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STELLINGEN 

1 
De afwezigheid van significante correlaties tussen nutrienten en het serum 

cholesterolgehalte binnen Westerse populaties is niet strijdig met de verzadigd 
vet-serum cholesterol hypothese. 

Dit proefschrift. 

2 
De Q.I. (Quetelet Index) is een even onbetrouwbare schatter voor obesitas 

bij kinderen als het I.Q. (Intelligentie Quotient) voor de intelligentie. 

3 
Het is beter regelmatig matige maaltijden te gebruiken dan onregelmatig 

overmatige maaltijden. 

4 
Een orientatie op de voeding die alleen gericht is op het onderkennen van 

manifeste deficienties, ziet voorbij aan het chronische karakter van de huidige, 
mede door de voeding beinvloede, welvaartsziekten. 

5 
Verschillende voedselopname methodieken leveren over het algemeen de-

zelfde resultaten op voor de macronutrienten als deze worden uitgedrukt in 
energie procenten. 

6 
De bewering: 'De gemiddelde Nederlander consumeert 138 g vet per dag' 

berust op een verkeerde interpretatie van de bruto consumptie gegevens. 

7 
Geoordeeld vanuit de veranderingen die zich na de Tweede Wereldoorlog 

in onze levensstijl hebben voltrokken, met name de veranderingen in het 
voedselconsumptie- en het lichamelijk activiteiten patroon, lijkt de uitdruk-
king: 'Brood verdienen in het zweet zijns aanschijns' een anachronisme te zijn. 

Screeningsprogramma's gericht op preventie van coronaire hartziekten door 
selectie van hoog risico groepen, waarbij ongeveer de helft van de hartinfarcten 
zou plaatsvinden, zijn noch effectief noch efficient. 



9 
Preventieve maatregelen toegepast door de gehele bevolking beneden de 

60 jaar lijken, in het kader van preventie van de premature sterfte aan coronaire 
hartziekten de meeste kans op succes te bieden. 

10 
Een pleidooi voor op het gezin gerichte aanbevelingen in het kader van 

preventie van hart- en vaatziekten, dient niet uitgelegd te worden als een door 
Van Agt georganiseerde actie in het kader van het ethisch reveil. 

11 
Het geld besteed aan de hart-luchtbruggen had beter bestemd kunnen worden 

voor onderzoek naar de mogelijkheden om de epidemie van premature sterfte 
aan coronaire hartziekten door preventieve maatregelen terug te dringen. 

12 
Het blijven stijgen van de kosten van de gezondheidszorg zonder dat dit 

leidt tot een verbetering van de kwantiteit en de kwaliteit van het bestaan, is 
maatschappelijk ongewenst. 

13 
De problemen van onder- en overvoeding zijn onoplosbaar, niet vanwege 

een tekort aan voedingskundigen, maar vanwege het ontbreken van de politieke 
wil om te komen tot een gelijkmatiger verdeling van de welvaart over de gehele 
wereld. 

14 
Het is belangrijker de kinderen op de scholen te confronteren met de jaar-

tallen van de momenten waarop in de geschiedenis hongersnoden zijn opge-
treden dan met jaartallen waarop oorlogen zijn uitgevochten. 

15 
De grote belangstelling voor voedingsproblemen bij de bevolking is negatief 

gecorreleerd met de aandacht die aan het vak voedingsleer, binnen de medische 
opleiding in Nederland, besteed wordt. 

16 
De sterk levende ongerustheid over de toxiciteit van additieven had voor-

komen kunnen worden wanneer gestandaardiseerde onderzoekingen naar de 
toxiciteit van toegestane additieven zouden zijn uitgevoerd. 

17 
Toenemende spellingsvereenvoudigingen werken onbegrip voor het door 

vorige generaties geschrevene in de hand. 



18 
Dagbladen dienen een pluriform karakter te dragen en niet gebaseerd te 

zijn op de formule: 'Lik de lezer en zijn vooroordelen'. 

A. DEN DOOLAARD, 1974. Pers en Persvrijheid. Em. Querido's 
Uitgeverij B.V. Amsterdam, p. 33-44. 

19 
De rechtlijnigheid van denken, noodzakelijk voor het beoefenen van het 

damspel, zou een verklaring kunnen vormen voor de populariteit, die dit spel 
in (orthodox) calvinistische gezinnen geniet. 

D. KROMHOUT 
Food intake, nutritional anthropometry and blood chemical parameters in 3 selected Dutch 
schoolchildren populations. 
Wageningen, 5 april 1978. 



STELLINGEN 

1 
De academische vraag in hoeverre een kind tijdens opgroeien een risico-

factor behoudt mag met als verontschuldiging dienen om de behandeling ervan 
achterwege te laten. 

2 
De voedingsvoorlichting kan ten aanzien van de preventie van chronische 

ziekten met succes gebruik maken van de bij ouders algemeen levende wens dat 
hun kinderen het in de toekomst beter dienen te hebben dan zij nu. 

3 
Een op nationale schaal uitgevoerd voedselconsumptie-onderzoek kan geen 

bevredigend antwoord geven op de vraag: 'Welke bevolkingsgroep vertoont 
welke behoeften?'. 

4 
Het ontbreken van een volledig verklarend fysiologisch model voor de rol 

van voedingsvetten in de atherogenese werkt belemmerend op de effectuering 
van voedingsverandering met het doel atherosclerose te voorkomen. 

5 
Het opstellen en uitvoeren van een nationaal voedingsbeleid vergroot de 

geloofwaardigheid in het verantwoordelijkheidsgevoel van Nederland voor de 
voedselsituatie in de derde wereld. 

6 
Gezien het grote verschil in sterftecijfers van kanker en hartinfarct is het 

verwonderlijk dat de warenwet in samenhang met de eerstgenoemde doods-
oorzaak een 'safety first'-, en de laatstgenoemde doodsoorzaak een 'laisser 
faire'-karakter draagt. 

7 
Anthonie Dirk van der Haar, geboren te Utrecht op 20 mei 1887, was de 

eerste ambtenaar die tijdens de tweede wereldoorlog op bevel van de bezettende 
macht uit de Nederlandse politiedienst werd ontslagen daar hij had geweigerd 
Joden te arresteren. 

Correctie op: JONG, L. DE, 1975. Het Koninkrijk der Neder-
landen in de Tweede Wereldoorlog, deel 6, eerste helft. Den 
Haag, Staatsuitgeverij, p. 36 en p. 232. 



Door zich uit te spreken tegen persoonlijke decoraties, met uitzondering van 
postume, heeft net voormalig georganiseerd verzet zichzelf onderscheiden. 

SANDBERG, H. W., 1950. Witboek van de Grote Advies Com-
missie der Illegaliteit. Amsterdam, Amsterdamse Boek- en 
Courantmaatschappij, pp. 212-214. 

9 
De preventieve cardiologie herbergt het kenmerk van een contradictio in 

terminis. 

10 
Momenteel gangbare normaalwaarden voor bloedlipiden hebben niet meer 

dan praktische waarde. 

11 
Mannelijke werknemers die tevens vader zijn van 0-4 jarige kinderen dienen 

recht te hebben op extra vrije dagen teneinde hun echtgenote bij gelegenheid 
te kunnen vrijmaken van de dagelijkse bezigheden thuis. 

12 
'Meer kinders zijn van vreten bedorven, 

dan dat er van honger zijn gestorven'. 

JACOB CATS (1577-1660) 

F . VAN DER HAAR 

Food intake, nutritional anthropometry and blood chemical parameters in 3 selected Dutch 
schoolchildren populations. 
Wageningen. 5 april 1978. 



PREFACE 

The impressive past era of nutritional deficiency research has demonstrated 
that even in those areas where food is plentiful, man has not always been able 
to avoid certain illnesses caused by deficiencies in the diet. The fear of mal­
nutrition, being the inevitable result of specifically maintained defective food 
intake patterns, has for a long time been the most important guide for govern­
ment policies and actions taken by the food industry, health information 
services and research institutes. The majority of people living in the Western 
countries, including The Netherlands, still believe that the main nutritional 
problem is that of undernourishment. In the meantime, however, the food 
situation has changed considerably in these countries. The enormously pro­
ductive agricultural and cattle-breeding industries, the highly developed food 
technology, the efficient and widespread distribution system and the accom­
panying marketing and advertising, offer the consumer an overwhelming 
variety of food and food products, all of which he is able to buy because of his 
high purchasing power. It might be worthwhile, therefore, to consider in this 
situation the possibility of malnutrition due to abundancy of the diet. 

Perhaps the most important conclusion we would like to suggest to the 
reader is that on the basis of our results the above possibility may be highly 
probable. 

The initials of the authors, mentioned in the contents, do not mean that the 
author of the chapter is only interested in the subject(s) dealt with in that 
chapter. The placing of these initials was considered essential due to the fact 
that this thesis is rather unusual in that it has two authors who are both inter­
ested in all aspects of the study as they studied at the same time, gained their 
Masters degrees at the same time, and did this investigation together. 

This research was made possible by the participation of many school­
children and a great number of their parents from three selected towns in 
The Netherlands. They inspired us to continue and assisted us in our efforts 
to bring the investigation to a conclusion as reported here. 

We would like to thank all those who contributed in one way or another to 
the initiation, organization, execution and conclusion of this study, especially: 

Professor Hautvast who taught us the concept of nutrition as an anthropo-
biological science. This certainly helped us in our joint, initially hesitant, ideas 
concerning the desirability of carrying out epidemiological research on groups 
of healthy Dutch schoolchildren. His stimulating optimism when we failed to 
regard the organizational aspects of doing this work, and his rapid critical 
reading of the manuscript, supplying it with valuable suggestions, were in­
valuable. 

We remember with pleasure the co-operation of Wila van Hulzen, Theo 
Koopman and Jelly Dijkstra during the pilot study carried out in Wageningen 



under the direction of the School Health Organization, district Ede-Wage-
ningen. 

The co-operation of the school physicians, G. B. Boerma (Heerenveen), 
G. H. Wiegers (Roermond) and W. F. E. Smelik (Harderwijk) is recalled with 
gratitude. They confided in us from the very beginning and took part in the 
investigation with enthusiasm. 

Examination of the children was made possible by the willingness and 
permission of many headmasters, parents committees and local health authori­
ties. We also appreciate the valuable contributions made by the local welfare 
workers of 'De Terp' in Roermond. 

Many blood samples were skilfully collected by Feikje Schregardus-de 
Vries, Mia Scheepers, Lene Biermans, Hanke Wijnen-Runeman, Cock Ger-
ming-Nouwen and Bea Nijhof. Thanks to them, the venepuncture turned out 
to be a much less painful experience than was expected by the majority of the 
children and their parents. 

Those participants unfortunate enough to be 'hyper-responders', received 
nutritional advice from Janna Boersma, Corrie Pronk-Harmsen and Ria de 
Haan-Brand. These dieticians impressed us by performing their difficult task 
in more than just a routine way. 

Many university students gained some of their practical experience in the 
town projects. They shared with us the joys and sorrows associated with 
the execution of field-work. Their names, in alphabetical order: Resi van 
Agthoven-Kraat, Louise Anten, July de Bats, John Bevers, Froukje Geertsma, 
Onne Haitsma, Hetty van Liere-Veerman, Josine Oude Ophuis-Veltkamp, 
Rini Plusje-van Heel, Ton Tanis, Fons Toorop, Sari de Vlaming, Inge van 
Walsum-Swen, Hannie van der Werff, Helmi van der Wiel-Wetzels and Marcel 
Worms. We are very grateful to Hannie van der Werff who performed the 
computer analysis of the demographic data of the present study after finishing 
her university education. 

Andre de Bont, student and colleague, has been an exceptional friend and 
we would like to thank him for his personal involvement in many aspects of 
this work. 

We also wish to thank the Departmental staff who trained us during our 
over-protected existence as students of Human Nutrition, many of whom later 
helped and supported us with their advice and practical involvement. 

Frans Schouten and the laboratory staff who often helped us in times of 
trouble, especially regarding blood collection and lipid determinations. 

The dieticians, Ypie Blauw, Anneke Geerts-van der Weij and Wija van 
Staveren, who enthusiastically trained all three dietary survey teams. Their 
help in solving problems encountered during the survey is very much appre­
ciated. 

The patience shown by Mrs. Edema in training the mainly natural science 
orientated investigators in the art of interviewing is also very much appre­
ciated. 

Bert Gundlach was helpful by solving technical problems. 



Finally, we would like to thank Heleen van den Berge-de Nooij for the end­
less typing of drafts immediately before and during the surveys and for typing 
final parts of the manuscript. Hanny Lamster for typing the preliminary text 
of this thesis, Mrs. Van der Wal who typed the majority of the manuscript and 
Ann Chadwick who translated our often literary efforts into a form suitable for 
publication. 

Wageningen, November 1977 Frits van der Haar 
Daan Kromhout 
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1. I N T R O D U C T I O N 

The interest in children in atherosclerosis research has been the consequence 
of confluent evidence that certain atherogenetic processes may have their roots 
in infancy and childhood. 

RUSSEL HOLMAN (1961), practising 'geographical pathology', was among the 
first to draw attention to this concept by explicity expressing his conviction that 
atherosclerosis may be a 'pediatric nutrition problem'. His opinion was based 
on the then still scanty evidence that initial events, related to atherosclerosis, 
could be detected in the arterial wall during childhood. 

The search for the early lesion of atherosclerosis has been pursued by many 
investigators. MCMILLAN (1973) summarized: 'It now appears that there is no 
exclusive or unique early lesion for all atherosclerosis but a variety of initial 
changes such as endothelial injury, platelet adhesion, altered endothelial per­
meability with insudation of blood proteins, infiltration of lipotroteins and the 
like which can lead to injury repair reactions and, in some circumstances, to 
plaque building'. This description draws attention to the variety of interacting 
influences in the genesis of lesions, to the concept of repair reactions of the 
arterial wall to injury and to the dynamics of the processes involved. The 
difficulty in gaining a comprehensive picture of the chain of events underlying 
the stages of atherosclerosis remains in the inevitably static nature of the kind 
of descriptions provided by post-mortem material. In order to understand the 
reasons for progression from the initial stages to the pathological compli­
cations it is inevitable to enter into the cellular level in morphological and bio­
chemical terms. The large amount of knowledge which has accumulated 
since the early research of Holman, in particular at cellular level, has been 
summarized by WISSLER et al. (1976). It provides a link between the mechanism 
of atherosclerosis and the risk factors for the disease. 

The role of lipoproteins especially has received considerable attention. The 
next chapter deals with some recent developments. 

1.1. SERUM LIPOPROTEINS AND ATHEROGENESIS 

The atherosclerotic lesion of the arterial wall is characterized histologically 
by the accumulation of lipid. The early lesion seems to have relatively high 
amounts of phospholipids (SMITH, 1965), the advanced lesion is characterized 
by increasing concentrations of cholesterol and its esters. The overwhelming 
amount of data implicating the serum lipoproteins, particularly low density 
(LDL) and very low density lipoproteins (VLDL), with the development of 
atherosclerosis suggests that these may be a specific stimulus for the initial lesion 
and the subsequent atherogenic process. The reactions of arterial smooth 
muscle cells have been extensively studied (ST. CLAIR, 1976b). In most of these 
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studies VLDL and LDL were used, i.e. the hypothesized atherosclerosis 
promoting lipoproteins. The major responses of arterial muscle cells to the 
exposure of these lipoproteins were the stimulation of both cell proliferation 
(WISSLER et al., 1976) and cholesterol esterification (HASHIMOTO et al., 1973). 
Ultimately, however, the concentration of cholesterol esters in the arterial 
wall must depend on the balance of forces resulting in accumulation and 
removal of cholesterol esters. 

In a series of recently conducted in vitro studies a variety of peripheral cell 
types, including human fibroblasts (BROWN and GOLDSTEIN, 1976), rat (STEIN 

et al., 1976) and swine (STEINBERG et al., 1976) arterial smooth muscle cells and 
human vascular endothelium (STEIN and STEIN, 1976), have been shown to be 
able to take up and degrade LDL which is in accordance with earlier studies 
using tissue cultures (BONDJERS and BJORKERUD, 1975; ST. CLAIR, 1976a). In 
contrast, both rat and human liver parenchymal and non-parenchymal cells 
were unable to catabolize significant amounts of LDL (VAN BERKEL et al., 
1977). Thus, LDL catabolism must take place peripherally, while high density 
lipoproteins (HDL) are assumed to be broken down by the liver (GLOMSET, 

1968). In human fibroblasts, the catabolism of LDL involves the binding of LDL 
to the cell surface followed by its internalization and uptake in lysosomes. Here 
the protein component is degraded to small particles which leave the cell. The 
cholesterol esters of the lipoprotein are hydrolyzed and the liberated cholesterol 
inhibits the endogeneous cholesterol synthesis through suppression of its key-
enzyme: 3-hydroxy-3-methyl-glutaryl coenzyme A reductase (BROWN and 
GOLDSTEIN, 1976). 

Further studies on the interaction of HDL with this process of LDL-cata-
bolism indicated that HDL reduces the binding of LDL to the surface of aortic 
smooth muscle cells (STEINBERG et al., 1976) and of human fibroblasts (MILLER 

et al., 1977a) and thereby reduces its catabolism. HDL was shown to bind at 
the surface as effectively as LDL but was internalized and degraded in insigni­
ficant amounts, because HDL alone had no net effect on cell cholesterol 
content. Furthermore, at molar ratios of approximately 25 HDL: 1 LDL no 
increase in cell content of cholesterol could be observed in these studies which 
was explained by either a blockade of LDL-internalization or by promotion 
of efflux of LDL cholesterol from the cell by HDL as proposed by GLOMSET 

(1968). Of course, both mechanisms may have contributed to this effect. 
It may be important to speculate on the significance of these findings, 

because these mechanisms provide possible explanations for the consistently 
observed negative relationship of HDL-concentrations with atherosclerotic 
complications, either by case-control (BERG et al., 1976), by prevalence 
(RHOADS et al., 1976; CASTELLI et al., 1977), longitudinally retrospectively 
- ambispectively - (MILLER et al., 1977b) or by incidence (GORDON et al., 
1977). Serum HDL:LDL molar ratios of 5:1 to 25:1 are common in 
Western adult populations (NICHOLS, 1967) and it is known that the vascular 
endothelial lining is transmigrated more easily by HDL than by LDL due 
to its smaller size (STEIN et al., 1976; EISENBERG, 1976). Thus the molar 

Meded. Landbouwhogeschool Wageningen 78-9 (1978) 



HDL: LDL ratios to which peripheral cells, including arterial smooth muscle, 
are exposed in vivo are likely to be in a range similar to those at which signi­
ficant alteration of LDL catabolism by HDL may occur. At the same time, the 
results of these studies suggest that for a proper evaluation of risk attributable 
to cholesterol elevations in the blood it may be necessary to distinguish be­
tween the relative contributions of LDL and HDL to the serum total cholesterol. 

The digression made above into the potentially preventive action of HDL 
should not divert the attention from the risk promoting effect of the lipoproteins 
of lower density. A variety of studies, animal, experimental, clinical and epi­
demiological, have proved the prime importance of these lipoproteins in the 
development of atherosclerotic complications (STAMLER, 1967; INTER-SOCIETY 
COMMISSION FOR HEART DISEASE RESOURCES, 1970). Elevated levels of serum 
total cholesterol, highly correlated on a population basis with elevated levels 
of low density lipoproteins, separately as well as in combination with other risk 
factors, promote the extension of atherosclerosis and therefore the probability 
of premature disease. The finding that arterial lesions of the human type cannot 
generally be produced experimentally in animals without substantial modifi­
cation of the diet, is regarded to be of central importance in the evaluation of 
the association between serum total cholesterol and atherosclerotic complica­
tions. Human populations with diets rich in animal protein, saturated fat, 
cholesterol, sugar and salt have, with very few exceptions, high mean serum 
total cholesterol levels and high incidence and mortality of premature athero­
sclerotic-disease. Populations not exposed to this combination of dietary 
characteristics generally exhibit low mean serum total cholesterol levels and 
enjoy low incidence and mortality rates of premature atherosclerotic disease. 
Furthermore, within any population, the risk of developing premature athero­
sclerotic disease increases as the serum total cholesterol level rises, and there 
does not seem to be any evidence of a critical level of serum total cholesterol 
which separates individuals with high risk from those with low risk. 

Main attention has been paid in the foregoing to the relationship between 
serum total cholesterol and atherosclerosis. This was thought to be justified on 
the basis of the recognition that the prevalence of elevated serum total choles­
terol levels appeared to be the single most important characteristic of epidemic 
importance in investigated schoolchildren populations from industrialized 
countries. In addition to this, a high prevalence of obesity characterizes most 
surveys reported from Western schoolchildren populations. The other major 
risk factors established in adults, e.g. hypertension and cigarette smoking, 
affect these schoolchildren populations while growing up into adolescence and 
young adulthood on top of the highly prevalent elevated serum total cholesterol 
levels. The observation of these events, occurring in chronological order in 
populations of growing children, may lend support to the concept of the mass 
occurrence of sustained elevated serum total cholesterol levels in the popu­
lation being the essential metabolic prerequisite for the mass occurrence of 
severe atherosclerosis and premature atherosclerotic disease in young and 
middle-aged adults in these populations (STAMLER et al., 1972). 
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The relationship between diet, serum total cholesterol and the development 
of atherosclerotic complications described above may be obscured easily by a 
variety of influences. The evaluation of the three-way relationship between 
habitual diet, levels of serum total cholesterol and premature occurrence of 
severe atherosclerotic disease requires the consideration of difficulties in 
techniques and methods for ascertainment of the habitual diet, of influences 
related to the observed serum total cholesterol levels and of difficulties in 
diagnosing the cause of death. In the present investigation, the related matters 
centre around the first two difficulties. Because of these, and because of their 
possible impact upon the results presented in this report, a review of these 
aspects will be given. 

1.2. DIETARY SURVEY METHODS 

One of the objectives of this regional comparative schoolchildren study was 
to investigate the relationship between diet and serum total cholesterol. In 
order to make a proper evaluation of this relationship possible literature re­
views were made concerning: 
- the value of results obtained by different dietary survey methods; 
- intra-individual variation of food intake; 
- variations in serum total cholesterol in populations and individuals; 
- relationships between diet, serum total cholesterol and coronary heart 

disease. 
From the food intake data, collected in this study, total energy and the 

following nutrients were calculated: 
- vegetable, animal and total proteins; 
- Ci2_i6-saturated, total saturated, total mono-unsaturated, total poly-un-

surated and total fats; 
- oligo- and polysaccharides; 
- dietary cholesterol; 
- dietary fibre. 

These nutrients were chosen because several studies have shown that each 
plays an important role in the dietary etiology of atherosclerosis (KEYS, 1970; 
STAMLER et al., 1972; BURKITT et al., 1974). In the literature reviews information 
about diet will be restricted to these nutrients. 

Results obtained by different dietary survey methods will be compared on 
the basis of group data. Before such comparisons are made information con­
cerning the accuracy of these methods is needed. Accuracy has to do with the 
difference between the estimate and the true value of the parameter (the total 
error in the estimate); high accuracy meaning small total error (MIETTINEN, 
1977). Generally, accuracy is divided in two components: Validity and relia­
bility. 3 

The validity of a method is assessed by comparing it with an independent 
method of unquestionable accuracy. Validity is defined as 'the true accuracy 
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of a method as a measurement of the variable it is supposed to measure' (KEYS, 

1965). Dietary survey methods of unquestionable validity do not exist (PEK-
KARINEN, 1970; MARR, 1971). 

When the object of a study is the comparison of results from different 
populations, relative validity or reliability, i.e. information about the repeata­
bility of the method may suffice (KEYS, 1965). Reliability is defined as: 'A 
procedure is reliable if it gives the same results when used repeatedly in the 
same situation (i.e. when it is reproducible)' (MOORE, 1960). 

There is general agreement that chemical analysis of duplicate portions of 
all foods eaten is the most accurate dietary survey method available. In this 
review the duplicate portion technique has been used as the 'gold standard' 
(MARR, 1971) and the validity of the other methods has been evaluated against 
this 'gold standard' as far as possible. The method that should be used in dietary 
surveys depends not only on the validity and the reliability of the method but 
also on the objectives of the study and on the resources available (YOUNG, 

1965). 
In this review the 'strength and weaknesses' (YOUNG and TRULSON, 1960) of 

different dietary survey methods will be discussed (Table 1). First, the methods 
using chemical analysis of food samples will be described and discussed. 
Subsequently, the limitations of food tables will be discussed. After describing 
the record methods, the results obtained by these methods will be compared 
to results obtained by those using chemical analysis of food samples. This 
procedure will also be used regarding interview and short cut methods. After 
describing these methods the results obtained by them will be compared to 
results obtained by other methods. 

TABLE 1. The most commonly used dietary survey methods 

Dietary survey methods characterized by 

Chemical analyses 
of food samples 

Duplicate portion technique 
Aliquot sampling technique 
Equivalent composite technique 

Calculation of food intake data 
from food tables 

Record Interview Short-cut 

Precise weighing Recall Record 
Weighed inventory Dietary Recall 

Present intake history 
recorded in 

household measures 
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1.2.1. Chemical analysis of food samples 

1.2.1.1. Dup l i ca t e p o r t i on t e chn ique 
The duplicate portion technique is considered to be the most accurate dietary 

survey method among field conditions (THOMAS et al., 1950; HUNSCHER and 
MACY, 1951; PEKKARINEN, 1970; BORGSTROM et al., 1975). However, this 
method is not absolutely accurate because the duplicate taken for analysis is 
not necessarily identical to the serving of food allocated to the subject (LEITCH 

and AITKIN, 1950; SAMUELSON, 1970). A study into the reliability of chemical 
analysis of duplicates has shown that differences between analyses of different 
duplicates are small for energy and protein but considerable for fat (THOMAS 

et al., 1950). The greatest differences between duplicates occur when composite 
dishes like soup, and fat-containing foods such as French fried potatoes, are 
served. This source of variation may be reduced when quantities of individual 
food components of a mixed dish are combined in proportions relative to those 
of the food to be served, cooked separately, and the entire amount taken for 
analysis (THOMAS et al., 1950). However, application of the technique in this 
way is very time-consuming and can only be done in metabolic studies. 

Another source of variation may be the possible non-inclusion of the dupli­
cate of small items taken with or between meals (LEITCH and AITKIN, 1950). It 
is also possible that the housewife has forgotten to cook an additional amount 
of food, so that the person under survey may perhaps eat less than he would 
have done normally (PEKKARINEN, 1970). 

The duplicate portion technique is time-consuming and can only be used in 
a study with very motivated subjects. Consequently, it is difficult to select a 
random sample of the general population for such a study. It is also possible 
that the subjects alter their purchasing and cooking habits (MARR, 1971). How­
ever, there are no data to substantiate the idea that subjects to whom the ob­
jectives of the study are clearly explained and who are willing to participate in 
such a study are actually changing their purchasing and cooking habits. YOUNG 

and TRULSON (1960) summarized this problem as follows: 'Individuals who are 
careful in keeping dietary records are careful throughout, just as those who are 
careless are careless early in the process as well as later'. 

Finally, the accuracy of the results is also influenced by measurement errors 
due to chemical analysis (WHITING and LEVERTON, 1960; KEYS et al., 1966; 
KEYS and KIMURA, 1970; CHAN CHILY YULI et al., 1975). Although these 
errors are presumably relatively small compared to the sources of variations 
involved in the calculation of the nutrient content of foods from food tables, 
it is clear that even the most accurate method available for dietary surveys does 
not give absolutely valid results. 

1.2.1.2. A l i quo t s ampl ing t e chn ique 
During the survey period the weights of all foods eaten and the volumes of 

all beverages drunk, except water, are recorded and aliquot samples, e.g. one 
tenth of all foods and beverages consumed, are collected daily. Subsequently, 
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the combined aliquot samples of the whole survey period are chemically ana­
lysed (DEN HARTOG et al., 1965; BUZINA et al., 1966; KEYS et al., 1966). Studies 
comparing this method with the duplicate portion technique were not done. 
This method is probably less accurate than the duplicate portion technique 
because the recording of weights and volumes and the possibility that the foods 
of the aliquot sample are not necessarily identical to the foods eaten cause 
additional sources of variation. Yet, the aliquot sampling technique is some­
times preferred above the duplicate portion technique for financial reasons 
because less food is needed and only one analysis has to be made in the combin­
ed aliquot samples of foods from the whole survey period. 

1.2.1.3. Equ iva l en t c ompos i t e t e c hn i que 
The equivalent composite technique consists of two parts. The weights of all 

foods eaten and the volumes of all beverages drunk, except water, are recorded 
during the whole survey period. Afterwards, a sample of raw foods, equal to 
the mean daily amounts of foods eaten by an individual during the survey 
period, is taken for chemical analysis (ROINE et al., 1964; BUZINA et al., 1966; 
FIDANZA and FIDANZA ALBERTI, 1967; PEKKARINEN, 1967). The samples of raw 
foods may be purchased locally when the differences in nutrient content of the 
quantitatively most important foods are expected to be small (ROINE et al., 
1964; BUZINA et al., 1966; FIDANZA and FIDANZA ALBERTI, 1967). If these 
differences are large, the samples of raw foods should be collected at home 
(PEKKARINEN, 1970). 

A comparative study between the equivalent composite technique and the 
duplicate portion technique was done by PEKKARINEN (1967). The results of 
this study showed very small differences between the averages of total energy, 
proteins, fats and carbohydrates obtained by both methods. In another study 
the equivalent composite method was compared with the aliquot sampling 
technique (BUZINA et al., 1966). In that study the results of the equivalent com­
posite technique gave higher average values for total energy, proteins, fats and 
carbohydrates of which only the differences for energy and proteins reached 
statistical significance. The authors suggested as a possible explanation for 
these differences that the foods of the equivalent composite were not prepared 
for the table before chemical analysis, in contrast to the foods collected for the 
aliquot samples. Another explanation for this difference could be that the equi­
valent composite does not correspond qualitatively to the foods eaten, due to 
differences in the nutrient composition between the foods eaten and the foods 
of the equivalent composite (PEKKARINEN, 1970). 

It is not possible to draw unequivocal conclusions from the two afore­
mentioned comparative studies. Different results have been obtained in differ­
ent countries. In Finland the equivalent composite technique gave the same 
results as the duplicate portion technique, but in Yugoslavia higher average 
values were found for certain nutrients by the equivalent composite technique 
compared to the aliquot sampling technique. These discrepancies may be caused 
by different ways of food preparation in these countries. Definite conclusions 
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can only be drawn when more comparative studies are done. 
Equivalent composites of raw foods are homogenised before chemical ana­

lysis. It is assumed that homogenisation is easier after raw foods have been 
boiled. PEKKARINEN (1967) investigated whether or not boiling improves 
the results. This study showed that identical samples of raw and boiled foods 
gave very similar results for total proteins, total fats and different fatty acids. 
It cannot be concluded from this experiment that boiling improves the results. 

Compared to the aliquot sampling technique, additional sources of variation 
are introduced when the equivalent composite method is used. Firstly, unpre­
pared raw foods are chemically analysed instead of prepared foods. Secondly, 
it may be possible that the foods of the equivalent composite do not correspond, 
qualitatively to the foods eaten. A drawback from an organizational point of 
view is that the food samples can be collected only after computation of the 
average daily consumption of different foods and the average total consumption 
during the whole period (PEKKARINEN, 1970). However, this method also has 
advantages. The food samples are easy to collect and the equivalent composite 
technique is cheaper than the duplicate portion or aliquot sampling technique 
(PEKKARINEN, 1970). 

1.2.2. Food intake data calculated from food tables 

1.2.2.1. Food t ab l e s 
In dietary surveys food tables are very frequently used for the conversion of 

food intake to nutrient intake because chemical analysis of food samples is 
expensive, time-consuming and can only be done for a limited number of sub­
jects. However, the use of a food table instead of chemical analysis introduces 
an additional source of variation. Several authors have discussed the limitations 
of food tables (WIDDOWSON and MCCANCE, 1943; THOMAS et al., 1950; HUN-

SCHER and MACY, 1951; MAYER 1960; HARRIS, 1962; KEYS, 1965). 
MAYER (1960) pointed out the pitfalls in the calculation of available energy 

from proteins, fats and carbohydrates using fixed fuel values. Based on the 
digestibility studies described by ATWATER, average fuel values of 4, 9 and 4 
Kcalories per gram for proteins, fats and carbohydrates respectively are general-
used. Ideally, different ATWATER figures should be used for different foods, 
because the fuel values for proteins vary greatly from food to food. The range 
of variation is somewhat less for fats and carbohydrates. The ATWATER 

figures are based on the results of studies in adults. When dietary surveys are 
carried out in children it is uncertain if the calculated amount of nutrients is 
actually available to the children. This may be an additional source of variation 
in studies carried out in children (MAYER, 1960). 

The nutrient content of vegetable products is dependent on species, geo­
graphic origin, type of soil, mode of cultivation, amount of water available, 
ripeness, storage conditions, method of processing, marketing conditions and 
way of preparation (THOMAS et al., 1950; HUNSCHER and MACY, 1951; MAYER, 

1960; WHITING and LEVERTON, 1960; HARRIS, 1962). The nutrient content, 
o 
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especially the fatty acid composition of animal products, is dependent on the 
rations fed to the animal (KEYS, 1965). The fat content of meat is also an im­
portant source of error (MAYER, 1960; KEYS, 1965). According to the Nether­
lands Food Table, the fat content of beef and pork varies between 3-23 g 
and 9-35 g per 100 g respectively (NEDERLANDSE VOEDINGSMIDDELEN TABEL, 

1975). Also taking into account the different cooking practices for meat it can 
be seen that this source of error may be considerable. In contrast to the fat 
content of meat, the fat content of milk, cheese, lard and margarine, the other 
major sources of fat intake in the Western countries, is rather constant. 'Meat 
fat is by far the major source of error in the use of tables of food composition 
to estimate total fat intake' (KEYS, 1965). 

Another source of variation introduced by using food tables is the nutrient 
content of cooked composite dishes (LEITCH and AITKIN, 1950). Even when 
these dishes are based on standard recipes it may very well be possible that the 
nutrient content of the observed composite dishes differ from those presented 
in the food table. GRANT (1944) showed that the energy content of rice pudding, 
porridge and meat stew can differ by as much as 100% when different recipes 
are used. The nutrient variation in dishes such as fried eggs or soups, which are 
not prepared from a fixed recipe, may be even greater (STOCK and WHEELER, 

1972). However, this problem can be overcome by asking the individual under 
survey for the recipe of the dish and by calculating the nutrient content from 
the ingredients (GRANT, 1944; WHITING and LEVERTON, 1960). 

The accuracy of the data recorded in food tables is also dependent on factors 
associated with chemical analysis of foods. The samples of foods collected for 
chemical analysis should be as representative as possible. The most accurate 
and critical procedures should be used for the determination of different 
nutrients (THOMAS et al., 1950). When food tables are compiled, results of 
chemical analyses for different nutrients should be taken as much as possible 
from one laboratory, because analytical results from different laboratories may 
vary considerably (KEYS et al., 1966; KEYS and KIMURA, 1970). 

Taking all these possible sources of variation into account pessimists might 
easily conclude that food tables are valueless. On the other hand, there are also 
some optimists who tend to regard the figures in food tables as having an un­
questionable accuracy (WIDDOWSON and MCCANCE, 1943). However, even 
those who use carefully composed food tables should be aware that 'Food 
tables neither present data with an accuracy of an atomic weight determination 
nor are so unreliable as to be worthless' (HARRIS, 1962). 

1.2.2.2. R eco rd me t hod s 

1.2.2.2.1. Precise weighing method 
There is general agreement that the most accurate food intake data, cal­

culated from food tables, can be obtained by the precise weighing method 
(HUENEMANN and TURNER, 1942; WHITING and LEVERTON, 1960; ROINE and 

PEKKARINEN, 1968; PEKKARINEN, 1970; MARR, 1971). This method consists of 
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