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I.INTRODUCTION

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, MCMitLAN (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, 1o
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 discase.

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

1.1. SERUM LIiPOPROTEINS 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 (HastiMoTo 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., [976) arterial smooth muscle cells and
human vascular endothelium (STEIN and STEIN, 1976), have bcen shown to be
able to take up and degrade LDL which is in accordance with earlier studies
using tissue cultures (BonDIeRs and BIORKERUD, 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 LDLinvolves 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 (BrROwN and
GOLDSTEIN, 1976). y

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 intérnalized 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; CasteLL! 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

2 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, 1367 ; INTER-SOCIETY
ComMissioNn 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
imporiance 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 smbking,
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 becausc 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, i

From the food intake data, collected in this study, total energy and the
following nutrients were calculated:
vegetable, animal and total proteins;

- Cyz.16-saturated, tota) 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.

The validity of a method is assessed by comparing it with an independent
method of unquestionable accuracy. Validity is defined as ‘the true accuracy

i
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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.c. when it is reproducible)’ (Moorg, 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.

TaBrLe 1. The most commonly used dietary survey methods

Dietary survey methods characterized by

Chemical analyses Calculation of food intake data
of food samples from food tables
Record Interview Short-cut
Duplicate portion technique Precise weighing Recall Record
Aliguot sampling technique Weighed inventory  Dietary Recall
Equivalent composite technique Present intake history
recorded in

household measures
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1.2.1. Chemical analysis of food samples

1.2.1.1. Duplicate portion technique

The duplicate portion technique is considered to be the most accurate dictary
survey method among field conditions (THOMAS et al., [950; 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 (LEtTcH
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 ereatest 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 ArTxIN, 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 ¢an 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. YOounG
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;
Kevs and KiMURA, 1970; Cuan CHILY YULI et al., 1975). Although these
errors are presumably refatively 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. Aliquot sampling technique

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. Equivalent composite technique

The equivalent composite technigue 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;
FinDaNza 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; FipanzAa and Fipanza 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 PexkARINEN (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 afier 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 tables

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 (Wippowson and MCCANCE, 1943; THOMaS et al., 1950; Hun-
scHER and Macy, 1951; Maver 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,
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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 (MayYER, 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 AtTkiN, 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 1009, 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 McCancg, 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. Record methods

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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weighing all ingredients used in the preparation of the dishes as well as the
inedible wastage. The weight of the individual's cooked portion and his
table waste are also recorded (PEKXARINEN, 1964; MaRrr, 1971). Any food
eaten outside the home should be recorded in household measures (LEITCH and
AITKIN, 1950). Whenever possible, information about the recipes of com-
posite dishes eaten outside the home should also be obtained.

The main advantage of this method is that the weights of the foods eaten are
recorded as accurately as possible. When the investigator carries out the time-
consuming weighing procedures, very exact data can be obtained and the parti-
cipation rate in the survey may be increased. One of the major drawbacks of
the precise weighing method is its time-consuming procedure and its demand
of a high degree of co-operation from the surveyed individual. Therefore. in
studies using this method a random sample of a population might be difficult
to obtain (PEKKARINEN, 1970; MARR, 1971). The precise weighing method is
also expensive especially when the investigator carries out the weighing proce-
dures himself (PEKKARINEN, 1964). Weighing the foods during the meal disturbs
normal eating, especially when many foods are taken, This may lead to sim-
plification of the diet (PekkariNeN, 1970). This problem can be overcome
to a certain extent by using containers with weighed amounts of sugar, butter,
etc. It is also possible that the quality of the diet is changed because the subject
wants to impress the investigator by using more luxurious foods during the
period of the investigation (Keys, 1965). However, it is not known to what ex-
tent, if any, these factors alter the food intake (MARR, 1971).

Another source of variation may be introduced when different investigators
carry out a dietary survey. However, in studies done by CHURCH et al. (1954)
and Topp et al. (1972) significant differences between investigators could not be
observed. It has also been shown that nutritive values calculated by different
investigators did not differ {Young et al., 1952; BROWE et al., 1966).

1.2.2.2.2, Weighed inventory method

In this method the prepared food is only weighed immediately before con-
sumption and any plate waste is measured at the end of the meal (Magr, 1971).
The weighing of the foods can be done by the subjects themselves. This method
requires therefore a minor degree of supervision than the precise weighing
method. The degree of supervision needed is dependent on the accuracy
required to fulfil the objectives of the study. The weighed inventory method is
less time-consuming than the precise weighing method. This may favourably
influence the participation rate in the survey. The former method is also cheaper
because the weighing procedures are done by the subjects themselves and not
by the investigator, introducing an additional source of variation because
subjects not accustomed to this type of work may forget or make easy errors in
recording weights (Fipanza, 1974). These simplifications have the inevitable
drawback that the data collected by the weighed inventory method are very
probably less accurate than the data collected by the precise weighing tech-
nique.
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The reliability of the weighed inventory method was tested in a selected group
of 25 motivated middle-aged British bank clerks (MARR et al,, 1959). In these
men, two individual seven-day dietary surveys were carried out six months
after each other. The results of these two surveys were very similar with
respect to total energy, proteins, fats and carbohydrates. From this study it may
be concluded that in a selected group of motivated people reliable (repeatable)
results can be obtained by the weighed inventory method.

1.2.2.2.3, Present intake recorded in household measures

This method consists of a description of the foods eaten in household mea-
sures or of an estimation of the weight of foods with the aid of food models
(KiTCHIN et al., 1949 ; PERKARINEN, 1970; MARR, 1971). Direct supervision is
not required for this method, but careful instruction before the survey and a
detailed interview after the survey period is desirable in order to obtain accura-
te quantitative datd. This method costs less time than the weighing method so
it may be expected that the participation rate in this type of survey may be
higher. However, earlier studies are not unequivocal in this respect (MARR,
1971). A major disadvantage of this method compared to the weighing method
is the introduction of an additional source of variation namely the estimation
of the weight of foods in housechold measures. This inevitably decreases the
accuracy of the collected food intake data.

Comparative studies carried out in children have shown that the average
intake of total energy, proteins and fats calculated from estimated dicts ex-
ceeded the intakes from the weighed diets. The amount of carbohydrates cal-
culated from both methods did not differ. Scatter diagrams indicate that
the calculated nutrients from both types of records were highly correlated
(BRANSBY et al., 1948; EPPRIGHT et al., 1952). From these studies it may be
concluded that diets recorded in household measures give comparable but
somewhat higher results than weighed diets. All problems associated with
diets recorded in household measures have been summarized by LertcH and
AITKIN (1950} in the following way: ‘A survey of a type intermediate between
weighing and questioning in which diets are recorded in household measures
by intelligent subjects and translated into weights during cross-examination
by painstaking investigators, can provide a week’s record in accordance with
conventional requirements’.

1.2.2.2.4. How many days and which days? :

Several studies carried out in children and adults have shown that the
average values for different nutrients of three or five-day dietary surveys are
in close agreement with the average values of seven-day surveys (EPPRIGHT et
al,, 1952; YOUNG et al., 1952; YounG and TRULSON, 1960; Heany, 1961;
Fipanza and FIDANZA ALBERTI, 1967; PEKKARINEN, 1970). It has also been
shown that for characterizing a group by its mean intake only a one-day record
is needed {(ANDERSON and SANDsTEAD, 1947; EADs and MEREDITH, 1948 ; PoT-
GIETER and FELLINGHAM, 1967; PasscHIER and VAN DE REep, 1977). When the
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inter-individual variation is large, a more precise estimate of the mean intake
of a group can be obtained by taking a larger number of subjects rather than
more days (CHALMERS et al., 1952; CHRISTAKIS, 1972).

It is often stated that dietary surveys should not be undertaken during
weekends, because food habits during the weekend differ from food habits
during the week. However, in some studies carried out in children and adulis
a ‘day effect’ could not be established (CHaLMERS et al., 1952; POTGIETER
and FELLINGHAM, 1967). EPPRIGHT et al. (1952) showed that a group of Jowa
children consumed less milk and more meat during the weekend compared to
the schooldays. Failure to include the weekend in this sample would result inan
overestimation of the calculated calcium and an underestimation of the cal-
culated protein intake of the children in this community. In The Netherlands
two studies, one in schoolchildren aged 4-6 years and another in young
adults, have been published in which a ‘day-effect’ could be clearly demonstrat-
ed. Subjects participating in these studies showed on average about 10%; higher
energy intakes during the weekend compared to weekdays (HEZEMANS et al.,
1977a; Passculer and Van pe Reep, 1977). The higher energy intake in the
children during the weekend was entirely derived from a higher fat and carbo-
hydrate intake (HEZEMANS et al., 1977a). In the young adults the higher energy
intake during the weekend was mainly caused by a higher fat intake, but
the protein and carbohydrate intake were also increased, although to a lesser
extent (PasscHIER and VAN DE REep, 1977).

From the results of the reviewed studies it cannot be concluded that a‘day-
effect’ is not present. Therefore it seems desirable to carry out a pilot study in
a sub-sample of the group to be surveyed immediately before starting the
extensive study in order to select the most suitable day of the week.

1.2.2.2.5. Dietary information of children

Before dietary surveys are carried out in children the following questions
related to this age group have to be answered. Should the dietary records be
kept by the mother or by the child? When school lunches are served, in what
way can accurate information about these lunches be obtained?

Whether the records are kept by the mother or by the child depends on the
age of the child. Record keeping is a difficult task for children below Grade 4
(EADS and MEREDITH, 1948). According to SIOLIN (1969} accurate records may
be obtained in children older than 15 years of age. When the record is kept by
the mother it is essential that she asks her child about the snacks consumed
between meals in order to increase the accuracy, When the record is kept
by the child, it is also necessary to interview the mother in order to get in-
formation about the preparation and cooking practices. A comparative
study reported by EPPRIGHT et al. (1952) did not show significant differences
between records of the same day’s diet kept by the mother and by the child.
When the child participates in a school lunch programme, accurate infor-
mation about this lunch may be obtained by asking for the recipes used and by
measuring and weighing standard portions of the foods eaten.
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1.2.2.2.6. Comparisons with chemical methods

Comparisons between food intake data obrained by calculation and by chemical
analysis. In order to get an impression about the accuracy of the food intake
data gbtained by record methods, the results of studies comparing food intake
data calculated from food tables and those determined by chemical analysis
will be reviewed. In several studies the description of the method used was not
unambiguous. Consequently it is not possible to discuss separately the results
of studies comparing the precise weighing or the weighed inventory method
with the duplicate portion or the aliquot sampling technique. Therefore com-
parative studies concerning these methods are discussed together, Subsequent-
ly, the results of studies comparing the weighing method with the equivalent
composite technique are reviewed. Finally, the results of a study comparing
food intake data recorded in houschold measures with data obtained by the
duplicate portion technique are discussed.

Comparison of food intake data collected by weighing methods and calculated
Jrom food tables with data obtained by duplicate portion or aliquot sampling
technique. Theresults of a considerable number of comparative studies carried
out in both children and adults before 1960 have been summarized by TRULsSON
(1960) and by WHITING and LEVERTON (1960). The results of these studies
tended to an overestimation of total energy and carbohydrates and an under-
estimation of proteins, when these data were calculated from food tables
compared to data obtained by chemical analysis (Bransey et al., 1948; Hun-
scHER and MACY, 1951 ; TRuLsON, 1960; WHITING and LEVERTON, 1960). These
studies also showed a substantial overestimation of the amount of fat calculated
from food tables compared to the chemically determined amount of fat
(TRULSON, 1960; WHITING and LEVERTON, 1960). Comparative studies carried
out in the second part of the sixties confirmed these trends with respect to total
energy and fats (GROOVER ¢t al,, 1967 ; Stock and WHEELER, 1972). STtocK and
WHEELERs investigation, however, showed an overestimation of proteins cal-
culated from food tables, in contrast to the studies summarized by TRULSON
and by WHITING and LEVERTON.

In the sixties several comparative dietary surveys were carried out in the
Seven Countries Study (Keys, 1965). The major purpose of these surveys was
to characterize the diets of middle-aged men in terms of nutrients that may be
relevant to atherogenesis and its complications (Keys, 1968). In order to fulfil
this objective special attention was paid to the development of foed tables in
countries participating in this study, by incorporating in these food tables
accurate analytical data concerning relevant nutrients. Therefore the results of
comparative dietary surveys carried out in the Seven Countries Study may be
considered to be as accurate as possible within the limits of this kind of investi-
gation.

These dietary surveys tended towards an underestimation of total energy
and carbohydrates and an overestimation of proteins calculated from food
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tables compared to those data obtained by chemical analysis. No difference
could be observed between the amount of fat calculated from food tables and
that determined by chemical analysis (DN HARTOG et al., 1965; Buzina et al.,
1966: Keys et al., 1966: KEys and KiMura, 1970),

It is very difficult to summarize all the comparative studies reviewed. With
respect to total energy all comparative studies, except those carried out in the
Seven Countries Study, showed an overestimation of total energy calculated
from food tables. The less recent studies (TruLson, 1960; WHITING and
Leverton, 1960} showed an underestimation and the more recent studies
(BUZINA et al., 1966; KEYS et al., 1966; Keys and Kimura, 1970; Stock and
WaELLER, 1972) an overestimation of proteins calculated from food tables.
With respect to fats, no difference could be obscrved between data calculated
from food tables or chemically determined data in studies carried out in the
Seven Countries Study. All other studies showed a considerable overesti-
mation of fat calculated from food tables (TRULSON, 1960; WHiTING and
LEVERTON, 1960; GROOVER et al., 1967; STOCK and WHEELER, 1972). Very little
is available concerning carbohydrates. Less recent studies, in contrast to
more recent studies, showed an overestimation of carbohydrates by calcu-
lation from food tables (Bransay et al., [948; HUNSCHER and Macy, 1951 ; DeN
HARTOG et al., 1965; Buzina et al.,, 1966).

Generally, it may be concluded that total energy and fats are overestimated
by calculation from food tables. Most of these differences may be attributed
to the figures used for the fat content of meat (TRULSON, 1960; WHITING and
LEVERTON, 1960). As already stated, the fat content of raw meats differs con-
siderably. Differences in the fat content of cooked meats can be even greater,
depending on the cooking methods used (KEYs. 1965). The overestimation of
the fat intake may be caused by using food tables providing information about
the fat content of raw meats only. The difference between analysis and cal-
culation of meat fat may be reduced by introducing in the food tables the
nutritive values of cooked meats (TRULSON. 1960). Other possible explanations
for these differences. like incomplete ether extraction from Iyophilized material
in the chemical analysis, the problem of obtaining true aliquots from the com-
posites before Iyophilization and the loss of fat on the walls of the containers,
have been put forward by Keys et al. (1966).

Comparison of food intake data collected by weighing methods and calculated
Jfrom food tables with duta obtained by the equivalent composite technique. 1In
the Seven Countries Study, several of such comparative studies were carried out
(ROINE et al, 1964: Buzina et al, 1966, Fibaxza and Fipanza ALBERTI,
1967 ; PEKKARINEN, 1967). All these studies showed that the intake of proteins,
fats and carbohydrates and consequently also of total energy was underestimat-
ed by the weighing method compared to the equivalent composite technique.
These differences may be caused by the fact that the results obtained by the
equivalent composite technique are based on chemical analysis of uncooked
foods. In studies published by PEKKARINEN (1967) a comparison was also made
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between both methods with regard to the fatty acid composition of the diet. In
these studies. the intake of saturated fatty acids was very slightly under-
estimated, the intake of mono-unsaturated fatty acids did not differ and the
intake of poly-unsaturated fatty acids was significantly overestimated by the
weighing method compared to the equivalent composite technique. The under-
estimation of the poly-unsaturated fatty acid intake by chemical analysis of
equivalent composites may be caused by the very small amount of poly-un-
saturated fatty acids present in the Finnish diet. From the results of these
studies PEKKARINEN drew the conclusion that: ‘Calculations can give a fairly
reliable picture of the faity acid composition of the diet. provided that the
calculations are based on the analysed fatty acid values of such local foods
which constitute the major sources of fats’.

Comparison between food intake data recorded in household measures and
calculated from food tahles with data obtained by the duplicate portion techuique.
To our knowledge only one study has been reported in which these methods
were compared (Branspy et al., 1948). This was carried out in schoolchildren
and did not show any difference between the protein intake determined by either
method. However, the carbohydrate and especially the fat content of the diet.
and consequently also the total energy intake, were considerably overestimated
when food intake data were recorded in household measures. This study also
showed that the standard deviations for all nutrients except for proteins are
greater when dietary intake data are recorded in houschold measures, indicating
that these data are less accurate than the data obtained by the duplicate portion
technique. Based on these results BrRanspy et al. (1948) concluded that: *No
survey method which gives substantial errors in the estimated weight of in-
dividuat foods and of which the apparent accuracy depends on those errors
cancelling each other out, can be considered satisfactory, even if the error in the
final results is small’.

It is not justified 10 draw general conclusions from one comparative study.
The only preliminary conclusion may be that when very accurate dietary intake
data are needed in order to fulfil the purpose of a study. recording food intake
data in household measures may not be the most suitable method.

Accuracy of the results concerning animal and vegetable proteins. fatty acids,
oligo-saccharides and pofysaccharides, dietary cholesterol and dietary fibre
calculated from food tables.  Studies in which the intake of animal and vegeta-
ble proteins, oligo- and polysaccharides and dietary fibre calculated from food
tables is compared with intake data obtained by chemical analysis, have not
been published. With respect to fatty acid and dietary cholesterol intake, a few
comparative studies have been reported.

In one study, carried out in 10 men and 11 women. the calculated nutrient
content of a menu was compared to the chemical analysis of that menu
{(MaRsHALL et al., 1975). The calculated saturated fatty acid, oleic acid, linoleic
acid and dietary cholesterot content was overestimated compared to the data
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obtained by chemical analysis. In the already mentioned studies done by
PEKKARINEN (1967) similar results were found regarding poly-unsaturated
fatty acids, but the calculated saturated and mono-unsaturated fatty acid intake
did not differ significantly from the data obtained by chemical analysis.

In a sample of 20 Swedish men and women dietary cholesterol intake was
determined by the duplicate portion technique (BORGSTROM et al., 1975). The
cholesterol intake of these subjects was surprisingly low compared to the values
reported by other investigators. The authors suggested as a possible expla-
nation for this discrepancy that the food habits of their subjects at the time of
sampling in 1969 may have been different from those of other populations
studied. Alternatively, the cholesterol content of the foods eaten may be
different from that given in currently used food tables. This point could be
substantiated by the fact that according to the daily dietary records kept by the
subjects some occasionally eat several eggs a day. The cholesterol intake deter-
mined by chemical analysis was higher during such days but not as high as
expected from the egg cholesterol content given in food tables.

General conclusions cannot been drawn from the few data available. The
only justified conclusion may be that more comparative studies with respect to
these nutrients are needed, in order to gain more insight into the accuracy of
the results for these nutrients calculated from food tables.

1.2.2.3. Interview methods

1.2.2.3.1. Recall method

The recall method as introduced by WIEHL in 1942 consists of recalling the
actual food intake of the past two days prior to the interview (LErTcH and Arr-
KIN, 1950). In this way an attempt to obtain a complete description of all foods
eaten during each meal and between meals is made. Quantities are estimated in
household measures. Different recall periods were used depending on the objec-
tives of the study. Generally, a 24-hour period is taken but the recall period was
sometimes extended to several days or even to a week (ADELSON, 1960; Pex-
KARINEN, 1970).

The recall method has several advantages. Generally, an interview takes
only about 30 minutes. It is also a relatively cheap method, because it does not
require large numbers of trained personnel. Another advantage is that it is less
inconvenient to the respondent. Finally, the normal diet of the respondent is
not changed by the interview (YOUNG et al., 1952; PEKKARINEN, 1970; LINUSSON
et al., 1974). The recall method is therefore very suited to epidemiological
studies because food intake data can be obtained from a large and representative
sample.

However, the recall method also had several drawbacks. One of the most
important disadvantages is the suppression or distortion of memory. People
tend to suppress from memory those aspects which do not fit their own general
image of the situation. People are likely to remember and report what is
socially acceptable in contrast to what is not socially acceptable (FipaNza,
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1974). They also tend to report themselves as being more constant than they
actually are, The recollection of food consumption is also distorted by food
preferences. People are likely to state that they eat their favorite foods more
often and in larger quantities than is really the case (KEys, 1965). .Finally, there
is a tendency to overestimate small quantities and to underestimate large
quantities (MEREDITH et al., 1951 ; LINUSSON et al., 1974; MADDEN ct al., 1976).

One investigation has been published in which the influence of memory aids
was tested (BRANSBY et al., 1948). This study investigated whether results im-
proved when 12 year-old schoolboys used memory aids during the interview.
No differences could be observed in the average intake of total energy, proteins,
fats and carbohydrates between the groups of boys interviewed with or without
memory aids,

It has Irequently been stated that in order to obtain accurate information by
the interview method the personal characteristics of the investipator are of
paramount importance (DEN HARTOG et al., 1965; BEaL, 1969 ; PEKKARINEN,
1970). He or she is required to be the very monument of skill and tact in
handling people (LEITCH and AITKIN, 1950). It is out of question that weli-
trained and dedicated investigators should be selected for this kind of research.
However, the qualities required in the investigator should not be overstated.
LEITCH and A1TiiN (1950) summarized: ‘Given the necessary opportunity for
practice and such enthusiasm for the purpose as will outlast the training, there
can be no quality more important for investigators than integrity and a great
capacity for taking pains’,

Another source of variation is introduced by the estimation of quantities
in household measures. In a study carried out in 20 pregnant women the total
energy calculated from food intake data collected by recall and recorded in
household measures was highly underestimated compared to total energy
calculated from the precise weighing method (THomson, 1958). This difference
may be due to defects of memory or lack of precision in the use of houschold
measures. In order to eliminate the latter source of error quantities derived
from the weighed record were substituted and the energy intake was still 5%,
underestimated. Thomson concluded from these findings that: ‘The memory,
being fallible, does not yield an accurate record of previous food habits and
that even aids to memory, such as demonstration food servings and houschold
measures, do not permit a reliable estimation of food quantities’. From the
results in this study the conclusion may be drawn that the accuracy of the food
intake data is negatively influenced when the quantities are estimated in house-
hold measures. The accuracy of food intake data obtained by interview may
improve when the contents of spoons, cups etc. are measured and the weights
of slices of bread, butter or margarine, sugar etc. are determined (GUGGEN-
HEIM ¢t al., 1964).

1.2.2.3.2. Dietery history method
The dietary history, originally developed by BURKE (1947), provides infor-
mation about the average nutrient intake of an individual during a consider-
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comparing the 24-hour recall with the dietary history showed higher intakes
for total energy, proteins, fats and carbohydrates in students and civil service
employees (YOUNG et al., 1952; BALOGH et al., 1971). In pregnant women
higher intakes for total energy and proteins were obtained by dietary history
(YouNG et al., 1952). Similar results were also found for children (YounG et al.,
1952 ; TRULSON, 1954),

Several studies, in which the 24-hour recall was compared to the seven-day
record, did not show significant differences in total energy, proteins, fats and
carbohydrates between either method in adults (YOUNG et al., 1952 ; ADELSON,
1960; PEKKARINEN et al., 1967). In two comparative studies from the United
Kingdom, 6% and 17%, lower values for total energy were obtained by the
24-hour recall compared to the seven-day record (MoRRISON et al., 1949;
THOMSON, 1958). Two studies in children did not show significant differences
iniotal energy, proteins, fats and carbohydrates between these methods {(YOUNG
etal., 1952; HEZEMANS et al., 1977a). Studies reported by BRaNsBY et al. (1948)
and TRULSON (1954) tended towards slightly lower values for these nutrients
by 24-hour recall. In another comparative study carried out by BRanssyY et al.
{1948) higher intakes for total energy, proteins, fats and carbohydrates were
found by 24-hour recall. These differences reached statistical significance for
total energy, proteins and carbohydrates.

The child’s ability to recall its diet has also been studied by comparing
school lunches actually eaten with the child’s recall of its school lunches. In the
already mentioned study of EmMons and HAYEs (1973) it was shown that the
number of foods remembered by children aged 6-12 years increased with age.
In an investigation carried out by MEREDITH et al. (1951) a tendency towards
greater underestimation of foods was observed when the number of foods
increased. However, the differences in total energy, proteins, fats and carbo-
hydrates between the school lunches actually eaten and the child’s recalls were
surprisingly small,

In comparative studies concerning the dietary history and the seven day
record methods, significantly higher values for total energy, proteins, fats and
carbohydrates were found by dietary history in men (YOUNG et al., 1952; DEN
HARTOG ¢t al., 1965). Similar results were reported for pregnant (Young et al.,
1952) and for obese women (BEaUnoIN and MAYER, 1953; VAN DEN BERG and
MAvYER, 1954). However, in BEAUDOIN and MAYER’s investigation no significant
differences between either method could be established for non-obese women.
In comparative studies carried out in children higher values were also found by
dietary history (HUENEMANN and TURNER, 1942 YOUNG et al., 1952; TRULSON,
1954: TALMA et al., 1964). In one study in children no difference could be ob-
served between either method (LUBBE, 1968).

From these comparative studies the following general conclusions may be
drawn. In both adults and children the 24-hour recall gives similar or slightly
lower results than the seven day record. The food intake data obtained by
dietary history were generally significantly higher compared to those obtained
by the seven day record. From these results it may be deduced that higher results
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should be obtained by the dietary history than by the 24-hour recall. This
conclusion was substantiated by the results of comparative studies carried
out in children, but could not be corroborated by the results of studies carried
out in adults. A possible explanation for the overestimation of the food intake
by the dietary history may be that the amounts of small or infrequently used
foods are overestimated.

Comparative studies with respect to interview methods and duplicate portion
technigue. In the literature only one study has been published in which the
24-hour recall was compared to the duplicate portion technique (BRANSBY et al.,
1948). Children aged 10-15 years participated in this study. Duplicate portions
of all foods eaten during three days were collected for chemical analysis. Each
evening the children were asked to describe the {oods they had eaten during
the previous 24 hours. The results of this study showed that total energy, fats
and carbohydrates in contrast to proteins were overestimated by the 24-hour
recall method.

In another study the children’s ability to recall their consumption of the
school lunch was examined (SAMUELSON, 1970). This study was carried out in
children aged 8 and 13 years respectively. All children overestimated their fat
intake on recall. This difference in fat intake could not be ascribed to the fact
that food tables give too high values for fat, since the results calculated from the
tables for duplicate portions were in good agreement with the results of chemical
analysis of the same portions. Concerning proteins and carbohydrates the
results were different for the children aged 8 and 13 years. In the 8 year-old
children there was no difference in protein intake between cither method. On
the other hand these children overestimated their carbohydrate intake. The
13 year-old children underestimated both their protein and carbohydrate
intake. Owing to these differences there was also a difference in energy intake
between both methods in the two age groups. The younger children significant-
ly overestimated the energy intake from the school lunch on recall. In the older
children significant differences in energy intake could not be observed.

From these studies it may be concluded that children overestimate their fat
intake on recall compared to the duplicate portion technique. The results with
respect to proteins and carbohydrates are not unequivocal. There seems to be a
tendency to underestimate the protein intake and to overestimate the carbo-
hydrate intake. On account of these differences in nutrient intake the energy
intake tends to be overestimated on recall.

Only one study is known in which the dietary history is compared to the
aliguot sampling technique (DEN HARTOG et al., 1965).In this study, carried out
in middle-aged men, total energy, proteins and fats were overestimated by
dietary history. No difference between either method could be established with
respect to carbohydrates. From these results it may be concluded that food
intake tends to be overestimated by the dietary history compared to that ob-
tained by the aliquot sampling technique.
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1.2.3. Short-cut methods

It has frequently been stated that short dietary survey methods are needed
for epidemiological studies, because the traditionally used methods are time-
consuming and can therefore be applied to a small number ot subjects only
(WienL and ReeD, 1960; HEADY, 1961 ; STEFANIK and TRULSON, 1962; ABRAM-
SON et al., 1963; YounG, 1965; BROWE et al., 1966; HANKIN and HUENE-
MANN, 1967; BaLoGH et al., 1968; EpSTEIN et al., 1970; Marr, 1971). The
short-cut methods are characterized by the coilection of information about
the frequency with which certain foods are eaten during a given period.
The frequencies are sometimes multiplied by the weight of these foods, esti-
mated during the surveys or by average portion sizes obtained from earlier
studies in order to calculate the so-called ‘food-scores’. From these food-
scores, ‘nutrient-scores’ can be calculated by formulae derived from muliiple
regression analysis of foods making important contributions to the nutrients
being ‘scored’ (Marr, 1971). Qualitative classifications of frequencies, food-
scores and nutrient-scores in e.g. low, medium and high intakes of certain
foods or nutrients can be used for testing hypotheses on the association between
dietary factors and biological parameters.

The short-cut methods commonly used were reviewed by HANKIN and
HUENEMANN (1967) and by MARR (1971). In this review the attention will be
focussed on studies examining the accuracy of short methods. In the literature
only those studies have been published in which the short methods were com-
pared to the seven day record and dietary history. Investigations comparing
the short methods with the duplicate portion technique have not been reported.

The short methods, like the more elaborate dietary survey methods, can
also be divided into record and recall methods. Some studies have been
published, in which the validity of short dietary questionnaires was evaluated.
1n the investigations carried out with British bank clerks, aged 40- 55 years, the
validity of food and nutrient-scores was tested by comparing intakes predicted
from these scores with the measured intakes (HEADY, 1961 ; MaRR et al., 1961).
The criterion, used in these studies, was that the men with scores in the top
third of the distribution would have higher measured intakes than the men
with scores in the lowest third of the distribution. The food-scores correlated
very well with the measured intakes. This was not always the case for nutrient-
scores. Although all the men with highest and lowest scores for vegetable and
marine fat and all but one for animal fat were correctly classified, this criterion
does not seem to be very specific. With respect to animal fat the men with the
lowest scores had measured intakes between 55 and 90 g and the men with the
highest scores ranged from 85 to 140 g, so a clear distinction between these
extreme groups did not result.

A questionnaire wasdeveloped for the Albany Cardio-vascular Health Centre
Study for the entire male population under investigation in order to assess the
relationship of diet to the development of future disease (Browe et al., 1966).
The men participating in this study were encouraged to get help from their
wives regarding methods of food preparation as well as the kinds and brands
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