Aging Study, though 

confounding by a period effect may be present. The decreasing slopes with 

increasing age represent diminishing age effects, but these slopes may also be 

confounded by cohort effects (Schaie 1965); over the same age range, different 

cohorts may have different slopes. This indicates that the 'pure' age effect 

can only be estimated cohort-specifically in the absence of a period effect. 

The cohort effect is caused by long-term environmental conditions, which may 

even occur before birth. The difference between weights of different cohorts 

measured at the same age renders the cohort effect (though confounding by a 

period effect or by random sampling may be present). Figure 1 shows that at t!he 

same age American men that are born later have a higher body mass index. 

Departures due to sampling procedures cannot be distinguished from the cohort 

effect. 

The period effect is caused by temporary environmental conditions. These 

effects might be caused, for instance, by a calibrating error of the balances, 

seasonal fluctuations and in a special case of temporary environmental 

conditions, by a spurious intervention effect caused by the repeated 

measurements in the study itself (i.e. obese subjects may be motivated to lose 

weight because of the repeated weight measurements). This last period effect 

can only be detected by means of a control group. 

The weight differences measured in a cross-sectional study are interpreted 

as age effects under the assumption of no cohort effect, while in a purely 

longitudinal study the weight changes within a cohort are interpreted as age 

effects, under the assumption of no period or cohort effect. Based on the data 

of Figure 1, a cross-sectional study at the first examination (solid points) 

would have concluded that weight is relatively stable through young adulthood 

and decreases above 50 years of age, while a longitudinal study on the youngest 

cohort would have shown a sharp weight gain. 

In a mixed-longitudinal study, the age-period-cohort analysis generally aims 

to estimate the three effects under less stringent assumptions than is true for 

cross-sectional or purely longitudinal studies. However, though intrinsically 

the three effects are independent, this is not so within the data, since the 

year of birth plus the age is the time of measurement (Baltes 1968, Van 't Hof 

et al. 1977). This necessitates assumptions also being made in a mixed-longitu­

dinal study, to make the effects identifiable. Since no clear-cut criterion 
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exists to decide which assumption is best, this has been designated 

'the identlfiability problem' (Kupper et al. 1985). As Kupper et al. have 

argued, the comparison of the fitted curves with the traditionally graphical 

representation of the data, may be the best evaluation criterion of the imposed 

assumption. Even if the same assumptions are made as generally apply to 

cross-sectional or longitudinal studies, the advantage of the 

mixed-longitudinal study (in addition to its efficiency) is that it explicitly 

requires the investigator to recognize the assumptions that are made. 

Etiologic analysis of a mixed-longitudinal study 

To study the effect of a determinant on the change over time of a dependent 

variable, the mixed-longitudinal study is generally analyzed as a 

cross-sectional or a purely longitudinal study, with the extension to more than 

one cohort. 

The advantage of a cross-sectional analysis is clear: the determinants have 

to be measured at one examination only. A cross-sectional analysis is 

sufficient for the study of permanent, unvarying, determinants (gender, socio­

economic status). In other words, the estimation of the effects of these 

determinants based on differences within or between subjects will be the same. 

This is true only if the effect of the determinant is not biased by a cohort 

effect; but in the study of an association between two variables this is 

generally ignored. So, with this limitation, the effect of the determinant will 

be validly estimated cross-sectionally, whether the effect is constant over age 

(Figure 2a) or modified by age (Figure 2b). 

The effect of non-permanent determinants cannot validly be estimated in 

cross-sectional studies, since at the same age such a determinant may have 

fully affected one subject, but may just have started to take effect in the 

other (Figure 2c,2d). So, a valid estimate of the effect can only be derived 

from a longitudinal study. A cross-sectional analysis of these determinants may 

be useful, though, in deciding which determinants deserve further consideration 

in the longitudinal part of the study. This is another advantage of the 

mixed-longitudinal study. 

Present mixed-longitudinal study 

In spring 1980, all the inhabitants of the county of Ede who were 19-21, 

24-26 and 29-31 years of age in January 1980, were invited by mail to 

participate in the study. Their addresses were obtained from the Civil 

Registration Office in Ede. The respondents were split into two subgroups, the 
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Figure 2: The effect of permanent (a,b) or non-permanent (c,d) determinants 
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follow-up group and the control group. From spring 1981 through spring 1984, 

the follow-up group was examined every six months. The control group was 

examined in spring 1984 only (Figure 3). At each examination, body weight was 

measured and a questionnaire was completed. 

In subsamples of the follow-up group and the control group, additional 

examinations were conducted. All women who were pregnant at the 6th and 7th 

examination participated in a study on the effect of pregnancy on the 

development of the body mass index. A subsample of the control group 

participated in three additional examinations for a detailed study on 

anthropometry, physical activity and food consumption. 

Scheme 1 gives an overview of the studies conducted within the 

mixed-longitudinal study. 

Outline of the thesis 

In Chapter 3 the change in body mass index during the four years of 

follow-up is compared between the follow-up group and the control group to test 

whether a spurious intervention effect is present. For the follow-up group the 

development of the body mass index from 19 to 35 years of age is described, 

based on an age-period-cohort analysis. 

In Chapter 4 several aspects of the development of the body mass index are 

considered more specifically, exploiting the advantages of a longitudinal 

design. Since there are indications that subjects initially overweight lose 

more body mass than subjects who are not initially overweight, body mass 

changes and fluctuations within subjects are analyzed. The age-specific 

incidence of overweight is assessed. 

With respect to a possible intervention in the development of the body mass 

index, described in Chapter 3 it is important to estimate the effect of 

attempts to lose weight by dieting. This is described in Chapter 5. The effect 

on the body mass index of dieting on medical advice or on one's own initiative 

is assessed, as well as the effect of repeated attempts to lose weight. 

Determinants of successful dieting behavior are characterized. 

To investigate the impact of environmental factors on the development of the 

body mass index the effect of life events was estimated. This follow-up study 
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is described in Chapter 6. The change in body mass in subjects experiencing few 

or many life events was compared with the change in body mass in subjects with 

a moderate number of life events. As is done for dieting behavior, subgroups 

with different responses are traced. 

Cross-sectional analysis of the first examination (Baecke et al. 1983a) 

indicated that women with two or more children had a larger body mass index 

than women with one child or without children. Pregnancy as a potential 

determinant of overweight in women is examined in a detailed study, described 

in Chapter 7. The women participated in the follow-up study and were followed 

one year postpartum. Their change in body mass is compared with that of women 

who were not pregnant during the four-year follow-up study. 

Frame categories in weight-height tables have hardly ever been evaluated, 

except qualitatively. In Chapter 8 a detailed study on the impact of these 

frame categories is described. Six frame diameters were examined to improve the 

estimation of body fatness by the body mass index. 

The ninth and last chapter comprises a general discussion of the studies 

presented in this thesis. 
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