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Een deel wan het in dit proefschrift beschreven onderzoek werd mede

mogelijk gemaakt door steun van het Praeventiefonds.

Het verschijnen van dit proefschrift werd mede mogelijk gemaakt door

steun van de Nederlandse Hartstichting.
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De uitepraak van Dr. J.5. Garrow: "Food intake measurements arve for
Saints and for Focle" is corvect, warmeer vosdselconsumpticondsrzoek
utteluitend toegepast zou worden bij obesen; im zijn algemeenheid is
deze uttspraak wniet correct.

Third C.R.C. International Symposium. Harrow Middlesex,
September 1984,

Big indeling van individuen uit eenzelfde onderszoekspopulatie - uitsluitend
op basis van voedselconsumptiegegevens — in categorieln van lage en hoge
energiecpneming 1s vermindering van het aantal misclassificaties in de
extreme categoriedn slechts tot op rekere hoogte te bereiken door het

aantal waarnemingen per perscon te vergroten.

In wetenschappelijke publicaties zijfn veelal de methoden van onderzoek
afgedrukt in kleine letters, Dit weerspiegelt niet de betekenis van de
methoden voor de uiteindelijke resultaten en onzorgvuldig lezen leidt -

evenale bij versekeringspolicsen - veelal tot onjuiete interpretaties.

. Het berekenen van de samenstelling van een doorsnee Nederlands dagrantsoen

op een "home computer™ geeft onjuiste resultaten, omdat van een te klein

voedingsmiddelenbestand moet worden uitgegaan.

Het bezuinigen op het voedselverstrekkingspakket in instellingen in
Nederland, gedurende de huidige economische crisis levert financieel
weintg op en 18 nadelig voor de gesondheid van de bewoners van deze

tnetellingen.

Eén van de meest decadente verschignselen in onze welvaartsmaatechappid

8 het overvoeren vawn troeteldieren met bilo-industrieprodukten,

Het feit dat diecetadviezen door geregistreerde didtisten nog steeds wiet
opgenomen sijn in het siekenfondspakket, geeft aan hwe weinig belang de
Minister van Welzijn, Volkegezondheid en Cultuur hecht aan de betekenis

van voeding bij het gemeaingsproces.




do D Nedevlandse wet, die v v en de groads ondevoijsbevoegdheid regelz,
kent wniet de vakken wvoedinyelver en dieetleer. Dacrdoor BLLJIT een
vakbekwaam onderwidzen i zenc vakken aun Leerlingen von het Lager en

middelbaar beroepsonderwife ornatic in gebreke.
2o De wijze wvan informatie vevetrekken docr het Ministerie van Onderiijs
2r Wetenschappen 15 geen poed visitekaartje voor het Nederlandse

ovderuiis.

200 Het valt buiten de doelstellingen van de Landbouwhogeschool een krant
te onderhouden, die gen groct aantal van haar kolommen wiidt cow roddels

an eenaifdige voorlichting,

‘1. Het Furopess jacy uocr dg musiek te wijdew aan Bach, lindel en Scarlatti
tg vergelijkbaar met melipropagande in een zuivelland,

Het fe geen van betde innoverend.

Proefschrift Wija A, van Staveren
Food intake measurements: their validity and reproducibility,

Wageningen, % september 1985,
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VOORWOORD

Mijn vader hechtte een grote betekenis aan de voeding van elke dag
voor de gezondheid van zijn patiénten en voor die van ons, zijn kinderen,
Destijds was hij daarin waarschijnlijk &&n van de zeer weinige huis-
artsen in Nederland. In huiselijke kring bleef, mede door de grote kennis
en kunde van mijn moeder, de betekenis niet heperkt tot gezondheidskundige
aspecten., De gastronomische vreugden en de gezelligheid tijdens de maal-
tijden gaven een belangrijke extra waarde aan het onderwerp voeding. Mede
hierdoor werden de fundamenten gelegd voor mijn belangstelling voor
voeding, die in het begin vooral op de praktijk gericht was. Gedurende de
tien jaar, die ik op het Centraal Instituut wvoor Voedingsonderzoek T,N.O.
onder de inspirerende leiding van Professor Dr. J.F, de Wijn heb gewerkt,
raakte ik echter steeds meer in de ban van het voedingsonderzoek. In dit
voedingsonderzoek neemt "het voedselconsumptieonderzoek, onderwerp van

dit proefschrift, een centrale plaats in.

Ik wil mijn promotor Professor Dr, J.G.A.J. Hautvast bijzonder hartelijk
danken voor de prote stimulans en zijn deskundige begeleiding bij de tot
stand koming van dit werk. Aan het onderzoek is door heel veel medewerkers
van de Vakgroep Humane Voeding van de Landbouwhogeschool een bijdrage
geleverd en ik dank iedereen zeer hartelijk wvoor deze bijdrage en de
bijzonder prettige samenwerking,

Jan Burema bedank ik voor zijn adviezen veoor de verwerking van de gegevens,
de grondigheid en het geduld waarmee hij de analyses heeft uitgewerkt en
toegelicht, Voor de hulp bij het verwerken van de gegevens wil ik tevens

bedanken Hannie van Qosten-van der Goes, Ben Scholte en Gebca Velema,



1. INTRODUCTION

The concept of food consumption to be measured varies with the
objectives of the survey. The objectives may be a food consumption
survey as the basis of national food planning and administration or
a survey with the main emphasis on the relation between nutrition,
health and disease. Such a distinction is necessary because each
objective demands a different type of informatiom.
For the planning of food supply one needs to know the demand for and
prices of foods so data are required on the amounts of foods bought
from different distribution channels by various categories of users at
different times., The results of such a2 survey should be expressed in
terms of amounts of foods purchased. For economic analysis, there is less
interest in what happens with the food after it has been bought. If the
study serves to compare the nutritional value of the diet with the
requirements or to assess the exposure to environmental chemicals through
food, the amounts of foods eaten are important. To assess the nutritional
value of the diet in relation to nutritional status, results are commenly
expressed in terms of amounts of nutrients consumed,
For each objective, there are various types of survey methods. In general,
the objective can be approached at different levels, viz.
- national accounts of annual food availability per head of the population;
~ family budget and household consumption surveys;

- individual food consumption studies.

This thesis concentrates on methods designed to assess the diet of
Dutch adults as a factor which might affect health and disease. For this

purpose, dietary methods distinguishing individual food consumption



patterns are needed,

Individual food consumption data have been collected by recording present
intakes and recalling current and past intakes. Food consumption data
may be converted into nutrients by either direct amalysis or with the
help of food consumption tables. In additiom, the level of some nutrient
intake data can be measured directly by biochemical indicators of the

nutritional status.

Qutline of the thesis

This thesis contains seven articles either published, in press, or
submitted, In Chapter 2 the definitions of wvalidity and reproducibility
are given and the state of the art on methods assessing food consumption
is described. Chapters 3 through 8 report on six studies on the validity
and/or reproducibility of current methods assessing the individual food
consumption and nutrient intake of adults in the Netherlands.

Chapter 3 deals with a seven~day record method assessing the energy
and dietary fiber consumption in 100 adults, In this study the emphasis
was put on the ratio of the between-person and within-person wvariation
in the intake of these dietary components. This information is necessary
in study designs to define sample size and number of records per person
required for a given precision of the estimate.

Chapter 4 reports on the validity and reproducibility of a dietary
history method estimating the usual food intake during one month in 44
adults, The validity was examined by comparing the protein intake as
assessed both with the dietary history methed and by 24-hour nitrogen
excretion, The reproducibility was determined in & test-retest design

with a one-month interval between the two tests.



Chapter 5 describes a study {(carried out in §i983) on the relative
validity of a retrospective dietary history method estimating the food
consumption of 91 adults seven years ago,in 1976, The relative validity
was assessed against the current dietary history data obtained in this
group in 1976 and the current dietary history taken in 1983, the same year
as the retrospective history. A method assessing food consumption
retrospectively may be of use in case-contreol studies on the relation of
diet and cancer.

-Seasonal variation in food consumption may affect the validity as
well as the reproducibility of food intake estimates., In Chapter 6 the
effect of the season on food consumption, pattern cof physical activity
and body weight is described. Food intake and pattern of physical activity
were assessed in 114 young adult women with a 19 times repeated Z4-hour
recall method during 24 years (August 1981 through December 1983).

In Chapter 7 the validity of the repeated 24~hour recall used in
the previous study is set forth. To examine the validity of the repeated
24-hour recall method, energy intake and pattern of physical activity
on the one hand were compared with fluctuations in body weight om the
other hand. The validity was further checked by comparing the mean daily
protein intake as assessed with 14 repeated 24-hour recalls with the
mean protein intake as assessed with the nitrogen excretion in 14
collections of 24-hour urine,

As another example of assessing nutrient intake by a biochemical
parameter, the fatty acid composition of adipose tissue was examined as
an indicator of the fatty acid composition of the diet in individuals.
Fifty-nine adult women who also participated in the study described in

the Chapters 6 and 7 were involved. Their 19 times repeated 24-hour



food recalls were considered valid and Chapter 8 reports on this study.
Chapter 9 discusses the importance of the results of these studies

for furture research on the relation between diet and health.



2. FOOD CONSUMPTION SURVEYS: FRUSTRATIONS AND EXPECTATIONS*.
Wija A. van Staveren and Jan Burema

Agricultural University, Department of Human Nutrition, Wageningen,

The Netherlands.

RESTUME

In this paper the possibilities of quality contrel of the various methods of
assessing food consumption and the main components of these methods are
discussed. Frustrations experienced in the past are summarized and expectations

created by new approaches are mentioned.
INTRODUCTION

In studying the relation between diet an& disease the first step is very
often to compare geographical data on the incidence of the disease with the
availability of energy and nutrients per capita derived from the national food
balance sheets. Figure 1 compares the Intake of fat with the incidence of breast

cancer in several countries (l1}.

* Paper presented at the 4th Nordic Symposium on dietary research.
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Fig. 1. Comparison of the incidence of breast cancer ln several countries with
the intake of fat. Figure adapted fram Carroll, 1975 (1).

The results of such comparisons should be Interpreted very cautliously.
Differences between countries in collecting data on food availability per capita
make comparisons between countries in fact unwarranted. Furthermore it is a long
way - with many possible variations — from national food availability to the
fate of the nutrient in the body as is shown in Figure 2 (2).

Rather than data on national food availability, results from national
household food consumption surveys should be used in developing a hypothesis for
a nutritional factor in the etiology of some chronic diseases. To test the

hypothesis, however, individual food consumption surveys are required.
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Fig. 2. Basic concepts of food supply, consumption and utilization. Figure
adapted from Klaver et al., 1982 (2).

METHODS OF ASSESSING INDIVIDUAL FOCQD CONSUMPTION
Table 1 shows the methods used most frequently. The greater part of these

methods were already applied 50-60 years ago and have been used since then with

minor adjustments for different purposes and target populations.



Table 1. Dietary survey methods, usually applied.

Dietary survey methods characterised by

Conversion into nutrient Food frequency
Chemical analysis Calculation from
of food samples food tables
Record Interview Record Interview
Duplicate portion, Precise weighing, Recall, Open ended, Open,
Aliquot sampling, Weighed inventory, Dietary  Structured. Structured.
Equivalent composite.Record in history.

household measures.

What do we know about the quality of these methods?

In the last decade several review articles have been published on the
possibilities and limitations of methods of assessing food consumption (3, 4, 5,
7, 8). It is evident that the quality of these methods is doubted, partly due to
the discrepancy between what the investigator wants to estimate and what the
technique actually estimates, and partly because of the estimation or
obgervation per se.

Inherent to the observation (technique and respondent) the following sources
of error and variation are to be distinguished:

— Information bias, due to the discrepancy between what the investigator wants
to estimate and what the technique actually estimates.

- Systematic and random response error; due to the instruction and wording of
the questionnaire, ability of the respondent, skill of the interviewer, the
interaction between respondent and interviewer and the research setting.

- Biolagical within-person variation, due to the true variation in the datly
(current) food intake of a person, which depends on the food pattern.

- Between-person variation, due to the variation among people im thelr usual

{habitual) food intake, which 1s connected with the homogeneity of the study



population as regards their food pattern.
A problem in the evaluation of methods assessing food consumption 1s to
distinguish between sources of error due to incorrect measurement and true

biological variation.

VALIDITY

The quality of a measurement is determined by 1ts validity and reliability or
reproducibility.

The validity of a method, that 1s the demonstration that a method measures what
1t 1is intended to measure, can only be assessed by comparing it with an
independent method of indisputable accuracy. There is no such absolute method
because of the natutre of the data to be collected. For many research purposes
the Investigator ideally wants to measure the usual intake of nutrients by
individuals over a prolonged period of time; for an independent method this
would imply direct observations of many individuals over a long time. This is
almost impossible. Instead, it may be possible to establish the relative
validity by evaluating the method in terms of another generally accepted methed,
designed to measure the same concept. We may think of validating e.g. the
24-hour recall method against the observed, and preferably weighed, amount of
food intake during the same period. But there is no point in comparing the
recall method with a dietary history, because the concepts of these methods
differ with respect to the time frame.

Another way of validating methods is to compare the results of a technique
with a biological marker. Isaksson (9) compares the 24-hour protein intake
estimated by recording or recalling with the nitrogen excretion in 24-hour
urine. In soclal science this type of validating, which expresses the relation
between the results of a measurement by a technique and other c;iteria, is

called concurrent validity. For the moment the 24-hour urine nitrogen excretion
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is considered the best biclogical marker against which food consumption surveys

can be validated (10). However, this method also has several drawbacks, for

example:

= the problem to ensure that urine collection is complete

— extra~renal nitrogen losses (for which a "correction” by 2 g per day might be
made)

=~ daily variation in nitrogen excretion.

Depending on the purpose of the study other markers may also be considered, for

instance

- adipose tissue concentration of fatty acids (11)

- blood o -tocopherol levels (12).

Investigators engaged in longitudinal studies tend to validate trends in the
results of the studies against trends in national surveys e.g. food balance
sheets and household food consumption sutrveys. Such validations can be objected
to however, owing to differences in premisses and designs of the studiles.
Consequently methods, levels of observation {nation, household, individual) and

time frame vary.

REPRODUCIBILITY

In addition to getting an answer to the question "How valid is my method”, we

should also like to know how reliable or reproducible the method is. A method 1s

commonly called reliable or reproducible if it gives the same results when used
repeatedly in the same situation. The problem in food consumption surveys (as in
othér behavioural studies) is that the situation is never absolutely identical.
Reproducibility refers to biological within-person variation (or true day-to-day
variation) as well as to random response errors, because these two sources of

variance can hardly be separated. This makes it also questionable whether



-11-

reproducibility is an appropriate measure to compare the quality of various food
consumption techniques. If we compare the reproducibility of a dietary history
with a 3 times repeated 24-hour recall method, the former method is better
because day-to-day variation 1s not included in that concept.

In the test-retest design the most desirable time interval between the
measurements is a dilemma (13)}. On the one hand we must try to avoid the second
measurement from being influenced by the previous one, due to e.g. recollection
of the first interview. On the other hand, the longer the time intervals, the
greater is the probability of changes in food habits. The length of the time
interval between the measurements depends on the time of reference of the
method. For example, 1f the time of reference is the usual food consumption in
spring, all measurements have to be done within three months as far as the

Netherlands are concerned.

ESTIMATING THE AMOUNTS OF FOOD CONSUMED

Up to now research on the quality of techniques measuring food conmsumption
mostly has been concentrated on the technique as a whole. However, in a
technique three main components may be distinguished:

- collecting data by record, tape-recorder or recall;
- measuring the amount of food consumed;
- conversion into nutrients.

Although there is a great deal of literature on the validity and
reproducibility of techniques measuring food consumption, only a few studies
distinguish between errors due to lack of memory (14, 15, 16, 17) and those due
te lack of accuracy in estimating the amount of food by weighing, the use of

food models and standard household portions.
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Weighing food

Welghing of all foods is considered to be the most precise technique.
Different scales are avallable with a degree of exactitude to the nearest 0.1,
1, 2, 5, or 10 grams. We think that a degree of exactitude of one gram for most
food consumption studies is sufficiently precise. The scales should be
calibrated and easy to read. There are two fundamental problems with the
welghing technique. Firstly, weighing all foods 1s a hard task for the subjects
participating in the study. Therefore, the technique may result in poor response
rategs and selection bias. Secondly, weighing makes the subject conscious of the
foods eaten and may change his food habits. This is a particular problem with
women who are anxious about thelir body weight (18). To overcome these two

problems, simplified methods for weighing are being developed in several places.

Estimating with household measures

Estimating with household measures is less demanding than weighing: the foods
must be described in terms of household measurements. The descriptive terms have
to be converted into weights, which may be done by using standard household
measures. In estimating food intakes of individuals based on standard household
measures, we have to realize that their household utensils and portion sizes may
vary during the period of observation (within-person variation). Moreover, there
is an extensive between-person variation in these measures (19}.

Table 2 shows the average, median and range in content (ml) of households
utensils and weights (g) of portion sizes found in about 30 households. The
average and median figures agree to the standard measures, however the range
reflects a large between-person variation in portion sizes. A diet of 2000 kcal.

(8.4 MJ) based on standard household measures, might contain 1400 kcal (5.9 MJ)
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when the lowest values would have been used and 2800 kcal (11.8 MJ) when the

highest values were used.

Table 2. Variation in household measures and portion sizes (19).

n X median range standard

measure
Slice of brown bread (g) 30 30 30 . 25- 38 30
butter/margarine (g) 60 4 4 2= 12 5
Gouda cheese {g) 34 21 20 9- 42 20
Teacup (ml) 30 136 128 110-175 125
Drinking-glass (ml)} 19 184 173 85-300 150
Teaspoon of sugar (g) 43 5 4 2- 13 3

Food models

Many articles on food consumption surveys mention the use of food models to
estimate portion sizes. A great variety of food models are used, viz:

- food samples

plastic, clay or wooden natural coloured food models
- polystyrene models
~ geometric models
- natural sized coloured paintings
- photographs.
Moore et al. (20) reported on the effectiveness of éhe uge of graduated food
models In taking dietary history. It appeared that the use of food models was

shown to be better reproducible than that of descriptions in terms of household
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measures. In general, little has been published on the validation of food
models. In describing the methods used to assess food consumption, investigators
refer to unofficial reports and rarely mention the accuracy of households

measures or the use of food models.

CONVERSION INTO NUTRIENTS

The conversion into nutrients by using food composition tables is a specific
topic. The problems of sampling of analytical methods and their limits are
clearly presented by Southgate (21). From publications comparing data obtained
by calculations from local food composition tables and direct estimations
(22-25) it may be concluded that local food composition tables are sufficiently
accurate for most study purposes as far as energy and macro nutrients are
concerned. Table 3 presents a comparison of analysed and calculated values of
energy and macro nutrients In a duplicate portion of a test diet for a dietary

experiment (26).

Table 3. Difference between analysed (a) and calculated {c) data of a
duplicate portion of a one-day test diet (26).

Analysed Calculated Difference Difference Difference

c-a c-a c-a
in % in energy %

Energy (ki) 8895 9050 155 1.7

Protein (g) 60 64.9 4.9 8.1 0.7
Fat (g) 103 110.7 7.7 7.5 2.6
Carbohydrate (g) 233 220.0 -13.0 =5.6 -3.2
Mono- and

disaccharides (g) 108 103.1 - 4.9 -4.5 -1.2

The table shows that the differences are all within 10 percent, which is not

sufficiently accurate for a dietary experiment in a metabelic ward. However, asg
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the results of the comparisons are consistent in the same direction, the data
derived from the food composition table may be adequate for epidemiological
studies in free-living populations aiming at classifying individuals or groups
of individuals according to thelr nutrient intake.

For most of the vitamins and minerals, food composition tables are of limited
value. Sodium and potassium should rather be estimated in 24-hour urine
excretion (27). If food composition tables are used for international studies,
compatibility of tables is a must. This is the main goal of the Infood

organisation (28) and the Eurofood organisaticn (29).

FRUSTRATIONS

Table 4 shows the main sources of error and variation associated with five
methods of estimating food consumption. There is no method of indisputable
accuracy, but the sources of error seem to be less in number In the duplicate
portion technique. However, this technique is considered to be unsuitable for
large-scale epidemiological studies; because 1t takes a lot of time from subject
and investigator while, moreover the analyses are very expensive.

It is impossible to summarize the conclusions found in the literature on the
validity and reproducibility of the various methods assessing food consumption,
since most methods have been applied in different contexts. Understanding these
different contexts has led to other approaches in evaluating studles on diet and

health.
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Table 4. Sources of errors in techniques estimating food consumption.

24-h  dietary estimated weighed duplicate

Sources of error recall history record record portion

Response errotrs

* omitting foods + + + + -
* adding foods + + - - -
% astimation of weight

of foods + + + - -
* estimating frequency

of consumption of foods - + - - -
* day to day variation + - + + +
* changes in diet - - + + +
Coding errors + + + + -
Errors in conversion
into nutrients
% food composition table + + + + -
* gampling errors - - - - +
* direct analysis - - - - +

+ error is likely
- error is unlikely

EXPECTATIONS

Block (7) polnts out clearly that validation wmust be seen in the context of

the inferences that are to be drawn from the research carried out with these

methodologies. Gordon et al. (30) stress the lmportance of appreciating the
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differences in purposes of dietary experiments in metabelic wards and of

observational studies of diets in so called "free-living” populations. Whereas
the nutrition experiments examine the effect of changing nutrient intake on
parameters of the nutritional status, population based observatlons examine the
association between dietary characteristics of individuals (or groups) with
other characteristics which these individuals (groups) exhibit. There is a
tendency to consider the results from metabolic studies as being more accurate
than population-based ohservations. For the study of nutrition and health
however, both designs are useful since thelr purposes, limitations and
advantages are different as Table 5 shows (31).

Beaton (32) makes suggestions for approaches at different levels of analysing
{Table 6). These levels are discussed in the paper of the "Nordisk samarbets
grupp f8r Kosthallsforskning” (33).

Table 6. Selection of methods to estimate*35ual nutrient
intake of "free living"” subjects 7.

Desired information Preferred approach

- group average - one day intake in a large
group with adequate repre-
sentation of all days of the week.

- proportion of population - l. replicate observations.
"at risk™ 2. diet history.

- individual nutrient Intake, - multi-replication of obser—
for correlation or regression vation on each individual
analyses.

*
) Suggestions made by Beaton (32).

However, next to the purpose of the study the selection of a method also
depends on practlical considerations: the capacity of the target group, personmnel

available and finances. In chosing a method the benefit/cost and feasibility
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considerations, have frequently shown to be decisive. Such arguments might

become a problem in international studies, because the actual situation differs

frow country to country. To facilitate Ilnternational studies on diet and health,

and more specifically to discuss the methods to be used an international

handbock on methods assessing food consumption would be very helpful. This is

why the IUNS Committee on Food Consumption Surveys has proposed an outline for

such a handbook (34).
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3, DIETARY FIBER CONSUMPTION IN AN ADULT DUTCH POPULATION

A METHODOLOGICAL STUDY USING A SEVEN-DAY RECORD

Wija A. van Staveren, M.S8c., Joseph G.A.J. Hautvast, M.D., Martijn B.
Katan, Ph.D., Martin A.J. van Montfort, Ph.D., and Hannie G.C. van

Oosten—van der Goes, M,Sc,

Agricultural University, Department of Human Nutrition, Wageningen,

The Netherlands

It has been suggested by Burkitt et al. (1) that the incdidence of
atherosclerosis and large howel diseases in Western communities might be
linked to a low intake of dietary fiber. Dietary fiber has been defined
as the plant polysaccharides and lignin which are resistant to hydrolysis
by the digestive enzymes of man. The main components of dietary fiber
are cellulose, hemicellulose, pectic substances (polygalacturonic acid
compounds) and lignin (2). Different components of dietary fiber have
different physioclogical effects. Pectic compounds have been reported to
be effective in lowering serum cholestercl, and compounds from wheat
bran stimulate colonic function (3,4).

Dietary fiber consumption can be estimated from food balance sheets.
These assess the national food supply by adding imported food and home
produced food and by subtracting exported food and food used by non-civi-
lians, According to Dutch food balance sheet data (5-7), dietary fiber
consumption has changed. It decreased between 1951 and 1961, mainly
because of a decline in the consumption of bread, other unrefined cereal
products, and potatoes (Table 1}, Although the consumption of these

products continued to decrease in the following decades, total dietary
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fiber consumption did not decrease, because of an increase in the

consumption of other vegetables and fruits.

Table 1, Dietary fiber consumption in The Netherlands per person per day

as determined from Dutch food balance sheets, 1951-1976 (5-7)

dietary fiber intake

foods 1951 1961 1976
gm, /day Z of gm, /day Z of gm, /day % of
daily intake daily intake daily intake

bread and

cereals 13.6 50 9.9 41 8.0 32,5
potatoes 6.4 24 5.5 23 5.2 21
other

vegetables 4.6 17 5.1 21 6.3 26
fruit 1.7 6 2.3 10 3.5 14
other

(nuts, raisins,

chocolate,

etc.) 0.7 3 1.2 5 1.6 6.5
Total 27.0 100 24,0 100 24,6 100
Energy

(kcal per day) 2,820 2,930 2,955
Dietary fiber (gm.

per 1,000 kcal) 9.6 8.2 8.3

Since food balance sheet data can give only a very rough picture of
the annual per capita availability of faods (B), we decided to conduct a
survey to assess total dietary fiber and pectin intake of a representative
sample of the adult Dutch population (25 to 65 years of age), using a
seven~day record method. As a byproduct we obfained an estimate of the
size of a sample providing one-day records that is required to give the
same precision as seven—day records for assessing the average energy and

dietary fiber intake of a group.
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METHODOLOGY

Selection of the population sample

In order to obtain a sample that was representative of the Dutch
'population, a random sample of 150 adults (25 to 65 years old) was taken
from the registration of the municipality of Rhenen (a city with 15,500
inhabitants), The population of Rhenen has been shown to resemble the
Dutch population in the following demographic characteristics (9):

. Distribution of different age categories: zero to 19 years of age, 37
and 36 percent for Rhenen and the Netherlands, respectively:; 20 to 39
years of age, 26 and 26 percent; and 65 years of age and older, 1! and
10 percent.

. Proportion of people married: 49 percent for Rhenen and 48 percent for
the Netherlands.

. Number of persons per household: 3,6 for Rhenen and 3.7 for the
Netherlands.

. Educational level of the working population: elementary school, 43 and
34 percent for Rhenen and the Netherlands, respectively; high school,
40 and 44 percent; college and postgraduate level, 6 and 7 percent;
and unknown, 1] and 15 percent.

. Distribution of workers over occupatiomal categories: 69 white collar
workers per 100 blue collor workers for Rhenen and 87 per 100 for the

Netherlands,

Data collection

The advantages and disadvantages of different dietary survey methods
have been reviewed by Marr (10). As no single method has been shown to
give completely accurate results and to be free from the limitations of

carrying out consumption studies with free-living subjects, the choice
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of the method to be used depends primarily on the objectives of the
study, Other factors influencing the choice of method include: the
characteristics of the people to be tested and the availability of funds,
personnel, time, and eguipment (10,11).

To reach the objective of our study, we selected a seven—day record
method, We asked the participants to note, in specially designed diaries,
their daily food consumption in household measurements for seven successive
days ia January and February 1977, Trained dietitians and postgraduate
students in human nutrition visited the participants on four cccasions.
The first visit was an introductory talk to explain the objectives of the
study and to ask subjects to participate, A second visit was made one
day before the participants were gcheduled to start with their food-intake
records for seven davs. During this visit instructions on filling in the
diaries were given., Three days later a third visit was made to check if
the participants did fill in the diaries correctly. During the last visit
(one day after the participants had finished their food-intake record),
the diaries were checked and portions of foods frequently used were
weighed. According to earlier studies, such a method is comparable with
a seven-day weighing inventory but is considered less demanding for the
participants (12,13).

In order to avoid bias in the information on food intake through
systematic differences in consumption om different days of the week, an
equal number of persons commenced recording their food intakes on each

day of the week.

Calculation of nutrient irntake

Each item on the food record was ceded by the interviewer and checked
by a colleague. For the conversion inte nutrients, we used a computer
program based on & nutrient file cowmpiled from the Dutch food composition

table (14,15) and from additional data on dietary fiber and pectin (Table 2)
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Table 2. The proportions of dietary fiber and pectin in some foods*®

foods dietary fiber pectin+
gn./100 gm,)
whole wheat bread 8.5 0.1
white bread 2.7 0.1
potatoes (Solanum tuberosum L.), old, cooked 3.0 0.2
carrots (Dauscus carotal,), raw 3.2 0.7
lettuce (Lactuca sativa L.), raw 1.3 0.3
peas (Pisum sativum L.), canned 4,7 0.2
tomatoes (Sclanum lycopersicum L.), raw 1.4 0.3
apples (Malus pumila Mill.), flesh only 2.2 0.5

fData from Stasse-Wolthuis et al, (28) and from Katan {32).
Values are expressed as polygalacturonic acid; 1 gm, pure citrus pectin
contains about 0.8 gm. polygalacturonic acid,

Statistical methods

A mixed model analysis of variance (20) with two factors was applied,
namely random person's effects and fixed day-of-the-week effects.
Expressions were derived for sample sizes of equivalent one-day and
seven—day record methods. These expressions make it possible to estimate,
for instance, the number of participants giving one-day records that
would have been needed to equal the precision of the 100 participants

giving seven-day records in this study.

RESULTS AND DISCUSSION

Respondents

One hundred reliable records were received from the 150 persons
contacted; 7 were away at the time of the study; 7 submitted unreliable
records; and 36 refused to participate, The group that did provide
reliable records was still representative of the adult population of

Rhenen with regard to age, sex, and the average number of persons per
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household, In comparison with other studies, the non-response rate of 33.3

percent is not exceptionally high (10).

Energy and dietary fiber intake

Average energy intake was 2,370 kcal (2,790 kcal for men and 2,040 kcal
for women) per day; protein, carbohydrate, fat, and alcohol contributed
14, 42, and 4 percent of kilocalories, respectively. This level and pattern
of energy intake can be considered as "normal"™ for an adult population in
a highly industrialized country where people, generally speaking, do not
perform heavy physical work.

As shown in Table 3, mean dietary fiber consumption for the group was

about 24 gm, per day. The mean dietary fiber intake per 1,000 kecal was 10.5 gm.

Table 3, Intake of dietary fiber and pectin in adult Dutch men and women

assessed by a seven—day record method

fiber and men women total sample
pectin (n=44) (n=56) (n=100)

dietary fiber (gm./day) 27.5 + 7.8% 21,3+ 4.7 24,0 + 6.9

dietary fiber (gm./1,000kcal)10.1 + 2.5 10.8 + 2.6 10.5 + 2.6

pectin {(gm./day) 2,5 + 0.8 2.4 + 0.7 2.4 + 0.8

*

Mean + standard deviation.

This is comparable with other data collected in food consumption studies
by our institute for other groups of tHe Dutch population., In a large
number of 6= to 10-year-old school children (n=675), average dietary
fiber intake was 9.2 gm. per 1,000 kcal (21): in 136 adolescents a value of
9.7 was found (22); and about a hundred adult men forming part of the
Dutch cohort of the Seven Countries Study (23) were found to consume an
average of 8.8 gm. of dietary fiber per 1,000 keal (24),

The Dutch food balance sheets for 1976 indicate a dietary fiber

availability in the daily food intake of 24.6 gm. or 8,3 gm, per 1,000
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keal (Table 1).

The level of dietary fiber intake in the Netherlands seems to be close
to that recently reported for West Germany and Great Britain, Average
daily intake of dietary fiber was about 22 gm, per day for various West German
groups (25), 19.9 gm per day forBritish adult population (26), and 24 gm. per day
for our subjects.The Getmans, however, derived an average of 11 gm. per day from
cereals and the British only 6.1 gmw. For the Dutch this figure was 7.7 gm. Although
these differencespartly reflect the amounts of bread consumed (27,28), the type of
bread also appears to play a role, In 1978,white bread accounted for about 80
percent of the British bread consumption (29), whereas in West Germany
dark, fiber-rich bread is generally consumed. The situation in the
Netherlands is intermediate, with 50 to 60 percent of the bread consumed
being brown or whole@eal (7). Such data suggest that the differences
between these countries in the consumption of specific types of fiber may
be appreciable and larger than the differences in total fiber intake,

Pectin intake in our study was 2,4 gm, per day as opposed to 3 gm, for
British subjects (26). However, the methods used to determine the pectin
contents of foodstuffs were not comparable, which makes the apparent

difference in pectin intake difficult to interpret.

Important food sources of dietary fiber and pectin

Table 4 shows the sources of dietary fiber and pectin, devided into
five main groups of foodstuffs. The large standard deviationms show that
the main sources of fiber varied widely between persons. Thus, measure-
ment of the consumption of just a few fiber sources (e.g., bread and
vegetables) would lead to large errors in the estimation of total fiber
intake, As already suggested by the food composition data in Table 2,
most of the dietary pectin was contributed by fruits and vegetables.

Thus, measurement of the consumption of fruits and vegetables alone might
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be a useful shortcut method for estimating pectin intakes.

Table 4, Contribution of various food groups to the average dietary fiber

and pectin intake of an adult Dutch population (n=100)

food dietary fiber pectin
gm, /day percent of gm./day percent of
intake intake

bread and cereals 7.7 + 5.4% 32 0.18 + 0,09 7
potatoes 4.1 + 2.5 17 0.35 + 0.22 14
other vegetables 5.7 + 3.3 24 0.81 + 0.31 34
fruit 3.6 + 2.4 15 0.96 + 0.63 40
other sources 2,9 + 3,2 12 0.11 + 0.08 5
total intake 24,0 100 2.41 100

x . .
Mean + standard deviation.

Identification of subgroups with high or low fiber intakes

In order to evaluate different ways of identifying subjects with high
or low dietary fiber intake in the community, subjects were divided into
quartiles according to either their average daily fiber intake or their
intake per 1,000 kcal (fiber density). Men and women in the lowest quartile
of total fiber intake ate less than 21.4 and 18 gm. per day, respectively,
while men and women in the highest quartile of the distribution ate more
than 30 and 22.5 gm. per day,respectively. The very narrow range of dietary
fiber intake of women is due to a narrow range of energy intake and also
to little variation in eating patterns.

As shown in Figure 1, classification by fiber density of the diet (grams
of fiber per 1,000 kcal) yielded entirely different groups of high and low
fiber consumers. For example, eipght subjects (indicated by encircled points
in Figure 1) fell into the highest quartile of fiber consumption according

to one classification but into the lowest quartile according to the other.
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Fig., 1. The relation between the average daily dietary fiber and energy
intake. The horizental lines represent the 25th and 75th percentile of
total dietary fiber intake, expressed in grams per day. The oblique broken
lines represent the 25th and 75th percentile of fiber density, i.e. the
dietary fiber intake expressed in grams per 1,000 kcal, All points te

the left of the upper broken line refer to subjects with fiber densities
in their diets exceeding the 75th percentile of fiber demsity. Encircled
points refer to subjects with absolute fiber intakes above the 75th per-
centile but fiber densities below the 25th percentile, or vice versa.

More than half of the participants who were graded as low medium, or high
fiber consumers by one criterion would have to be reclassified if the

other criterion were used. If this should prove to be a gemeral finding,
then the interpretation of epidemiclogical studies relating fiber consump-
tion to disease may depend on whether intake is expressed in grams per

day or grams per 1,000 kcal, There appears to he at present no physiological

reason to prefer either methed.

Differences between dietary fiber intake on weekdays and weekends

Food consumpticn patterns of individuals are known to vary considerably

from day to day (10). However, part of this apparent variation mav be due
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to systematic effects of specific days of the week on food intake. Analysis
of variance did in fact reveal a significant between-days effect on the
intake of dietary fiber. This can mainly be attributed to a difference
between dietary fiber intake on days during the week and during weekend.

As shown in Table 5, dietary fiber intakes were significantly lower during
the weekends. This stresses the importance of a design that is well-balanced
over the days of the week in order to avoid bias in the estimation of the

population mean,

Table 5. Comparison of the dietary fiber intake on weekdays {(Monday to

Friday) and on weekends (Saturday and Sunday)

dietary fiber intake

days
men (n=44) women (n=56)
gm, /day gm, /1,000 kcal gm./day gm, /1,000kcal
weekdays 28,7 + 8,55 10,7 + 2,8 21,9 + 5.0 1.4 + 2.7
weekends 24,5 +10.2 8.8 + 3.7 19.7 + 6.7 9.6 + 3.5
significance of
the difference » < 0.01 p < 0,01 p < 0.05 p < 0,01

x . .
Mean +standard deviation.

Sample size requirements for different designs

The aim of a food consumption study is often to obtain an estimate of
the mean intake of energy or of certain nutrients in a population. The
precision of the estimated group mean, as expressed by its standard error
or variance, depends on the number of subjects or respondents (N), the
number of daily records (k) provided by each respondent, the between-subject
variance (VB), and the residual within-subject wvariance (VR). The precision
can be increased by increasing N or k or both. The variance component V.

B

cannot be influenced by the investigator, and the variance component VR to

only a small extent, The variance component VR includes random day-to-day
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variations within one persom and errors in measurement. The variance (VM)
of the estimated group means can be expressed as: VM = (VB + VR/k)/N.
As can be seen from this formula, increasing the number of food record

days (k) reduces only the contribution of the variance component V,, whereas

R
the contribution of both variance components is influenced hy the sample
size. A certain required precision (e.g., a 95 percent confidence interval,
not greater than about 10 percent of the mean value) does not fix k and N
but can be attained by a number of equivalent(k,N) combinations. The
optimal choice for a combination could be based on considerations of cost
(20,30). We wish to demonstrate which designs are equivalent in the sense
of vielding the same precision and how these different combinations of k
and N depend on the ratio of the within-perséns variance over the
between-persons variance. We will call this ratio X, vhere A = VR/VB.

The design requires that data be collected evenly over the various
days of the week., This can be accomplished by increasing the sample size
to the nearest multiple of seven and by having an equal number of subjects
starting their record(s) on each day of the week.

It follows from the above formula that two different designs can vield
the same group mean variance VM and thus the same precision for the
estimated group mean when: Nk/Nh = (1 + X/K)/{1 + A/h), where k and h
indicate two different choices for the number of food record-days per
subject. In our study the number of days for each person was seven (h=7).
It follows that for an equivalent design with a smaller number of food
record-days per subject (k), the required sample size iz given by:

N o= N.(1+ A+ XD,

The value of A for a specific nutrient in a specific population can
be estimated either beforehand from other data or.afterwards, as in the
present study. From an analysis of variance with two factors, namely

person's effects and day-of-the-week effects, A may be estimated as



-3y

hf F-1), where F is Fisher's F-ratio of the mean squares of the between—persons
component and the residual component of the variance, and where h = 7 in the
present case. In Table 6 the results from our study regarding A and sample
size of equivalent designs for the intake of energy and dietary fiber are
given. As can be observed from this Table, there is little difference

between the A values of men and women,

Table 6. Fisher's F for the between-persons variance, ratio of observed
within-individual variation (VR) over between—-individuals variation (VB)
and calculated ratio of sample sizes in equivalent one-day (Nl) and

seven—day (N7) designs vielding the same precision.

: *x + +
energy and fiber F VR/VB N]/N7+
energy men 13,01 0.58 1.5
wonmen 11,32 0.68 1.5
dietary fiber men 6.44 1.29 1.9
women 5.82 1.52 2.1
* Fisher's F for the between-persons variance.
VR/VB =J{F ~ 1} = X = ratio of the within-persons over the between-persons
variation.
+ N /N, = (1 + A/1)/(1 + A/7) = ratio of sample sizes of equivalent one-day

(ﬁ )7and seven—day (N,) designs yielding the same precision.
1 7

These findings show that the precision for measurement of dietary fiber
intake obtained by using one~day food records from twice the number of
individuals is comparable to that obtained from a seven-day food record.
For the measurement of energy intake, only 1.5 times the number of
individuals is required for the one-day record method to obtain the same
precision as with the seven-day record method.

However, the choice between a one-day and a seven—day record method
also depends on the aim of the study. For example, if the purpose is to
compare the nutrient intake during the week with that at weekend, a

seven—day method would be preferable to a one-day record method, If the



—35-—

aim is to study the contribution of various food groups to nutrient intake,
on an aggregate level, a one—day or two-day record method may be more
appropriate.

As an illustration of the use of A values, we applied them on the reshlts
of our own study. The approximate number of one-day records required for a
95 percent confidence interval for the population mean, allowing for a
specified imprecision of 2d, is given by the following well-known equation:

= (4/d2)(VB + v

R). For a design with k recordsper person, this generalizes
: = 2
to: N (4/d )(VB + VR)(] + AR/ + AN,

In Table 7, estimates of V, + ¥

4 R and the required sample size (K} for

one-day and seven-day records are given when d equals 10 percent of the
group mean, For comparable values when & equals 5 percent of the group
mean, the values of N obtained above should be multiplied by a factor of

4, i.e., (10/5)°

Table 7, Sample size required to estimate the group mean of energy and
dietary fiber intake with a2 standard error of less than 5 percent, using

one-day or seven-day records

anergy and fiber e an VB + VRx N]+ .N7+

energy (kcal) men 2,790 930° 45 31
women 2,040 6402 40 26

dietary fiber (gm.) men  27.5 10,82 63 33
women 21.3 6.82 41 2n

V, + V ¢ sum of the between-persons variance and the residual
+ w1th1n—persons variance.,

(4/d2 )(VB + v )(1 + A/KY/(1 + X)) for k = 1,7: number of one- or
seven-day records requlred for a 95 percent confldence interval for
the population mean, allowing for a specified imprecision of 2d, where
d = mean/10.

The question arises of how far the results given in Table 7 can be applied
to other population groups.lt is clear that these results depend on the sum

of the residual within-person and between-person variance and on the ratio of
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the two variances (A). At present, the literature provides only a few
estimates of this ratio, and the values reported vary widely. For instance
in a study involving 30 men and 30 women, Beaton et al. (30) reported a
value of A for the energy intake of 1,0 and 1,2, respectively. In our
study we found a value of (.58 for men and 0.68 for women, whereas Liu et
al, (31) reported a value of 1.8 for 181 Japanese men living in Japan and
a value of 2,2 for 318 Japanese men living in Hawaii.

In comparing these results, one should bear in mind that in addition
to different life styles and food habits, the design of the study may also
influence the value of A, Dietary survey method (record or recall), inter-
viewer, day of the week, and possibly effects of time all contribute to
the residual variance in addition to the variability of a person's daily
consumption under similar circumstances,

In data presently available, there is a tendency for A values to be
relatively low for energy intake, intermediate for protein, fat and
carbohydrate, and high for fatty acids, dietary fiber, minerals, and .
vitamins,

In conclusion we recommend, in order to estimate sample size, that the
ratio of the residual (VR) over the between-persons variance (VB) -i.e.,
A - for different nutrients be estimated. The value of A can be estimated

either from other data collected beforehand or from a pilot study.

SUMMARY AND CONCLUSTIONS

The intake of dietary fiber was studied in an adult Dutch population
aged 25 to 65 years using a seven—day record method, It was found to be
24,0 + 6.9 gm. per day (mean + SD) or 10.5 + 2.6 gm. per 1,000 kecal. The
dietary fiber intake per 1,000 kcal (fiber density) was virtually

identical to that observed in other age groups of the Dutch population
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and somewhat higher than values calculated from the Dutch food balance
sheets (8.3 gm. per 1,000 kecal). The intake of pectin (as polygalacturonic
acid) was 2,4 + 0.8 gm, per day.

Important sources of dietary fiber were bread and other cereals (32
percent of daily intake)}, potatoes (17 percent), other vegetables (24
percent), and fruits (15 percent), For pectin, the proportions in those
foods were 7, 14, 34, and 40 percent of the daily intake.

Comparison with German and British figures suggests that, although overall
intakes of dietary fiber are similar to those in the Netherlands, differences
in consumption of dietary fiber from specific sources such as bread may be
appreciable.

The intake wag significantly higher on weekdays than on weekends.
Ranking the subjects by absolute dietary fiber consumption, expressed
in grams per day, and by fiber density of the diet, expressed in grams per
1,000 keal, yielded entirely different results, Therefore, if one wants to
select individuals with "high" or "low" dietary fiber consumption, the
decision as to whether the basis of the classification is total daily
intake or fiber density of the diet has a great impact on the result.

For estimating group means of daily dietary fiber intake, equal
precision can be obtained by using a seven-day record method or by

collecting one-day records from twice the number of the subjects.
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4. VALIDITY AND REPRODUCIBILITY OF A DIETARY HISTORY METHOD ESTIMATING THE USUAL

FOOD INTAKE DURING ONE MONTH.

Wija A. van Staveren MSc, Janna Q. de Boer MSc and Jan Burema MSc.

Agricultural University, Department of Human Nutrition, De Dreijen 12, 6703 BC

Wageningen, The Netherlands.

SUMMARY

The validity and reproducibility of a dietary history method with a time of
reference of one month was assessed with 44 young adults (aged 19-32 years). The
concurrent validity of the method was assessed by means of the 24-hour urine
nitrogen excretion. The mean difference between N-intake and N-excretion
(24-hour urine N-excretion plus 2 g for extra renal nitrogen losses) was 0.0 g
with 95Z-confidence limits of + 1.1 g. These limits for the mean difference
between excretion and intake indicate a valid assessment of the protein intake
of this group.

The reproducibility was evaluated in the same group through a test-retest
design. The intraclass correlation coefficients were high over a weighted
average of week-days and for an average workday as regards the intakes of energy
and selected nutrients. As to the Saturday and Sunday intakes, the intraclass
correlation coefficients were lower for the energy intakes and most of the
nutrients (except alcohol), findicating a poorer reproducibility for week-end

agsessments.

KEY WORDS: Dietary methods, validity, reproducibility, nitrogen excretion.
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In the context of a longitudinal study on the etiology of obesity in young
adults a methodological study was carried out on the validity and
reproducibility of a dietary history method. This method is one of the preferred
methods available to estimate the usual dietary intakes of individuals. The
quality of methods estimating food consumption can be expressed by their
validity and reproducibility. Validity tries to give an answer to the question
whether the method actually measures what the investigator intends to measure.
The central methodological problem of foad consumption studies is that there is
no “"golden standard” for directly assessing the validity (1, 2). This is
especially a problem for the dietary history method, since this method estimates
the habitual food intake over a longer perioed of time up to one year. Therefore
investigators usually determine either the relative validity, i.e. comparison
with the weighed record method, or the concurrent validity, i.e. comparison with
clinical or biochemical criteria. In former reports, the relative validity (3,
4, 5, 6, 7) as well as the concurrent validity (8, 9, 10)of the dietary history
method has been evaluated. In a review on the validity of dietary assessment
methods Block (1) concludes that 1t is difficult to gather from the reports
published, whether a dietary history is a valid method in the sense of that it
reflects the nutrient intake accurately. In Block's report no validation of
nltrogen Intake against 24 hour urine nitrogen excretion (10, 11, 12) is
included. As this method is considered (13) as one of the best biochemical
criteria against which to validate a dietary intake method, we decided to
validate the dietary history method on an aggregate level against this
biochemical marker.

Hankin et al. {14) have recently reported on the reproducibility of a dietary

history questionnaire. An assessment is called reproducible if it gives the same






