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ABSTRACT

Introduction

A well-designed food frequency questionnaire (FFQ) aims to assess habitual intake
of foods or nutrients of interest in the target population. Therefore, the food list of
an FFQ has to be adapted to the prevailing dietary habits of the target population
and updated when re-used some time after initial development. However, due to
lack of expertise, time, or finances, FFQs are often re-used without adaptations. To
simplify and standardize the development of new FFQs, we developed a computer
system, the Dutch FFQ-TOOL™, to generate, apply, and process FFQs. The aim of
this thesis was to provide the scientific basis for development of this system.

Methods

We first characterized FFQ design by a systematic review of validation studies.
For selecting food items in the system, we evaluated a simple procedure, called
MOM?2, which selected food items on the basis of explained variance in nutrient
intake without taking covariance from other food items into account. To improve
questions in FFQs, we conducted focus group discussions to investigate problems
encountered by adults when filling out FFQs. Using the information from these
studies; we developed a prototype of the system, which used the Dutch National
Food Consumption Survey 1998 for the selection of food items. This prototype was
used to generate an FFQ, which was subsequently validated against biomarkers and
3-day food records.

Results

In the systematic review, we observed that FFQs with more items (>200 items)
were better able to rank people according to their intake of most nutrients than
shorter FFQs (<100 items). MOM2 appeared suitable to select food items that
contributed importantly to variance in nutrient intake, leading to only a few
more food items than regression analysis. Focus group discussions showed that
36 out of 40 respondents were confused by examples that were meant to clarify
questions and 31 out of 40 respondents had difficulties in identifying consumed
foods, because categorization of foods was not logical to them. This information
was used to develop standard questions and answering categories which were
included in the Dutch FFQ-TOOL™. The validation of a first FFQ generated by the
system showed that validity coefficients between FFQ and true intake were 0.50
for protein, 0.36 for potassium and 0.50 for PUFA, as assessed by the methods of
triads applied to the FFQ, food records, and biomarkers of intake. These results
are similar to those from validation studies of other FFQs.

Conclusion

We have developed a flexible data-based computer system that can generate FFQs
using standardized procedures for multiple nutrients of interest, which is suitable
to assess habitual food and nutrient intake of adults with sufficient validity.







CONTENTS

Chapter 1
Introduction

Chapter 2
Design characteristics of food frequency questionnaires in relation to
their validity

Chapter 3
Selecting informative food items for compiling food frequency
questionnaires: comparison of procedures

Chapter 4
Options for improvement of FFQs using cognitive interviewing

Chapter 5
The Dutch FFQ-TOOL™: development and use of a computer system to
generate and process FFQs

Chapter 6

Validation of a food frequency questionnaire developed with a new tool
for automated development and processing of FFQs against biomarkers
and 3-d food records

Chapter 7

General discussion

Summary

Summary in Dutch (Samenvatting)
Acknowledgements (Dankwoord)

About the author

20

44

62

80

98

116

138

144

148

154









| Chapter 1

INTRODUCTION
Assessment of dietary intake with FFQs

In epidemiologic research, food frequency questionnaires (FFQs) are often used to study
the relationship between dietary intake and disease in large studies . FFQs are the
only instrument that can be self-administered and used to assess usual dietary intake.
They may be used to assess intake of one nutrient or food group such as calcium or
dairy products or they may provide a more general assessment of dietary intake focusing
on energy, macronutrients, and important micronutrients. Basically, FFQs consist of
questions on the consumption frequency of food items required to assess the usual
intake of nutrients of interest at an individual level. Each major food item in the FFQ
represents many variations of that food or even a group of related foods. For example,
pizza, a typical FFQ item, represents all the varieties of pizza that are available *. To
improve the description and accuracy of dietary intake estimates of respondents, further
questions about consumed portion sizes and preparation methods are often included.
Finally, intakes of foods are converted to food group and nutrient intakes using food
composition databases.

Popularity of FFQs

The popularity of FFQs stems from their ease of administration, ability to assess habitual
dietary intake over an extended period of time, and relatively low costs 3. An important
advantage of dietary assessment by FFQs, as compared to multiple food records or 24-hour
dietary recalls, is that response rates are relatively high. The reason is that FFQs can be
filled out at home and respondent burden is usually low > Moreover, food consumption
of respondents is not affected by filling out FFQs 8, whereas keeping food records may
lower intake during the recording days 2. In addition, a limitation of 24-hour dietary
recalls is that underreporting of intake increases for second and further administrations,
as compared to the first °. An additional argument in favour of FFQs is that they may be
less susceptible to BMI-related underreporting than other dietary assessment methods
such as 24-hour dietary recalls °.

Drawbacks

There is some concern that FFQs are too much affected by measurement error to detect
weak associations between diet and health outcomes ™. This conclusion was mainly based
on the OPEN study, a very large validation study in which valid reference biomarkers
for energy (doubly labelled water) and protein (urinary nitrogen), together with a FFQ
and 24-hour dietary recalls, were observed in 484 healthy volunteers °. However, this
finding is open to question because there was no realistic assessment of within-person
variability in the biomarkers ™. Doubly labelled water was measured twice in a period
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of two weeks and supposed to be representative of a reference period of one year. This
is not very likely as Black and Cole estimated that the within-person variation was
approximately twice as great at an interval of one year compared with having no interval
between the replicates "*'%. Furthermore, the results from the OPEN study cannot be
readily generalized to other FFQs because the values for total energy intake by their FFQ
were substantially lower than for many other FFQs used in current studies ™.

Another study that caused concern about measurement error in FFQs was a small
cohort study from the United Kingdom. A very strong association between total and
saturated fat and risk of breast cancer was observed, if fat intake was assessed with
food records, whereas a weaker and non-significant relation was seen using an FFQ.
This finding may be explained by misclassification of respondents according to their
fat intake by FFQs '*'7. However, in a population that was characterized by a wider
range in dietary fat intake, dietary fat intake assessed by FFQ was associated with
breast cancer '8 This indicates that FFQs are especially useful in populations that are
characterized by a wide range in intake '. In addition, statistical power gained by
including many more respondents in FFQ-based studies, could outweigh the loss from
greater measurement error by FFQs . Thus, although measurement error in FFQs may
be a problem in some studies, FFQs will continue to be an important method to assess
usual dietary intake in nutritional epidemiology.

Development of FFQs

An FFQ must be developed for the aim of a study, assessing the foods and nutrients
of interest in the target population. Until now, development of FFQs is very labour
intensive and asks for specific expertise. First, informative foods for the food list must be
selected. Foods are considered to be informative if they are consumed reqularly, contribute
substantially to the nutrient(s) of interest, and vary in intake between persons 3. As a source
to select informative foods, it is preferable to have food intake data of the population
collected by food records or 24-hour dietary recalls. Foods may be selected from the
database based on their contribution to the level of intake in the population ', or on
their ability to rank respondents according to their intake % In epidemiologic studies, it is
very important to select foods that are able to rank participants according to their intake.
Forward regression is very suitable for this, selecting foods that explain most variance,
taking covariances between nutrient intakes of different foods into account .

The above mentioned procedures select foods at the level of food codes in a food
composition table. For development of an FFQ, related foods must be combined into
food items. For this, decisions about aggregation of food items are made. To assess the
level of intake of an individual or population, the level of intake is often overestimated
when many detailed food items are included ?*%. Thus, for monitoring purposes highly

n
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aggregated food items may be more suitable. However, in epidemiology it is important
to rank individuals accurately according to their intake. For this purpose, food items
at a detailed level are more suitable, because they better capture the between-person
variation in intake. However, a disadvantage of selecting food items at a detailed level
is that it results in a longer food list.

Next, an FFQ is composed from the selected food items by transposing selected food
items into questions about frequency of consumption. Answering categories are added
and further questions about portion sizes and preparation methods may be added,
depending on the aim of the study. Open-ended questions add little to nutrient intake
estimates, because these are often left blank by respondents . After developing the FFQ,
a nutrient database is created for the items on the food list, which is complicated and
requires much consideration *. This database must be accurate and represent current
foods and nutrients of interest % The value for each food item must be based on the
weighted mean composition of all foods represented in the item, applying weights from
the food consumption data used as a source for item selection.

The above procedures create FFQs targeted to assess intake of nutrients of interest
or foods in a population with a specific food pattern. Accordingly, food lists of FFQs
have to be adapted to food consumption habits if used for another population. Also,
food lists must be updated to include new foods that were recently introduced at the
market, when re-used a few years after their initial development . However, it is
very labour intensive to update food lists, nutrient databases and analysis programs
in a standardized way. As a consequence, FFQs are often re-used without updating or
adapting to other populations because researchers do not have the expertise, time, or
resources to do so .

Validation of FFQs

After development, the FFQ needs to be validated in the target population in order
to assess the extent of dietary misreporting, as FFQs cannot measure dietary intake
without errors °. For nutrients that have no biomarkers of intake, ranking by FFQ is
generally compared to ranking by replicates of food records, 24-hour dietary recalls
or a dietary history method. In general, correlation coefficients between FFQ and the
reference method, from 0.50 and higher are considered as sufficiently valid 3. Preferably,
energy and nutrient intake assessed by an FFQ is validated against recovery biomarkers,
for example, energy intake by doubly labelled water, protein by urinary nitrogen, and
potassium by urinary potassium #?8, Recovery biomarkers enable researchers to evaluate
both ranking of participants according to their intake and the level of intake provided by
the FFQ. Urinary nitrogen and urinary potassium are relatively cheap and easily available.
Unfortunately, doubly labelled water is expensive and therefore not generally applied.
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Moreover, all three markers depend on collection of 24-hour urines which is a tedious
procedure, potentially limiting validity of these biomarkers %7.

In addition to recovery markers, concentration markers are often determined to evaluate
the intake of several other nutrients. Concentration markers are suitable to evaluate
ranking of participants according to their intake, but are not suitable to estimate
the level of intake. Examples of concentration markers are polyunsaturated fatty acids
(PUFA) determined in serum cholesteryl esters ?° to evaluate PUFA intake, and carotenoids
determined in serum or plasma to evaluate intake of fruit and vegetables *°. Unfortunately,
for most nutrients no biomarkers of intake are available. In addition, biomarkers can
also not be considered as a gold standard of intake because they suffer from within
person variation in metabolic processes, laboratory variation and day to day variation
in intake. All these factors may result in attenuated observed associations between
intake by FFQ and biomarkers.

Because of the above limitations of biomarkers, it is recommended to include a triangular
comparison between the FFQ, the reference method and a biomarker. This approach, called
the method of triads gives a quantitative estimate of the questionnaire's validity coefficient.
It assumes that correlations between the three measurements are explained entirely by
the fact that all are linearly related to true intake and that their random measurement
errors are mutually independent. The method of triads, a basic estimating technique
in factor and path analysis, is based on fitting a theoretical to an observed correlation
matrix 3?2 However, a major disadvantage of this comparison is a possible overestimation
of the validity of FFQs because of correlated errors between FFQs and 24-hour dietary
recalls or food records **3*. Therefore the questionnaire's validity coefficient is generally
interpreted as an upper limit of the true validity, whereas correlations between biomarker
and questionnaire are interpreted as a lower limit.

A computer system to develop FFQs

Because development of FFQs requires specific expertise and costs a lot of time, we aimed
to develop a computerized system for generation of FFQs using food consumption data as
a basis. Previously, a computer system to devise and process FFQs was developed in the
UK . However, developing an FFQ within this system was still quite labour intensive as
the selection of food items was not automated. Another example was Vofrex, a program
developed in the Netherlands by TNO Quality of Life (formerly TNO Nutrition and Food
Research). This system standardized the selection of food items, on the basis of their
percentage contribution to nutrient intake in a population from food consumption data,
and it included processing of completed FFQs. It decreased the time that researchers
needed to develop and process FFQs and it was relatively quick and cheap. A major
drawback was that the system could not be updated with new food consumption data
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or food items. Also, updating of the databases was done manually item by item. Thus,
computer systems for development and processing of FFQs are still quite limited.

Therefore, we needed a new and more flexible computer system, in which selection
of food items for ranking of respondents according to their intake is automated, and
databases are updated as soon as new databases become available. For this purpose,
experts in dietary assessment from the Netherlands joined their expertise. These
experts were employed by Wageningen University, Wageningen; National Institute for
Public Health and the Environment (RIVM), Bilthoven; TNO Quality of Life, Leiden; and
Department of Epidemiology, Maastricht University.

As a first step, we will describe the general requirements for the system, and will
further specify requirements from an evidence-based, a respondent's and a technical
perspective.

GENERAL REQUIREMENTS

The most important requirement is that the data-based system allows different
researchers in the Netherlands to develop and process food frequency questionnaires
(FFQs) in a standardized way for assessing dietary intake for different research purposes,
and for diverse populations. We specified this in scientific requirements, requirements
from a respondents’ perspective, and technical requirements.

Scientific requirements

The system must be able to generate FFQs from representative food consumption data
using transparent, valid, and reproducible procedures.

Respondent’s perspective

The system must be able to compose FFQs with questions about the consumption of
food items that are familiar to respondents and that are asked in a comprehensive way
with clear answering categories.

Technical requirements

The system must be able to develop FFQs by automatically selecting informative foods and
subsequently generating standard questions using the selected food items. In addition,
it must be able to compute nutrient intakes for the selected food items.
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RATIONALE AND OUTLINE OF THIS THESIS

The overall aim of this thesis was to describe the development of a flexible data-based
computer system to generate, apply, and process tailored FFQs for nutrients of interest
and target groups. To achieve this, we further characterized FFQ design by providing
an overview of FFQ validation studies and an evaluation of the validity of FFQs for
classifying subjects relative to their intake in relation to number of items in the FFQ,
use of portion-size questions, origin of the FFQ, and administration mode (chapter
2). Then, we started developing of the computer system. However, as computations
of regression analyses were complex and demanding we tested a simple method that
selected food items based only on variance in intake, without taking their covariances
into account *. In chapter 3, the new procedure, that explained most of the variance
in nutrient intake without taking other items into account, was compared to forward
regression analyses. To fulfil requirements for respondents, we held a series of focus group
discussions with respondents to improve FFQ questions (chapter 4). We investigated
problems encountered by younger and older respondents when filling out food frequency
questionnaires. Thereby, we focused on three aspects: (1) comprehension of questions,
(2) identification of foods, and (3) problems in assessing frequencies of consumption.
Subsequently, we described the development of a prototype of this system by weighing
information from the above described studies and practical aspects. We further described
the requirements the system needed to fulfil from a scientific, respondents and technical
perspective (chapter 5). In a next step, we developed a first FFQ using the computer
system. To fulfil the scientific requirements, we validated an FFQ generated by the
system against biomarkers and 3-day food records (chapter 6). The main findings from
these studies were summarized and discussed in chapter 7.
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Chapter 2

ABSTRACT

The authors investigated the role of food frequency questionnaire (FFQ) design,
including length, use of portion-size questions, and FFQ origin, in ranking sub-
jects according to their nutrient intake. They also studied the ability of the FFQ
to detect differences in energy intake between subgroups and to assess energy
and protein intake. In a meta-analysis of 40 validation studies, FFQs with longer
food lists (200 items) were better than shorter FFQs at ranking subjects for most
nutrients; results were statistically significant for protein, energy-adjusted total
fat, and energy-adjusted vitamin C. The authors found that FFQs that included
standard portions had higher correlation coefficients for energy-adjusted vitamin
C (0.80 vs. 0.60, p < 0.0001) and protein (0.69 vs. 0.61, p = 0.03) than FFQs with
portion-size questions. However, it remained difficult from this review to analyze
the effects of using portion-size questions. FFQs slightly underestimated gender
differences in energy intake, although level of energy intake was underreported
by 23% and level of protein intake by 17%. The authors concluded that FFQs with
more items are better able to rank people according to their intake and that they
are able to distinguish between subpopulations, even though they underestimated
the magnitude of these differences.




FFQ Design and validity

INTRODUCTION

Food frequency questionnaires (FFQs) are widely used to assess the dietary intake of large
populations. The popularity of FFQs stems from their ease of administration, ability to
assess dietary intake over an extended period of time, and low costs '. They are therefore
often used in epidemiologic studies to investigate the relation between diet and disease.
For some purposes, information about level of intake is very important, for example, to set
recommendations for nutrient intake. For most epidemiologic studies, FFQs must be able to
classify individuals correctly according to their dietary intake. However, Bingham and others
have argued that, probably because of misclassification, FFQs are not always able to detect
weak associations 2*. Because of this debate and their established role in epidemiologic
research, FFQs need to be further characterized and subsequently improved.

FFQs differ in the way they are developed and show large variations in design
characteristics, such as number of items or inclusion of portion-size questions. Such
variations could affect reported intakes .

In this study, we first aimed to provide an overview of FFQ validation studies and the validity
of FFQs in classifying subjects relative to their intake in relation to number of items in the
FFQ, use of portion-size questions, origin of the FFQ, and administration mode. A second
aim was to provide an overview of the validity of FFQs in assessing absolute energy and
protein intakes as determined in studies using recovery biomarkers and to establish whether
FFQs can detect known differences in energy intake between men and women.

MATERIALS AND METHODS

Search strategy and study selection

We searched MEDLINE (National Library of Medicine, Bethesda, Maryland) for validation
studies of FFQs that assessed respondents' habitual dietary intake and were published
between 1980 and December 2006. An FFQ was defined as a questionnaire with a food
list and a frequency-response section where subjects report how often each food item
is consumed 7. Search terms used were the Medical Subject Headings (MeSH) “nutrition
assessment,” "questionnaires,” “evaluation studies” OR “reproducibility of results” AND
keywords “food frequency questionnaire” OR "FFQ" AND “validity" OR "validation” OR
the publication type “validation studies.”

Studies that met all of the following inclusion criteria were included in the review:
1) Describing FFQs developed for epidemiologic purposes

2) Addressing habitual diet by reporting at least energy intake but preferably also
intake of other nutrients including total fat, carbohydrates, protein, alcohol,
calcium, and vitamin C
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3) Studying adult populations in the age range 18-82 years with a westernized diet
but not FFQs validated exclusively among those older than age 60 years

4) Validating FFQs with one of the following reference methods: 24-hour dietary
recalls, food records, diet history interview, or recovery biomarkers

Studies that assessed only specific nutrients or food groups such as fruit and vegetable
consumption were excluded from this review.

Data extraction and classification

The following design characteristics of the FFQ were extracted: number of items in the
FFQ (ranging from 44 to 350), use of portion-size questions versus predefined standard
portion sizes, and "origin” of the FFQ, for example, the Willett type & the Block type ?; the
European Prospective Investigation into Cancer and Nutrition (EPIC) type '® and "other
FFQs." We extracted the following validation study characteristics: study size (N), gender
(males, females), FFQ administration mode (interview or self-administration), reference
method (food record, 24-hour dietary recall, or diet history interview), and total number
of days over which the reference method was applied—categorized as a short period
of 1-7 days, a medium period of 8-14 days, and a long period of 15 days or more. We
used 8-14 days as the reference category in the meta-regression analyses because the
24-hour dietary recall method was not applied for 15 days or more.

We analyzed nutrients that covered different aspects of a habitual diet. We included
energy and all energy-providing macronutrients (i.e., protein, carbohydrates, fat, and
alcohol). We added vitamin C and dietary fiber to represent fruit and vegetables and
some other food components, for example, calcium, to represent other specific foods.

Statistical analysis

Ranking

We extracted crude and energy-adjusted correlation coefficients and, if available,
gender-specific and/or gender-adjusted correlation coefficients between FFQs and
reference methods to compare studies with respect to ranking of subjects. Correlation
coefficients were first converted into a standard normal metric by using Fisher's r-to-Z
transformation, expressed in equation [1] ", in which r, is the correlation coefficient
from study i.

1+,
1-r

1

Zr, :%Loge( ) [1]

The transformed effect sizes were then used to calculate an initial pooled average, mean
Zr, in which each correlation coefficient was weighted by the variance, 1/(ni - 3).Then,
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to identify confounders to be used for adjustments in meta-regression analyses, we
stratified these correlation coefficients by sex, type of reference method, category of
number of days that this method was applied, and administration method. The weighted
averages, mean Zr, were also used to perform the Cochrane Q test for heterogeneity
between studies for the assessed nutrients, expressed in equation [2] '

0= i(ni -3)(Zr, - meanZr) (2]

i=1

This test had a p value of <0.0001 for all nutrients, which indicated that the correlation
coefficients from the validation studies were heterogeneous.

Following the heterogeneity test, random-effects meta-regression was conducted to
explain this heterogeneity by FFQ design characteristics using the restricted maximum
likelihood approach, as per Thompson and Sharp ™. For each nutrient, number of items
as a continuous variable, use of portion-size questions or standard portions, FFQ origin
—Willett, Block, EPIC, or other— and several potential confounders (gender, reference
method, and number of days over which this method was applied) were regressed
on the transformed correlation coefficients Zr. Weights were assigned based on the
variance (l/(nl. - 3)). Results of the meta-regression are presented as predicted values
of Z, retransformed to r, using a model that included an intercept, a reference period
of 8-14 days, an average value of 0.5 for the indicator variable for sex, and similarly
so for the reference method. All data were analyzed by using STATA 8 software (Stata
Corporation, College Station, Texas).

Validity of absolute intake

To assess energy intake, validity was defined as the difference between the mean levels
of energy intake assessed by the FFQ minus the mean levels of energy expenditure
determined by the doubly labeled water method. For protein intake, it was defined as
the difference between protein intake assessed by the FFQ and protein intake estimated
from 24-hour urinary nitrogen excretion. If only nitrogen excretion was reported in the
paper, we estimated protein intake by assuming that urinary nitrogen was excreted as a
constant proportion of 80 percent of total nitrogen intake ', and 16 percent of protein
is nitrogen 5. Thus, protein intake was estimated from the following formula:

protein = 6.25 x (urinary N/0.80).  [3]

Validity of gender differences in energy intake

To evaluate the extent to which gender differences in energy intake could be detected
by FFQs, we extracted gender-specific mean energy intake, including standard deviations
(if not available, we assumed it was 3 MJ because this mean of standard deviations
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was reported in 31 other included studies) and N, or the standard error (SE) for mean
energy intake. We subtracted the mean level of energy intake of the women estimated
by each FFQ (FFQ,,, ) from that of the mean level of the men (FFQ, ), and we did

the same for the reference method (Ref,  and Ref, ).
Gender difference FFQ:
FFQ,,, - FFQ,pp0, £ \/SE}g  +SEpy, [4]

Gender difference reference method:

Ref,. -Ref,, i\/SEéefW +SE, [5]

We tested whether there was a difference between both results by using an independent
t test.

RESULTS
Description of studies

The search procedure resulted in 40 papers (table 2.1) describing 42 FFQs that matched the
inclusion criteria. The majority of FFQs were validated against 24-hour dietary recalls 52
or food records 926, One FFQ was validated against a diet history method *, two FFQs
against 24-hour dietary recalls and doubly labeled water *'°?  and one FFQ against doubly
labeled water only 3. Six FFQs 8437414649 were developed from the Willett FFQ 8. For this FFQ,
an extensive food list was shortened by removing infrequently eaten items and including
items contributing most to between-person variance using data from Nurses' Health Study
participants. Willett FFQs included on average 13 (range, 61-131) items and asked respondents
to report their frequency of consumption of a given reference portion size in a table format.
Another six FFQs 1718242829 were developed from the Block FFQ °. This FFQ was developed by
using food items that contributed over 90 percent of the total population intake of energy
and several nutrients in the Second National Health and Nutrition Examination Survey
database . These Block FFQs consisted of an average of 100 items (range, 60-126), and all
asked portion-size questions.

Within the EPIC, project country-specific FFQs were developed including items that
cumulatively contributed most to between-person variance 223404851555 or tg total nutrient
intake ?%; of three FFQs, the method of development was not described 2254, For the EPIC
FFQs, we found 11 validation studies performed in nine countries 620-232527.40454851.56- t\y o
were conducted in the United Kingdom ##° and two in Germany '85'%, We analyzed them
as separate studies. The FFQs validated in the EPIC studies consisted of an average of 154
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items (range, 47-350). Nine of these FFQs included portion-size questions, and two assigned
standard portion sizes. Although FFQ design between EPIC FFQs varied a lot, the design
of their validation studies * was carefully standardized, except for the United Kingdom,
Denmark, and Sweden because they joined the EPIC project at a later stage 7454857 Three
other EPIC validation studies did not match the inclusion criteria 8-,

The "other FFQs" were also developed by including items contributing most to between-
person variance or to total population intake. We included 19 FFQs as "other FFQs" 19:2426:30-
36,38,39.42-4447.505253 They consisted of an average of 139 items (range, 44-250); 15 of them
included portion-size questions, and four assigned standard portion sizes.

Between study differences in ranking subjects

For all nutrients, pooled correlation coefficients between FFQ and reference methods
ranged from 0.45 for energy and protein to 0.74 for alcohol (table 2.2), and energy-
adjusted correlation coefficients were 0.02-0.08 higher for most nutrients, except for
vitamin C (0.05 lower). There were differences between studies due to gender and the
reference method used, although they were not statistically significant (table 2.2). As
expected, for most nutrients, correlation coefficients were significantly higher when
the reference method was used for 8-14 days than for 1-7 days (table 2.2). Correlation
coefficients did not increase further when the reference method was used for 15 days
or more. For all nutrients, we also looked at the number of consecutive days on which
a food record was kept and found that correlation coefficients were lower when the
reference method consisted of food records kept for more than 5 days consecutively.
After energy adjustment, these differences became less pronounced or even reversed.

We observed no statistically significant differences in correlation coefficients between
the interviewer- 202936 gnd self-administered FFQs regarding the nutrients considered
(table 2.2).

Heterogeneity by FFQ design characteristics

In the meta-regression analyses, we observed that FFQs with longer food lists (200
items) had 0.01-0.17 higher correlation coefficients than FFQs with shorter food lists
(100 items) for most nutrients (table 2.3). Correlation coefficients were even higher
for longer food lists for crude protein (0.56 for 200 items vs. 0.46 for 100 items, p =
0.002), energy-adjusted protein (0.68 vs. 0.51, p < 0.001), energy-adjusted total fat
(0.68 vs. 0.59, p = 0.02), and energy-adjusted vitamin C (0.68 vs. 0.51, p = 0.001; table
2.3). The diet history method was used in only one study and therefore was excluded
from main analyses.

FFQs with portion-size questions had much higher correlation coefficients for energy-



970 6G°0 950 SL°0 €9°0 S¥'0 50 €70 S€ EIEN
V50 >1S°0 51G°0 2¥5°0 »8G°0 Badl) -05°0 -09°0 14 AIMIIAIU|
poydw uoressiuIwpy
[A740] 9t°0 S¥°0 ¢80 80 S¥'0 9¥°0 810 ol paisnipeun ‘yjog
[As)] 090 JASKV] SL°0 S0 S¥'0 LV'0 8€0 9¢ USWOM
v0 €90 950 990 LS0 6%°0 S0 vv0 6l U
13pudg
SansialdeIRyYd uonendog
950 [AN0] 650 080 GG°0 267°0 v¥0 97’0 0] S1<
970 990 JASN) 9.0 890 elG0 ¥S°0 870 L1 ¥1-8
L¥0 90 50 690 S¥°0 €€0 650 LEO €l -1
paidde sem poyraw
9DUI3J3J JBY) SAEp JO "ON
9€0 §SG°0 €50 8.0 0S50 90 LG50 [4A740] ol SAep 3A1INJ3SU0D 9% Y
6%°0 €9°0 650 8.0 €90 LY'0 650 950 91l SAep AIINIISUOD 9> Y4
v¥0 650 950 8.0 1G°0 LY0 950 €90 9C ptdd
810 SG°0 S50 69°0 950 9’0 6%°0 o €l pdH-¢C
VN VN VN VN VN VN pVN LLO L Aoysiy 321Q
POYIdW DUIJAY
SJ13S11939BJBYD ApN)S UoIjepIjeA
(¥£0-52°0) (z8°0-910)  (S5£°0-02°0) (06°0-6Z°0) (££0-5z0) (0L0-¥L'0) (88°0-8L°0) (££0-91°0)
970 8G°0 S50 L0 €9°0 S¥'0 €90 S¥'0 (4 (abues) s 3pni)
(A% LT S¢ Lc [4S 0€ q€ (0% oY »S044 40 'ON
10y elul
Aleyaig J ulweyp wne) [oyody  a1elpAyoqle) u13104d ey 810 ABJaug ,SD44 40 "ON

| Chapter 2

30

SaLpNIS UoLepLeA Y}

40 SJ1ISLIdIdEIEYD A PIYLIELS SPOYIDW UYL PUB SO UIMI] SIUdLINU pue ABIUD 104 (SIUIDLJI0D UOLE[IL0D PI|00d Z°Z d]qel.



31

FFQ Design and validity |

SO G> UO PIseq , "PL0d3L POOJ ‘Y4 (poyIaw (|l A1eILP INOY $T “YH-+T I[GB[IBAR JOU ‘YN , "SIULINU [[B pIpNPUL SDAA [[B Jou

{K10633183 S1y) ul SPAA JO JquInuU WNWIXB 5 'SPOYIAW UYL PUk (SPAH) Saiteuuonsanb Aduanbaly pooy usamiaq SIUIDLJI0D UOLE[ILIOD 0) PIWLIOJSUBLIAL DDUBLIEA

Aq paybam ‘sanjeA pawiojsuel)-z se pajood S} nsay  d1ISLIIBIRYD SIYY AJUO PauLeIuod Jey) [dpouwt e Buisn saskjeue uoissaibai-elaw Aq dgsualdeleyd siyy 10y G0°0 > d .

2190
50
6€0

19°0
550
26€°0

LG50
65°0
650
870

(¥£'0-¥T0)
90
9l

35€°0
650
6%°0

6%°0
50
3750

50
[44Y)
¢S0
S50

(6£'0-61°0)
€50
Ll

250
19°0
¥9°0

90
79°0
265°0

850
€90
650
2590

(1£'0-6€°0)
19°0
vl

BE7Al)
8.0
L0

278°0
180
€70

9,0
080
8/°0
L0

(06'0-2€0)
940
€l

2090
S50
090

€50
90
0S50

850
LSO
LS°0
LSO

(5£'0-9€°0)
19°0
8l

3650
S¥°0
0S50

S0
¢55°0
2¢C0

€50
90
150
Y0

(9£'0-91°0)
6%°0
Ll

3¢90
850
150

550
550
2190

S0
S0
LS°0
50

(¢8°0-£20)
990
6l

S
€l

oL

[44

paisnipeun ‘yiog
UWIOM
U
J3puln
S13S1IRdeIRYD Uolje|ndoy

§1<
1-8
L-1
paldde sem poylaw
JUIJ2 JeY) SAEP JO 'ON
SABp 3AIINIISUOD 92 Y
JAIINIISU0I SABpP 9> Y
KE|
dH-v¢
poyIaW DUAIRJRY
S213S11939B1EYD ApNIS UOIIBPIIEA

(36uea) s psnipe-Abiaug
»S044 40 "ON



32

Chapter 2

Table 2.3 Correlation coefficients® calculated from predicted values in a meta-regression model
for energy and nutrients between FFQs and reference methods by characteristics of the FFQ

No. Energy  Total Protein Carbohydrate  Alcohol ~ Calcium  Vitamin  Dietary
of intake  fat C fiber
FFQs®

Crude correlation coefficients

No. of FFQs® 39 39 35 30 32 21 25 27 32
Design characteristics
FFQ size
100 items 0.52 0.51 0.46 0.55 0.80 0.58 0.56 0.52
150 items 0.52 0.54 0.51° 057 0.80 0.60 0.60 0.53
200 items 0.53 0.56 0.56° 0.58 0.80 0.63 0.64 0.53
Portions®
Standard n 0.46 0.52 0.55 0.56 0.72 0.67 0.68 0.45
portions
Portion-size 28 0.52 0.54 0.51 057 0.80 0.60 0.60 0.53
questions
Origin’
Willett 6 0.51 0.42 0.46 049 0.36° 0.649 0.679 047
Block 6 0.58 0.53 0.509 0.56 0.429 0.569 0.63¢ 0.58
EPIC " 0.48 0.53 049 0.55 0.82* 0.529 0.53 0.44
Other 16 0.54 0.48 0.44 0.52 0.83* 053 0.48° 0.55
Energy-adjusted correlations
No. of FFQs* 22 19 17 18 13 14 17 16
Design characteristics
FFQ size
100 items 0.59 0.51 0.59 0.68 0.68 0.51 0.54
150 items 0.64° 0.61° 0.63 0.76 0.69 0.60° 057
200 items 0.68%9 0.68%9 0.669 0.81¢ 0.70¢ 0.68%9 0.599
Portions®
Standard 9 0.66 0.69 0.63 0.61 0.68 0.80 0.50
portions
Portion-size 12 0.64 0.61° 0.68 0.76 0.69 0.60? 0.57
questions
Origin®
Willett 5 0.52 047 0.61 0.36 0.68 0.69 0.56
Block 2 0.62¢ NAsh 0.639 0.529 NAJ NAY 0.62%9
Epic 5 0.64 0.61 0.59 0.82* 0.63 0.50 0.55
Other 10 0.42 0.56 0.58 0.85 0.66 0.522 0.61

2 p < 0.05 in meta-regression analyses. ® Results of the meta-regression are presented as predicted values of Z,
retransformed to correlation coefficients between food frequency questionnaires (FFQs) and reference methods,
using a model that included the intercept and a reference period of 8-14 days, and at an average value of 0.5
for the indicator variable for gender and also at an average value of 0.5 for the reference method. ¢ Maximum
number of FFQs in this category; not all FFQs included all nutrients. ¢ Including the use of portion-size
questions in the meta-regression model; 100 items was used as the reference. ¢ Including 150 items on the FFQ
in the meta-regression model; standard portions were used as the reference. " Refers to FFQs developed from, for
example, the Willett type &, the Block type °, the EPIC type '°, and “other FFQs”; the Willett FFQ was used as the
reference. 9 Based on <5 FFQs. " NA, not available.
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adjusted alcohol than FFQs with predefined standard portions (0.76 vs. 0.61), although
they were not statistically significant (p = 0.23). On the contrary, FFQs with portion-size
questions had significantly lower correlation coefficients for energy-adjusted protein
(0.61 vs. 0.69, p = 0.03) and for energy-adjusted vitamin C (0.60 vs. 0.80, p < 0.001)
than FFQs with predefined standard portions. For other nutrients, correlation coefficients
were 0.08 lower to 0.08 higher for FFQs with portion-size questions compared with
standard portions.

Regarding origin of the FFQ, we observed that correlation coefficients for most crude
macronutrients were higher for Block and EPIC FFQs than for Willett and "other" FFQs.
For calcium and vitamin C, Willett FFQs performed better, and, after energy adjustment,
other correlation coefficients improved for Willett FFQs.

Table 2.4 Mean energy intake reported by the FFQs* compared with mean energy expenditure
determined by doubly labeled water, and mean protein intake reported by the FFQs compared
with protein intake calculated from nitrogen excreted in urine

First author, Mean intake Reference
year reference no. reported by the method
No. of Fra Repetitions Underestimation
. ] reference )
Doubly labeled subjects Energy intake Energy method in FFQ (%)
water (MJ/day) expenditure
(MJ/day)

Andersen, 2003 2 17 women 8.28 9.23 1 (10 d?) 1
Kroke, 1999 28 men and 9.05 11.23 1(14 d) 19

women
Subar, 2003 52 245 men, 206 7.90 for men, 11.92 for men, 1(11-14 d) 34 for men,

women 6.11 for women 9.53 for women 36 for women
Protein Protein intake Protein excretion

(g/day) (g/day)

Kroke, 1999 *' 75 men, 75 97 4xin 1y? 23

59 women
Ocke, 1997 2 46 men, 92 for men, 99 for men, 4xinly 7 for men,

43 women 71 for women 81 for women 12 for women
McKeown, 2001 © 57 men, 89 for men, 100 for men, 6x in 9 m? 18 for men,

77 women 78 for women 77 for women 12 for women
Riboli, 1997 * 29 men, 95 for men, 78 for men, 8xinly -18 for men,

24 women 76 for women 62 for women 25 for women
Bingham, 1997 % 156 women 82 77 4x2din -6

Ty

Subar, 2003 %2 202 men, 71 for men, 104 for men, 2% in 14d 32 for men,

150 women 55 for women 77 for women 29 for women

2 FFQs, food frequency questionnaires; d, days; y, year; m, months.
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Callmer, 1993*
Riboli, 19974

Ocke, 1997%
Tjonneland, 19914
Subar, 2001 (DHQ)
Subar, 20012* (Block)
Katsouyanni, 2002%°
Flagg, 2000'®
Johansson, 2002%°
Pisani, 1997%
McKeown, 20014
Brunner, 2001%°
Jain, 2003"

Subar, 20012* (Willett)

. @® FFQ with portion-size questions
O FFQ with standard portions

Energy intake men — women: FFQ (MJ)

0 T T T T :
0 1 2 3 4 5
Energy intake men —women: reference method (MJ)

Figure 2.1 Mean energy intake of men minus mean energy intake of women according
to the food frequency questionnaire (FFQ) and reference method including the 24-hour
dietary recall method or food records. The boxed key lists the first author’s name, year of
publication, and reference number of the study corresponding to the numbered circles in
the figure. DHQ, diet history questionnaire.

Validity in absolute intake

Absolute energy intake estimated by FFQs was validated against energy expenditure
estimated with the doubly labeled water method 5'-%%, Two FFQs in small European
studies underestimated energy intake by 11 percent and 19 percent *'. In one large
study conducted in the United States, energy intake was underestimated by 34 percent
for men and 36 percent for women %2, and protein intake was underestimated by 32
percent for men and 29 percent for women. Five EPIC FFQs were also validated against
level of protein intake estimated from urinary nitrogen excretion 222740455152 (tgple
2.4). In these studies, estimation of protein intake varied from an underestimate of 23
percent to one study that overestimated protein intake by 18 percent for men and 25
percent for women ©'. In the latter study, the longest FFQ with 350 items was applied.

Gender-differences in energy intake

Because the goal of FFQs is to distinguish subpopulations that differ with respect to
nutrient intake, we tested whether FFQs are able to detect a "known" difference in energy
intake between men and women. On average, the gender difference in energy intake
was smaller according to FFQs (2.09 MJ for men minus women, 95 percent confidence
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interval: 1.62, 2.56) than according to the reference methods (2.62 MJ, 95 percent
confidence interval: 2.24, 3.00). Thus, on average, FFQs underestimated the gender
differences in energy intake compared with the reference methods (figure 2.1) by -0.53
MJ (95 percent confidence interval: -1.13, 0.07, p = 0.09 using an independent t test).
Exceptions were the two longest FFQs *'#5, consisting of 250 and 350 items, respectively;
they overestimated the difference in energy intake between men and women. The three
FFQs that did not include portion-size questions 2% found on average a smaller gender
difference than FFQs that asked portion-size questions 1824314548

DISCUSSION

This quantitative review of studies validating FFQs shows that the number of items in
the food list is the major determinant in ranking subjects with respect to their intake (for
100 extra items, correlation coefficients increased by 0.01-0.13). In general, portion-size
questions and FFQ origin influenced ranking of subjects only slightly.

An important point of discussion is comparability of the studies included in this review.
We aimed to address differences in characteristics of FFQ design and not of study design.
We increased comparability by restricting our analyses to FFQs developed to cover the
complete diet and validated among adults with Western food habits, and we adjusted
for potential confounders such as the reference method and the total number of days
this method was used. There were differences in the design of the validation study:
correlation coefficients were lower when food records were used for more than 5 days
consecutively. However, this finding did not influence our results because there were
also numerous studies included with another design.

In this study, we were not able to adjust for differences in energy needs or underreporting
related to body weight and physical activity because these data were available for
only four studies. To account for this limitation, we evaluated both crude and energy-
adjusted correlation coefficients because energy adjustment leads to a focus on the
relative composition of the dietary pattern ¢ and it has been suggested that it reduces
correlated errors between the FFQ and reference methods .

In addition, variation in FFQ design was limited: the FFQs varied in the number of items
and the use of portion-size questions, but differences in the reference period and the
administration method were limited, prohibiting conclusions regarding the latter. Finally,
we accounted for unknown between-study differences originating from study design
and population by using a random-effects model in the meta-regression.

Our analyses showed that FFQs with a longer food list (200 items) were better at ranking
people than FFQs with a shorter food list (100 items). These findings were clearest for
protein and total fat, which are calculated from many different food sources. In the
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development phase of an FFQ, similar items are grouped together into items whose
composition can be heterogeneous; an example is 20 different meat items combined
into two items on the FFQ. Sometimes, items that contribute not much to total intake
are omitted although they were important in explaining between-person variance. In
summarizing, our results regarding the number of items should be used as an argument
not to reduce the length of the food list too much when developing FFQs to rank persons
according to nutrient intake.

Results of the meta-regression analyses showed that inclusion of portion sizes did not
consistently affect the ranking of different nutrients. Ranking was worse for protein
and vitamin C determined by FFQs that used portion-size questions instead of standard
portions, and ranking improved for alcohol when FFQs used portion-size questions. An
explanation for this unexpected finding might be that, for some foods such as vegetables,
it is difficult to indicate how much was eaten, especially when they are part of mixed
dishes ®. It might be easier to quantify the number and amount of alcoholic drinks;
alcohol intake is ranked relatively well compared with other nutrients .

An important disadvantage of using standard portions is that interindividual variance
decreases ®%’. However, two validation studies in Denmark and the Netherlands found
only small differences when analyzing FFQs using information from the portion-size
questions compared with analyzing the same FFQs using standard portions %%, These
small differences may reflect that quantification of portion sizes is of minor importance
compared with frequency, that the relevant individual portion sizes were not estimated
correctly ®, or that portion sizes listed do not correspond well with portions actually
consumed. For example, actual portion sizes (e.g., super size) are probably much larger
than standard portions used by US Department of Agriculture and the Food and Drug
Administration 7°”'. Portion sizes were also estimated in different ways in the FFQs
analyzed by including photographs, descriptions, and household measures such as
spoons. Thus, it must be taken into account that portion-size questions do not always
improve the performance of FFQs or that methods to estimate portion sizes should be
improved.

The novelty of this review compared with previous reviews of FFQs 7¢76872 is that we
specifically analyzed the association between design characteristics of FFQs and their
validity. Three other studies specifically compared the validity of Block- and Willett-type
FFQs 24737 A limitation of our review is that we could not disentangle the effects of type
of questionnaire —Block or Willett FFQs— from the effects of use of portion-size questions
and number of items. We did not have enough power to do so because only six Block and
six Willett FFQs were included in the models. In general, we found that the Block FFQ
performed better than the Willett FFQ, but, after energy adjustment, results regarding
the different types were more comparable. This finding was also observed previously 2.
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Apart from ranking subjects for etiologic studies, FFQs are sometimes used to assess
absolute level of intake, for example, to calculate the percentage of a population that
meets recommended dietary intake guidelines. We found that FFQs validated against
recovery biomarkers underestimated the level of energy intake on average by 20 percent
and the level of protein intake by 11 percent; thus, they are not suitable to assess levels
accurately. However, FFQs are able to distinguish between subpopulations, as indicated by
the analyses of the gender differences in energy intake. This difference was very similar
to the gender difference found in a review that used doubly labeled water to estimate
mean energy expenditure ’. These results showed that the average difference in energy
intake was much smaller when standard portions were used. This is an argument to use
at least sex-specific standard portions.

Our review shows that the number of items on the FFQ should not be reduced just
because of the length of the food list; doing so might reduce the validity of the FFQ. In
addition, portion-size questions do not improve FFQs for all nutrients. We should pay
attention to this factor in the development process or by improving methods to estimate
portion size. In addition, our review shows that FFQs are able to distinguish between
subpopulations, although the magnitude of these differences is underestimated.
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ABSTRACT

The authors automated the selection of foods in a computer system that compiles
and processes tailored FFQs. For the selection of food items, several methods are
available. The aim of this study was to compare food lists made by MOM2, which
identifies food items explaining most of the variance in intake of the nutrients of
interest without taking other items into account with food lists made by forward
regression and to compare both procedures. Food items were selected for the nu-
trients of interest from two days of recorded intake in 3524 adults aged 25-65y.
Food lists by 80% MOM?2 were compared to those by 80% explained variance for
regression on differences between the number and type of food items, and were
evaluated on 1) the percentage of explained variance and 2) percentage contribu-
tion to population intake computed for the selected items on the food list. MOM?2
selected the same food items for calcium, a few more for fat and vitamin C, and
a few less for carbohydrates and dietary fiber than forward regression. Food lists
by MOM?2 based on 80% of variance in intake covered 75% to 87% of explained
variance for different nutrients by regression and contributed 53% to 75% to total
population intake. Concluding, selections by variance in nutrient intake or MOM?2
is a practical procedure for developing food lists for FFQs and its selections are
comparable to those by regression analysis.




Procedures for selecting food items for FFQs

INTRODUCTION

Food frequency questionnaires (FFQs) are commonly used to assess dietary intake in
large epidemiologic studies '. Despite comments on their validity FFQs will continue to
be used as they can be distributed in much larger populations than food records 2 and
are able to assess intake with a longer reference period than for example food records
or 24-hour dietary recalls.

Basically an FFQ consists of a food list enumerating the most informative food items
for the purpose of a study. A food list should be as short as possible because long lists
are less cost and time efficient, may bore respondents and make them less motivated
to fill out an FFQ 3. Informative food items need to fulfill three general characteristics.
The food must be consumed regularly, contribute substantially to the nutrient(s) of
interest, and be able to rank individuals according to their intake, i.e. varying in use
between persons *.

Willett * describes three different procedures to select informative food items. A simple
procedure identifies food items with a high nutrient content from published food
composition tables. However, this approach might lead to inclusion of food items that
are consumed infrequently. The second procedure uses open-ended food intake data
from a population, such as those obtained by food records or 24-hour dietary recalls.
Food items are selected on the basis of their percentage contribution to nutrient intake
in a population “. This selection procedure is simple and suitable if the purpose of the
FFQ is to estimate the absolute level of intake in a population. A third approach, forward
regression, uses similar data but predicts the food items that explain most variance,
taking covariance between nutrient intakes of food items into account. This selection
procedure is very suitable if the purpose of the FFQ is to rank or classify individuals
according to their intake e.g. in epidemiologic studies.

It is essential that the food list of an FFQ is adapted to relevant new foods introduced on
the food market, food patterns in the target population and to nutrients of interest °. For
this reason, it is recommended to develop new FFQs for each study; however, as this
process is highly labor-intensive, often existing 'old" questionnaires are reutilized or
modified . To facilitate the development of tailor-made FFQs, the authors devised a new
computer system in which food lists will be automatically generated and updated in a
standardized way. For item selection, this computer system will use food consumption
databases of the population of interest and food composition tables.

For this computer system, we needed a feasible approach to select relevant food
items automatically from the databases. The second approach described by Willett,
which includes food items highly contributing to the level of nutrient intake of the
total population could be incorporated relatively simply into our computer system.

47



48

Chapter 3

Incorporation of the third approach, described by Willett, using forward regression is
much more complicated. Forward regression evaluates many different combinations
of food items and their estimated regression coefficients in order to provide the
combination that explains the highest variance in nutrient intake based on their variance
and covariance. This process overloads the computer system, because large databases
are used and regression analysis tests all possible combinations in search of the most
optimal combination of food items. An alternative method simply selects food items
based on variance in nutrient intake only. Since this method does not take covariance
in nutrient intake of different food items and their estimated regression coefficients
into account, and tests only one combination of food items 7, it does not overload the
computer system. This procedure, refers to the second moment (the variance) of the
nutrient intake distribution and was therefore previously 7 called MOM2.

As the above mentioned selection procedures select foods at the level of food codes in a
food composition table, related foods are combined into food items after the procedure.
Because this grouping is often quite arbitrary *, we developed standardized hierarchical
levels of food groups for use in the computer system.

The aim of the present study was to compare food lists made by MOM?2, which identifies
food items explaining most of the variance in nutrient intake without taking other
items into account with food lists made by forward regression and to compare both
procedures.

METHODS
Data

Food consumption data of the Dutch National Food Consumption Survey of 1997/1998
were used for selecting food items. This dataset comprised 6250 non-institutionalized
persons aged 1-97 y in 2564 households, representative of the Dutch population
according to sociodemographic characteristics & For the present illustration of the
method, data of a subpopulation of 3524 adults between 25 and 65 years of age were
used for analyses.

Information on food consumption in this dataset was obtained with a two day food
record and the average intake on these two consecutive days was used. The foods
consumed at home were recorded in a household diary for all individual members of
the household by the person usually engaged in preparation of the meals. Consumption
out of home was recorded by every participant in a personal diary. Food consumption
data were collected during 40 wk/y and for the total population evenly distributed over
the seasons and all days of the week.

Nutrient intake was calculated using the Dutch food composition table, NEVO 1996 °.
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Choice of nutrients

In order to study the suitability of the selection procedures, various nutrients that
represent different aspects of the food pattern were incorporated. We focused on
carbohydrates and fat to represent the energy-yielding macronutrients. To these, we
added vitamin C as a representative nutrient for vegetables, fruit and vitamins, dietary
fiber for vegetables, fruit and cereals, and calcium for dairy foods and minerals.

Grouping of food items

Food items may be enquired at different aggregation levels depending on the level of
detail required for the purpose of the study. Therefore, we divided foods into several
subgroups at different levels of aggregation. Foods in the Dutch food composition table
are combined into 24 food groups such as ‘bread’, 'fruit’ and 'vegetables’ These food
groups comprise a large number of foods, and are not suitable for being used as items
in an FFQ. Therefore, these 24 food groups, regarded as hierarchical level one, were
further subdivided into smaller food groups at four hierarchical levels of aggregation
of food items. This was done by two dieticians based on similarity in eating occasions,
portion sizes and nutrient contents. In total 87, 237, and 356 food items were present
at aggregation levels two, three and four, respectively. An illustration of this subdivision
is given for dietary fiber in bread (figure 3.1).

Level 1 Level 2 Level 3 Level 4 Level 5
‘Food group in food ‘Aggregated  ‘In between'  'Detailed ‘Food codes' in food
composition table’  food items' food items' composition table
Bread Bread and —» Whole bread
bread rolls
Wheat bread
White bread
Raisin bread
Croissants
Rye bread Dark rye —» 3 food codes for
bread different types of
dark rye bread
Light rye
bread
Rusk and
crackers

Figure 3.1 Example of aggregation levels for the food group ‘ Bread'
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Statistical methods

Selection of food items by MOM?2

We selected food items using MOM?2, i.e. a procedure that identifies food items starting
with those that explain the largest variances in nutrient intake ”. This method does not
take covariance in nutrient intake of different food items into account, and tests only one
combination of food items. In order to select food items, individual nutrient scores were
calculated for all food items. This score F, is defined as the amount of nutrient consumed

by individual i (i=1,...n) in food item j (j=1,...k). Nutrient scores over k subsequently

k

selected food items add up to W, i.e. ZFij = W, . For the selection process, foods
J=1 "

are ranked on the basis of the variance in their nutrient score var FJ = Z(Fij - FJ.)Z,
i=1

with F; the mean nutrient score of food item j over all individuals. For the selection

of food items R 'was computed i.e. the ratio of the variance in nutrient intake in the

selected subset of food items W, to the variance in the total nutrient intake Z, over
total

all food items in the dataset i.e. ZFlJ = Z,.The selection of food items was stopped
j=1

when it exceeded a preset criterion, i.e. 80% of W, over Z; thus

R, =Q.W,-WY > (Z,-Z7)*100%  [1]
i=1 i=1
In this formula Wrepres_ents the mean nutrient intake for all individuals from
selected food items and Z represents the mean nutrient intake for all individuals
from all food items in the dataset.

Food items were selected per nutrient and for three different aggregation levels of food
items separately. These were aggregation levels two, three and four, an illustration of this
subdivision is given for dietary fiber in bread (figure 3.1). For an overview of selection
procedures see table 3.1.

Selection of food items by forward regression analysis

Forward regression analysis was used as reference method to identify food items that
explain most of the variance for each nutrient. Total nutrient intake (Zi) obtained by
all food items for all individuals i (=1,...,n) in the dataset was regressed on nutrient
score Fij

n n
Zi =0, + ZociFij + €,'%. Forward regression analysis adds food items to the selection
i=1

i=1
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starting with those with the highest predicted explained variance based on total nutrient
intake and their estimated regression coefficients. This method does take covariance in
nutrient intake of different food items into account, and tests all possible combinations
of food items. The addition of food items stopped if the predicted variance based on
the k selected food items exceeded 80% of the total variance in Z.

R gression = (Z(Z Z)Z/Z(Z - Z)’)*100% [2]

In which Zi represents the predicted nutrient intake for individual i and Z represents
the mean predicted nutrient intake over all n individuals.

Evaluation of selected foods by MOM2

Food items selected by MOM2 were evaluated for each nutrient separately on the
following characteristics:

e Differences in types and number of food items compared to selected
food items by forward regression. A shorter food list was preferred.

e The percentage of explained variance by regression computed for
food lists developed by MOM2 and entered in regression analysis. This
was obtained by squaring the correlation between nutrient intake by
food items on the food list of the FFQ and nutrient intake by the total
dataset. This provides an estimate of explained variance " and is easy
to process because of the limited food list.

For comparison, we used the food items selected by MOM2 and forward regression
to calculate the ‘percentage contribution' * to evaluate the level of population intake
covered of the nutrients of interest, important for practice, see formula [3].

For determining ‘percentage contribution' to nutrient intake, the nutrient scores were
k

added up for the subset of selected items ZFl.j = W, for each individual and divided by

j=1 total

the cumulative nutrient score over the total of all food items, z Fij = Z, ;subsequently
j=1
‘percentage contribution’ to populat|on mtake was calculated by
Percentage contribution = ZW /ZZ *100% [3]

i=1 i=1
With W nutrient intake of subject i from a selected subset of k food items and
Z. = nutrient intake of subject i over all items in the dataset, i.e. the reference
value for total nutrient intake.
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Order of selections for different nutrients

New food items selected for the second and further nutrients were added to the list
of foods selected for the first nutrient. We studied whether the order of selections for
different nutrients influenced the final food list for different combinations of nutrients.
In the first approach, the order was from the nutrient of which 80% variance was
explained by the lowest number to that explained by the highest number of food items.
In the alternative approach the reverse order was used. To study these effects, food
lists developed by MOM?2 with food items defined at aggregation level two were used.
Analyses were done for the following sets of nutrients: vitamin C and carbohydrates,
fat and carbohydrates, dietary fiber and carbohydrates. Finally, we compared the order
of selections for all nutrients in this study: vitamin C, calcium, fiber, total fat and
carbohydrates.

All analyses were performed in SAS, version 9.1 (SAS Institute Inc., Cary, N.C., USA).

RESULTS
Selection by the MOM?2 procedure

Selection at aggregation level two

For the five nutrients of interest, table 3.2 shows the results for the three evaluation criteria,
comparing the MOM2 procedure to the regression approach. An important result was that
food items selected by MOM2, covering 80% of variance R* , also covered at least 80%
of explained variance by regression analysis (table 3.2). MOM?2 selected one or two food
items more for macronutrients than forward regression and the same number of items
for dietary fiber, vitamin C, and calcium. As an example, differences between the 15 food
items included by MOM2 and the 13 included by forward regression for carbohydrates at
aggregation level two were studied in more detail (table 3.3). Eleven selected food items
were identical for both procedures, though the order of their inclusion differed, whereas
MOM?2 included 4 food items that were not included by forward regression. Specifically
both procedures included 'rice’, but MOM2 included 'cooked potatoes’, ‘pasta’, and ‘ready-
to-eat meals' whereas forward regression did not. This is possibly due to the negative
correlation between ‘cooked potatoes and 'rice' r = -0.18, 'pasta’ r = -0.19 and 'ready to
eat meals' r=-0.14.

Food items selected by MOM2 also resulted in slightly higher percentages contribution to
population intake (ranging from 57% for vitamin C to 75% for carbohydrates) than those
by regression analysis (ranging from 57% for vitamin C to 68% for total fat and dietary
fiber). In summary, MOM?2 performed similarly to regression analysis, although MOM2
selected a few more food items than forward regression.
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Table 3.2 Food items selected based on 80% of variance in nutrient intake, MOM2?, compared
to selections that explain 80% of variance by forward regression for carbohydrates, total fat,
fiber, vitamin C and calcium evaluated for food items at three aggregation levels

Aggregation level Level 2 Level 3 Level 4
‘Aggregated food ‘Intermediate’ 'Detailed food items'
items'

Selection procedure ~ MOMZ2*  Regression MOM2*  Regression MOM2*  Regression

Nutrient
Evaluation criteria

Carbohydrates
No. of selected food items 15 13 20 24 24 29
Explained variance by 82 81 76 81 75 81
regression analysis (%)
Contribution to population 75 67 68 68 67 70
intake (%)
Total fat
No. of selected food items n 10 28 25 42 37
Explained variance by 83 81 80 80 82 80
regression analysis (%)
Contribution to population 69 68 66 63 66 63

intake (%)
Dietary Fiber

No. of selected food items 7 7 13 14 17 19
Explained variance by 81 82 77 80 75 80
regression analysis (%)
Contribution to population 70 68 68 61 66 60
intake (%)
Vitamin C
No. of selected food items 3 3 7 6 12 n
Explained variance by 87 87 84 82 82 81
regression analysis (%)
Contribution to population 57 57 60 51 53 51
intake (%)
Calcium
No. of selected food items 3 3 5 5 9 10
Explained variance by 87 87 80 80 79 80
regression analysis (%)
Contribution to population 61 61 56 56 53 54

intake (%)

2 MOM?2 selects food items that explain variation in nutrient intake in a population.

Selection at aggregation level three

At aggregation level three, food items selected by MOM2, covering 80% of variance R* ,
reached 76% of explained variance by regression analysis for carbohydrates to 84% for
vitamin C (table 3.2). MOM2 selected 20 food items for carbohydrates which was less
than the 24 by forward regression. In contrast, MOM?2 included 28 food items for total
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Table 3.3 Food items selected to explain 80 percent of MOM2 compared to selections by
forward regression for carbohydrates at aggregation level 2

MOM?2 selection® Cumulated Forward regression Cumulated
explained variance explained variance
by regression (%) by regression (%)
1 Bread and bread rolls 30 Bread and bread rolls 30
2 Sugar, honey or dessert 46 Sugar, honey or dessert sauce 46
sauce
3 Soft drinks including light 53 Soft drinks including light 53
and sports drinks and sports drinks
French fries 55 Cakes and large cookies 59
Rice 58 Fresh fruit 62
Cooked potatoes? 59 Chocolates, chocolate and 65
candy bars®
Large cookies 64 Rice 68
Fresh fruit 68 Milk and other dairy drinks 70
Alcoholic drinks 69 French fries 73
10 Milk and other dairy drinks 72 Small cookies and biscuits® 75
1 Pasta’ 73 Cake and pie 77
12 Fruit and vegetable juice? 76 Desserts 79
13 Ready-to-eat meals® 77 Alcoholic drinks 81
14 Desserts 79
15  Cake and pie 82

2 Food items included by MOM2, but not by forward regression are printed in bold. ® Food items included by
regression, but not by MOM2 are underlined.

fat compared to 25 by forward regression. Food items selected by MOM2 on aggregation
level three contributed to a slightly higher 'percentage contribution’ of population intake
(56% for calcium to 68% for carbohydrates) than those by forward regression (51% for
vitamin C to 68% for carbohydrates).

Selection at aggregation level four

At aggregation level four, food items selected by MOM2 covering 80% of variance R* ,
reached 75% of explained variance by regression for carbohydrates to 82% for total fat and
vitamin C (table 3.2). MOM2 included 42 food items for total fat, five more than forward
regression, reaching 829% of explained variance by regression. In contrast to this, MOM2
included fewer food items for carbohydrates than forward regression, 24 food items instead
of 29. Results for selection of food items at aggregation level 4 are also shown in figure
3.2. The number of food items included by MOM2 was slightly higher than by forward
regression analysis to reach a similar level of explained variance by regression. Figure 3.2
also shows that the MOM?2 procedure was much more efficient at selecting food items
that explained variance than the ‘percentage contribution’ procedure. With the same
number of selected food items, MOM2 covered even 20 to 30% more explained variance
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for dietary fiber and vitamin C than 'percentage contribution’ In addition, percentage
contribution to total population intake was similar for food items selected by MOM2
(53% for calcium and vitamin C to 67% for carbohydrates) and forward regression (51%
for vitamin C to 70% for carbohydrates).

Order of selecting nutrients

Regarding the order of selections for different nutrients, the total number of food items
selected by MOM?2 differed by at most two food items. When foods were first selected for
vitamin C followed by carbohydrates, 14 food items were selected, and when the order
was reversed 16 items were selected. For the combination of vitamin C, calcium, fiber,
total fat and carbohydrates 23 food items were included, and 22 for the opposite order.
The percentage of explained variance reached by regression analysis for both selections did
not differ by more than 3%. Selections made first for nutrients of interest explained by the
lowest number of food items, followed by those explained by a high number of food items,
led to lowest total number of food items at the highest level of explained variance.

Table 3.4 Effect of order selections for different nutrients on the number of selected food
items, explained variance of the nutrients for two opposing orders

Order Order of starting selections: ‘Reverse order’
nutrients with the lowest
number of selected foods to that
with the highest number

Nutrients No. of Explained variance No. of Explained No. of
food items by regression (%) * food variance by identical food
items regression (%) * items
Vitamin C and 14 90 16 90 14
Carbohydrates 73 74
Carbohydrates and 21 84 22 83 20
Total fat 85 87
Dietary fiber and 17 86 18 87 17
Carbohydrates 80 82
Vitamin C and 23 94 22 94 20
Calcium 91 91
Dietary fiber 91 90
Total fat 83 86
Carbohydrates 83 80

2 Explained variance was calculated by regression analysis for all selected food items.
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DISCUSSION

For automated selection of informative food items for the food list of an FFQ, we
evaluated a simple selection procedure, MOM?2, which selects food items explaining
the highest degree of variance in intake of selected nutrients. This simple approach
was compared to food lists derived from forward regression that also takes covariance
in nutrient intake into account. Food lists developed by MOM2 and forward regression
were similar. Because MOM2 did not take covariance into account it included a few
more food items in order to reach a similar level of explained variance by regression. As
a consequence the percentage contribution to total population intake of the nutrients
was slightly higher.

A novel aspect of our study is that we evaluated MOM2 for the selection of food items
for a food list of an FFQ using food consumption data collected with an open method,
whereas previously MOM2 was used to shorten the food list of an existing FFQ 7. MAX_r,
another selection procedure tested by the same authors, was not feasible to include in
the present study, as it requires testing of all possible combinations of food items, even
more than regression analysis that already overloaded the new computer system 2. MOM2
was considered feasible and differences relative to regression depend on the dataset
from which food items were selected. An important advantage of our dataset was
that many different food items were included. An important limitation of the dataset
used in our study was that it was not optimal for regression analysis. Since only two
subsequent food record days were available of each subject, between person variance
in this dataset was artificially high since this also contains part of day-to-day variation
within persons . Also, the dataset included multiple persons from the same household,
lowering between person variance in food intake and increasing correlations between
foods. With more recording days, the dataset would have better reflected the usual
dietary pattern of individuals and been more suitable to select informative food items
for an FFQ by regression analysis. Without covariances in food consumption, MOM?2
and forward regression would have selected identical sets of food items 7. Although
covariances between food items exist 7, variances (reflecting between-subject variation)
for many food items are much larger than covariances, and therefore dominate the
selection process resulting in comparable food lists by MOM2 and regression. This
justifies the use of a much simpler method such as MOM2, which does not optimize
the selection like forward regression.

To compare the performance of FFQs developed by MOM?2 with those developed using
other procedures, we included food lists developed by MOM2 in regression analysis and
computed the explained variance. Explained variance, computed for food lists developed
by MOM2, was only O to 5% less than for food lists developed by forward regression. The
percentage contribution tended to be higher for MOM?2 than for regression, especially
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at the most aggregated levels of food items, because food lists by MOM2 contained
more food items due to the fact that covariances were not taken into account.

An advantage of automatically generating food lists is that this approach urges scientists
to make the selection process and further decisions explicit a priori, such as the grouping
of food items. In the present study, we compared food lists by MOM2 and forward
regression at different levels of aggregation. To develop an FFQ, food lists generated at
different levels of aggregation need to be put together, for example it has to be decided
whether it is more informative to assess fiber intake by consumption of 'bread’ than
consumption of 'whole wheat bread’, ‘white bread’, ‘croissants' and ‘all other types of
bread' as separate items. Food items at a high aggregation level cover the ‘percentage
contribution' of a nutrient better and result in a short list. This may result in a good
list if the interest of the study is to assess the level of intake. However, in epidemiology
we are more interested in accurately ranking individuals according to their intake and
for this purpose food items at a detailed level are more suitable because they better
capture the between-person variation of intake. However, a disadvantage of selecting
food items at a detailed level is a longer food list. Currently decisions of aggregating
items are based on experience. Optimization processes such as linear programming may
help to decide on the most informative level of aggregation in future. However, a major
limitation is that linear programming does not allow us to combine foods into new food
groups during the process, for example including 'whole bread' and create a new food
group to assess ‘all other types of bread’ This new group may be important because
all types of bread that are on their own not relevant enough for assessing fiber intake,
may be relevant in their combination. Grouping of food items is often not explicitly
described in literature, but for future research it would be important to automate this
process and make it more transparent.

We focused on the statistical methods relevant to the selection of food items in an
automated system, however, other factors are also important in developing FFQs.
The way in which food items are grouped may also affect responses. For example,
respondents may underestimate their food intake if fewer food items are included in
the FFQ '*, whereas increasing the number of items may lead to overreporting '. The
order in which food items are listed in the FFQ also influences responses ¢, for example
putting specific items in the FFQ prior to general items was shown to increase reported
intake . Moreover, it is important that a food list is comprehensible for respondents,
and it may be desirable to add extra food items if this increases the face validity of
FFQs. Modifications that increased comprehensibility improved validity of estimates
of nutrient intake 8. All these factors support using a simpler method such as MOM2,
because the precision gained by using forward regression is limited compared to the
impact of above mentioned factors.
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A problem in generalizing our findings to developing food lists for complete FFQs may
be that selection procedures were evaluated for only five nutrients. However, as they
represent largely independent components of the habitual diet, we expect that these
selection procedures behave similarly for other nutrients. We observed most differences
for the macronutrients carbohydrates and fat, though these were minor regarding
the number and type of items selected. For the micronutrients vitamin C and calcium
differences were very small. Another problem is that the order in which selections for
different nutrients were made slightly affected the total number of food items included
in the food list. When starting with the inclusion of foods for a specific nutrient,
explained by a limited number of food items, foods added to explain further nutrients
also add to explained variance for the earlier selected nutrients. To further evaluate
the MOM?2 selection procedure we plan to develop an FFQ using MOM2 in order to
select informative food items and validate this FFQ against another dietary assessment
method and biomarkers of exposure.

We conclude that for developing food lists for FFQs, it is not necessary to take covariance
in nutrient intake into account; it seems sufficient to selects food items based on the
highest variance in nutrient intake.
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ABSTRACT

Background

Food frequency questionnaires (FFQs) are often used to assess dietary intake in
clinical and epidemiologic studies and also for dietary counselling. However, filling
out an FFQ is a complex cognitive task, because a variety of cognitive processes is
involved in filling out an FFQ. Therefore problems experienced by Dutch respondents
when filling out an FFQ were studied to improve questions for FFQs.

Methods

Based on think-aloud interviews and literature, categories of problems were
identified and discussed in seven focus group meetings with 40 respondents aged
25-40y or 40-65 y. Example questions from FFQs used in the meetings had been
improved according to principles of cognitive science. Results of discussions were
transcribed and analyzed by means of thematic coding.

Results

Respondents experienced problems in comprehension of questions resulting
in selective answers because they tended to restrict their reports to the given
examples. They also had difficulties in identifying foods, because categorization of
foods was not logical to them; in aggregating frequencies of consumption of single
foods into one food category; and in assessing relative frequencies of foods.

Conclusions

This study confirms that filling out questions of an FFQ is a complex task for
respondents. Questions from an FFQ improved by principles of cognitive science may
still encounter problems relating to question comprehension, food identification
and reporting of frequencies. FFQs may be further improved by removing or
changing examples to the questions, and by including cues that explain how to
answer questions about relative frequencies.
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INTRODUCTION

Food frequency questionnaires (FFQs) are often used to assess dietary intake in clinical
and epidemiologic studies and for dietary counselling. Food frequency questionnaires
(FFQs) have become the primary method to assess dietary intake in large studies,
especially because they are easily administered to large populations at relatively low
costs. FFQs are considered accurate for ranking individuals according to their intake,
but are less suitable for providing a measure of the level of intake .

Despite their popularity, dietary intake cannot be assessed without errors using FFQs.
Some errors are linked to the questionnaire itself. For example, dietary information
may be missed because not all foods are assessed in an FFQ ', Errors are also due to
misreporting by respondents because filling out an FFQ is a complex task. This task can
be divided into distinct stages. The first stage is question comprehension, in which the
respondent interprets the meaning of a question * The second is retrieval, in which the
respondent searches long-term memory for relevant information. It is especially difficult
to recall specific episodes of food intake ®° The third stage is estimation or judgment,
in which the respondent evaluates the information retrieved from memory and its
relevance to the question. In this stage, respondents encounter difficulties in recalling
frequencies and portion sizes of consumed foods ©. Fourth is the response stage, in
which the respondent decides what answer to provide and may under- or over report
consumption of specific foods based on e.g. socially desirable answers ”#. Reporting is also
difficult because respondents are obliged to describe their intake according to predefined
categories of foods. Thus, a variety of cognitive processes involved in filling out an FFQ
explains why it is difficult to accurately report dietary intake by this method.

Accuracy of reporting may be improved by making FFQs cognitively easier for respondents.
Subar et al used cognitive interviewing to identify problems that respondents encounter
when filling out an FFQ °. They applied solutions to these problems for developing the
Diet History Questionnaire ™. Solutions included changes to improve comprehension,
such as the order of food items, computing average frequencies for aggregated categories
and seasonal items, inclusion of portion size ranges and adding a separate response
category for foods that were never eaten °. These modifications improved validity of
estimates of intake ™.

Despite all this effort, underreporting was still a significant problem for the Diet History
Questionnaire &, Therefore, a qualitative study was performed in order to improve new FFQs.

Problems encountered by younger and older adults when filling out food frequency
questionnaires were investigated in focus group discussions. Thereby three aspects were
important: (1) comprehension of questions, (2) identification of foods, and (3) assessing
frequencies of consumption. In addition, solutions to these problems were explored.
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METHODS
Design

As a preparation to the focus group discussions, respondents were asked to fill out
selected questions from an FFQ. Subsequently, they participated in one of seven focus
group meetings together with other respondents from the same age group. Two different
age groups were included, because it was assumed they had different eating patterns,
which could affect the encountered problems. In general, younger adults have a more
multi-cultural eating pattern with more foreign dishes and ready-to-eat meals "', whereas
older adults have a higher consumption of traditional foods, eat smaller portion sizes,
and have a more organized, traditional eating pattern .

In October and November 2007, all focus group discussions were conducted by three
trained researchers using an interview guide with discussions topics.

Respondents

Respondents were recruited in the surroundings of Wageningen (the Netherlands),
via flyers, approaching them personally near schools, through advertisements in local
papers or by email. Respondents who were able to read and speak Dutch were included
and who had a Dutch food consumption pattern, because these characteristics are
important for filling out the FFQ.

Food frequency questionnaire

Questions written in full and inquiring about 68 food items of a main meal from an existing
121-item FFQ were selected. These questions were considered as most important for total
dietary intake and representative of the other questions. The FFQ was self-administered
and had been developed at the Human Nutrition Division of the Wageningen University
to estimate the intake of energy and macronutrients of the previous 4 weeks. It was
based on the validated FFQ by Feunekes et al. %, updated, and adapted according to a
cognitive-based nested approach 9 and used in several studies '*'6. Using this FFQ, first
frequency of food intake was questioned by frequency categories starting at 'never’ and
then ranging from ‘once a month' to 'six to seven times per week’ This was followed
by more specific questions about number of portions and portion sizes. After that,
questions about specific types of foods included in a food item, for example skimmed
milk in the food item milk, were questioned as relative frequencies by asking whether
the food was consumed either always, often, sometimes or never as compared to the
other types in the food item (figure 4.1 and figure 4.2).

The selection of the FFQ in the study questioned consumption of soup, some ready-to-eat
meals, pasta, rice, legumes, potatoes, vegetables, fish, meat, vegetarian meat substitutes,
gravy, additions to meals such as sauces, and desserts. Three types of ready-to-eat meals
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How often did you consume meat during the past month? Please do not count meat that was added
to soup, snacks or cold cuts consumed as a sandwich filling.

-~
o

this month 1 day a 2-3 days 1 day a 2-3 days a 4-5 days a 6-7 days a
not month per month week week week week
Q, Q, Q, Q, Q, Q, Q,
Go to
the next
questions

1b  Each day you ate meat how many portions did you consume? One portion is a hamburger, a
drumstick, a steak or another piece of meat of about 100 grams.

/2 1 12 2 or more
@) O o o

1 2 3 4

1c  What types of meat did you eat?
always often sometimes never

Beef: steak, cut of veal, roast beef, braising steak, Q, Q, Q, Q,
stewing meat, rolled beef, steak tartar

Pork: pork steak, schnitzel, pork tenderloin

Other: chicken-/ turkey without skin, rolled

chicken, hare, goat's meat, horse's meat, venison,

ostrich

Beef: olives of beef, marbled braising steak, rib-eye, @] o Q o
rib of beef, tongue

Pork: fillet of pork, cutlet, ham, shawarma, shoulder
chop

Other: chicken with skin, lamb's ground meat, lamb,
pheasant, rabbit, partridge, Turkish ground meat

Pork: hamburger, smoked sausage, slice of bacon, Q @] o o
bacon, sausages, spare-ribs, bratwurst

Other: minced meat (beef and pork), chicken
burger, mutton, mutton shawarma, cold cuts

N
w
IS

Liver- and kidney products

Snack products

Unknown type of meat

Other,

o 0 0 O

1 2 3 4

1d  How often did you eat the above mentioned types of meat in breadcrumbs?
always often sometimes never
o o] o @)

1 2 3 4

1e  In which type of cooking fat did you fry your meat? Please indicate at maximum two types.
Butter O Fluid cooking fat

Margarine in a paper wrap O  Olive oil, arachnids oil and frying oil
Margarine in a tub Sunflower oil and other types of oil

Margarine enriched with unsaturated Lard/bacon

fatty acids
Margarine with plantensterols or -stanols Unknown type of cooking fat
Other,

| do not use any type of cooking fat, for
example because | grill my meat

Fluid margarine

000 000O0

00 0O

Solid cooking fat

Figure 4.1 Example of a question about meat consumption included in the FFQ.
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2a | How often did you consume pasta such as penne, spaghetti or Chinese noodles during the past
month? Please do not count ready-to-eat meals, these have already been addressed.

this month 1 day a 2-3 days 1 day a 2-3 days a 4-5 days a 6-7 days a
not month per month week week week week
Q, Q, Q, Q, Q, Q, Q,
Go to
question X

2b  Each day you ate pasta, how many serving spoons did you take on average?
1-2 3-4 5-6 7-8 9-10 11-12
o o o o ©] o

1 2 3 4 5 6

Figure 4.2 Example of a question about pasta consumption included in the FFQ.

were included in this FFQ, i.e. Chinese/Indonesian food, pizza, and ready-to-eat pasta
meals. Questions about meat consumption were divided into seven categories: meat
with a low, moderate, or high fat content, liver and kidney products, snacks, unknown,
and other (figure 4.1). The low and moderate fat categories contained different types
of beef and pork. The FFQ also contained a list of different brands of cooking fats and
spreads consumed in the Netherlands to help respondents identify these fats. Questions
of other FFQs commonly used in the Netherlands '”'® were used during the focus group
discussions as alternative examples for comparison.

Procedures

The tasks between the three researchers conducting the focus group interviews were
divided: one chaired the interview, one monitored the process, and one made notes. The
respondents were seated around a table to allow interaction, eye contact and free flow
of discussion. Sessions lasted between 120 to 150 minutes. Four focus group discussions
were conducted among the younger age group, each consisting of two to ten adults, and
three discussions were conducted among the older age group, each with eight adults.

Discussion topics were identified based on literature and think aloud interviews
conducted in five respondents. In the interviews, the respondents read the questions
out loud and verbalized their thoughts while answering these questions. In 30% of the
FFQ questions, one or more of the five respondents encountered a problem. Of these
problems, 45% were related to comprehension, 10% to identification of foods or the
order of questions, and another 45% to assessment of amounts and frequencies.

A standardized interview guide was used during the focus group discussions and consisted
of three parts: an introduction of interviewers and respondents, a group discussion about
topics of interest, and a closure in which respondents could indicate problems that had
not been mentioned before. The first topics discussed were comprehension of questions
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including use of cues and examples, and the format of the FFQ. Cues are hints that describe
for example how to fill out a certain question, or remind respondents of certain foods.
For the format, an alternative FFQ with all questions in a table was shown to respondents
and differences between both formats were discussed. This is an often used format to
considerably reduce length of a FFQ. Second, difficulties in identification of foods consumed
were discussed. Based on the problems encountered in the think-aloud interviews, two
examples of questions were selected, one about meat consumption (figure 4.1) and one
about sauce consumption. Ability of respondents to report consumption of mixed dishes
and ready-to-eat meals were also discussed. Third, difficulties in assessing frequencies
and relative frequencies of consumption were discussed. As alternative to the relative
frequencies of ‘always-often-sometimes-never', it was asked whether an item, such as the
previous example of skimmed milk was used most often in relation to the other type(s).

The study protocol was not handed in to the medical ethical committee, according to the
Dutch law this was not required because this study had a non-invasive character and
no sensitive data of respondents was collected. The study was conducted in accordance
with the principles of the Declaration of Helsinki.

Data analysis

Focus group discussions were transcribed and analyzed by means of thematic coding.
Responses were coded according to the categorized topics and the opinion of respondents
about the topic, for example ‘suggestions to improve examples. The transcripts of the
results of two focus group discussions (one with older respondents and one with younger
respondents) were analyzed independently by the three researchers who were present
during the focus group interviews. After the analyses of these discussions, the results of
the other five were analyzed by two of the three researchers. Agreement between the
two researchers in coding was 72%. Differences in analyses were discussed, agreement
was reached on all codes, and the problems were categorized.

RESULTS

Sixteen respondents aged 25 to 40 y, median age 30y, and 24 respondents aged 40 to
65 y, median age 59 y were included. All respondents in the younger age group that
applied were included; and of those in the older age group 24 respondents out of 67
applications were randomly selected in this study. Seven respondents had a low, 11 a
medium and 22 a high educational level (table 4.1).

Not many differences between the younger and older age groups in the problems
encountered when filling out the FFQ were observed. Therefore, the results are presented
for both age groups together and will be only specified per age group where relevant.
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Table 4.1 Characteristics of respondents participating in the focus group discussions

Age group Young (25-40y) Older (41-65y) Total
Men Women Men Women N =40
n==6 n=10 n=12 n=12

Age (median) [range] 30 32 61 56 51

[26-39] [26-40] [49-64] [41-65] [26-65]

Education level®

Low (primary education, low vocational 0 1 2 4 7

training, low technical training )

Medium (secondary education, medium 0 4 5 2 1"

technical training, medium vocational
training)

High (higher vocational education and 6 5 5 6 22

university)

@ According to Standardized Educational Levels (Central Bureau of Statistics, The Netherlands).

Comprehension of questions

Respondents encountered several problems in filling out FFQs related to comprehension
of questions (table 4.2). Some respondents were confused by unfamiliar terms used in
the FFQ, such as "pasta”, "home-made” and "being on a diet". Six respondents used some
foods in a different way than was questioned in the FFQ. For example, respondents did
not consider consumption of cheese added to cold dishes as part of a hot meal, such
as salads and desserts. Seventeen respondents provided suggestions of terms or foods
that were more familiar to them.

Another problem related to comprehension applied to examples that were added to
the questions to make them clearer. Only four respondents thought the examples were
clear and 11 respondents found them only useful. Criticism about the examples used
was provided by 12 younger and 22 older respondents. An example, of a question they
criticized was about sauce consumption. In this question, pasta sauce, which is consumed
as part of a dish, was combined with other sauces, such as mushroom sauce, that are
served separately to dishes. Also, the respondents found it hard to estimate the amount
of sauces that are part of a dish. Their suggestion was to split up this question into two
separate questions, one about pasta sauces and one about other types of sauces that
are typically added separately.

Cues that were added to clarify questions increased comprehension according to 36
respondents, and 12 respondents thought cues were clear. Respondents made use of
cues to know which foods they were supposed to include in their answer and to make
them feel confident of filling out the FFQ in a correct way. On the other hand, two
respondents considered cues disturbing and three thought they were superfluous. Also,
ten respondents provided suggestions to improve their wording.



Table 4.2 Number of respondents mentioning specific opinions related to comprehension

of questions discussed in focus group meetings

Focus groups to improve FFQs

Topic Opinion Number of Number of
respondents respondents
(Younger, 25-40y)  (Older, 41-65y)
N=16 N=24
Familiarity of terms and foods ~ Familiar foods 2 4
Unfamiliar foods 7 9
Terms clear 3 2
Unfamiliar terms 8 n
Suggestions to improve terms 7 6
Different use of foods than assessed 2 4
Suggestions to improve description 2 2
of foods
Examples to the questions Examples clear 4 0
Examples useful 8 3
Criticism about examples used 12 22
Examples superfluous 2 2
Examples missed 6 3
Examples directive 2 5
Suggestions to improve examples 8 5
Cues® Cues useful 12 22
Cues clear 8 4
Cues not disturbing 3 8
Cues disturbing 2 2
Cues superfluous 1 2
Formulation of cues 1 3
Suggestions to improve formulation 4 6
of cues
Format of the FFQ Length of FFQ too long 10 3
Time spent on filling out FFQ not 4 6
so bad
Overview of FFQ questions in tables 9 2
improves
FFQ with questions in tables is better
Negative about FFQ with questions 12 15
in tables
Suggestion to improve lay-out of 5 1
FFQ questions in tables
FFQ with questions written in full is 6 13
better
Suggestion to improve lay-out of 4 0

FFQ with questions written in full

2 Cues = hints how to fill out a certain question, reminders of certain foods, etc.
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Thirteen respondents, especially younger respondents, thought the total length of the FFQ
was too long, even though it was only half the length of the complete FFQ. Surprisingly,
the time spent on filling out the FFQ was less than they had expected beforehand. The
alternative FFQ with all questions put into tables, was more positively evaluated by
younger than older respondents. The younger respondents indicated that this format
provided them with a good overview of the number of meals they had filled out over the
past month. In contrast, the older respondents thought the format was overwhelmed
with information and they often felt in doubt of checking the right answer.

Identification of foods

Respondents mentioned problems with identifying foods such as meat, cooking fats,
mixed dishes, and ready-to-eat meals (table 4.3). In total 31 out of the 40 respondents
reported problems with the question about meat consumption, that was divided into
seven categories based on type and differences in fat content. Respondents did not
understand the differences between the categories, which repetitively included beef
and pork. They suggested improving this question by restructuring categories according
to type of meat thus leaving beef or pork in only one category.

Respondents also had problems in identifying cooking fats used. For example, five
respondents did not know what type of cooking fat they consumed because they did
not do the shopping or preparation of the meals. All other respondents thought they
knew what type of cooking fat was used, although three of them actually filled out
the wrong category. None of the respondents had used the list with brand names of
cooking fats added to the FFQ to clarify what type of cooking fat they consumed. The
reason for not using the list was that the purpose of this list was not clear or that it
was thought to be unnecessary. Respondents suggested to put the list with cooking fats
at a prominent position in the FFQ and to add a clear description.

Eighteen respondents thought they could easily fill out questions about foods consumed
as part of mixed dishes, whereas four respondents had difficulties in describing these.
Four respondents also had problems in indicating the portion sizes of ingredients of
mixed dishes. Three respondents provided suggestions to improve reporting of mixed
dishes, for example by assessing the type of mixed dishes they usually consumed such
as Italian or Mexican dishes.

Only two respondents had consumed ready-to-eat meals. Six respondents thought that
ready-to-eat meals could be reported in the FFQ easily, whereas three respondents
thought that it would be difficult to report their consumption of these meals. Finally,
ten respondents gave suggestions to improve the reporting of ready-to-eat meals by
adding more detailed questions.
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Table 4.3 Number of respondents mentioning specific opinions related to identification of
foods discussed in focus group meetings

Topic Opinion Number of Number of
respondents respondents
(Younger, 25-40y)  (Older, 41-65y)
N=16 N=24
Problems in identifying foods  Difficulties in identification of meat 9 22
Difficulties in identification of sauces 9 0
Problems in identifying Problems in categories of cooking 3 4
cooking fats fats

Cooking fat unknown 3 2
Choosing wrong type of cooking fat 2 1
Not consulting list of cooking fats 16 24
Place list of cooking fats 4 1
Suggestions to improve list of 7 10

cooking fats

Mixed dishes Easy to fill out mixed dishes 7 n
Difficulties in filling out mixed dishes 1 3
Problems with portion sizes of 3 1
ingredients mixed dishes
Suggestions to improve reporting of 2 1
mixed dishes
Ready-to-eat meals Reporting consumption of ready-to- 1 1
eat meals
Easy to report ready-to-eat meals 2 4
Unknown composition of ready-to- 3 3
eat meals
Difficulties in reporting ready-to-eat 3 0
meals
Suggestions to improve reporting of 7 3

ready-to-eat meals

Assessing frequencies and relative frequencies

Ten respondents had difficulties in aggregating frequencies of consumption over the
past month, because they tried not to exceed the number of total meals or foods
consumed in a month. Categories used to assess usual frequencies of consumption
were logical according to 22 respondents, whereas 12 thought they were not (table
4.4). Thirteen respondents thought they could accurately describe their intake according
to the provided categories, whereas three thought these categories were not precise
enough. Three respondents suggested to improve lay out of the frequency categories
in the FFQ, by optically separating the frequency categories of once a week and 2-3
times a month.
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Table 4.4 Number of respondents mentioning specific opinions related to assessing
frequencies of consumption discussed in focus group meetings

Topic Opinion Number of Number of
respondents respondents
(Younger, 25-40'y) (Older, 41-65y)
N=16 N=24
Frequency answering options Frequency answering categories 9 13
satisfying
Frequency answering categories 7 5
not satisfying
Frequency categories accurate 6 7
Frequency categories not precise 1 2
enough
Difficulties in aggregating 5 5

frequencies

Suggestions to improve 3 3
frequency categories

Relative frequencies Criticism formulation of relative 7 6
frequencies
Relative frequencies preferred 10 6
above choosing foods used
‘most often’
Choosing foods used ‘most often’ 5 15

preferred above using relative
frequencies

Difficulties in aggregating 5 4
relative frequencies

Most respondents were able to use the relative frequencies ‘always-often-sometimes-
never' to describe intake of specific types of food such as low-fat types in relation to
other types. Thirteen respondents commented on the terms used to describe relative
frequencies. They had difficulties in filling out that a type of food had been eaten ‘always’,
when they had consumed a food once during the past month. They also experienced
difficulties in aggregating relative frequencies. In total 20, mostly older respondents
preferred a format in which they chose the foods used ‘most often’, above the relative
frequencies of food use as 'always-often-sometimes-never. In contrast, younger
respondents were more pleased with relative frequencies, because these allowed them
to describe variation in intake.

DISCUSSION

Although the FFQ used in this study was developed according to principles of cognitive
research ' in order to make filling out the FFQ as easy as possible, respondents still
encountered problems. They had problems in comprehension of questions due to
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examples which confused them, although the examples were added to clarify questions
and to help them. The respondents also found it difficult to identify foods, mainly because
divisions in categories of foods e.g. types of meat according to fat content were not
clear. Finally, they reported problems in assessing frequencies because they found it
difficult to aggregate them over the past month and to assess relative frequencies of
foods consumed.

It is important to evaluate whether problems that respondents encounter in filling out
FFQs were found. Think-aloud interviews were used to identify important problems.
These interviews are considered as a good and objective method for this purpose .
Subsequently, the focus group discussions made it possible to further study and validate
the identified problems in a broader age group and a larger number of respondents. An
advantage of focus group discussion is also that they permitted respondents, who did not
understand the questions, to listen and contribute when they felt comfortable #, thus
allowing all respondents to articulate their problems. The number of responses in the
results section gives an indication of the number of respondents with a certain opinion.
Other respondents may have agreed or disagreed but might not have expressed their
view, and are therefore not included in this number. Agreement between scoring of
researchers was 729%, which may be considered as quite good for agreement between
qualitative judgements %.

Itis important to consider whether findings may be generalized. Women and higher educated
respondents were overrepresented in the focus group discussions. The accuracy with which
respondents fill out FFQs depends on knowledge about their own long-term dietary pattern,
which is often gained by purchase and preparation of one's own food . Nowadays, women
are probably still more often responsible for meal preparation than men. However, in this
study, respondents were instructed to consult the person usually involved in preparing
the meals if any specifics of food preparation were unknown. As for education level, it
is important to note that filling out an FFQ is a complex cognitive task. For this reason,
misreporting of intake is more common in lower educated respondents 22, Thus, in the
general population there may even be more problems in filling out FFQs than found in this
study, making it even more important to make questions as simple and clear as possible.

Problems due to cognitive difficulties encountered by respondents in filling out FFQs
were studied. Though findings from previous cognitive research were used to improve
the FFQ, it is important to consider in which aspects the FFQ was different from those
of others. Results show that respondents had difficulties with the question about meat
consumption because they felt too many different types of meat were included in one
category. The FFQ of Matt et al also grouped many different types of meat, and because
of respondents’ difficulties in estimating frequencies of grouped items, meat and some
other items were separated into multiple questions 6. The Diet History Questionnaire
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included each food in a separate question and included only a few examples '°. It may be
easier for respondents to split up a complex question such as about meat consumption
into multiple simple questions about specific types of pork and beef. This increases
clarity and may even compensate for the increased questionnaire length %.

This study provided important insights for developing new FFQs. Examples to questions
may confuse respondents especially because they often do not cover all food items that
a question inquires about. Also, difficulties may be encountered, if different examples
to questions can be eaten at multiple meals or as snacks, or at a non-routine frequency
of consumption . Thus, it is recommended to carefully consider whether including
examples as a clarification is really necessary.

An important problem of FFQs is that this method relies on memory of respondents,
and that it is very difficult to recall repeated behaviour such as dietary intake %. Some
researchers consider the FFQ to be merely a measure of attitude towards foods instead
of assessing food consumption . Therefore, it seems very important to include cues
that emphasize respondents to enter all consumed foods and not for example the
foods that they like. Also, cues make it possible to make respondents aware of what
foods to include in their answer, as was shown in this study, and cues stimulate recall
of specific episodes as was shown by literature 2. In addition, this study showed that
it is important to improve identification of foods by using terms that are familiar and
categories of food that are understood by respondents. For this purpose, it is important
to pre-test new FFQs in target populations.

To assess frequencies of usual consumption, categories used in this study appeared to
be adequate. Relative frequencies of consumption of foods within a general category
e.g. of low-fat milk may provide important information, but may also be difficult to fill
out. An alternative and probably easier option especially for older respondents is to fill
out the foods that were used 'most often' For younger respondents relative frequencies
may be used because they indicated to prefer describing variation in their usual dietary
pattern. Thompson et al also applied questions on relative frequencies in their Diet
History Questionnaire and considered them to be accurate . Thus, relative frequencies
may be used in an FFQ, however, as they are difficult to be filled out, inquiring about
no more than five or six food items within one category is recommended.

A difficult decision in designing FFQs is whether or not to include portion size questions.
This topic was not addressed during the focus group discussions as it is too complex to
discuss during a short time, and cognitive strategies to report portions have been studied
by others *. Portion size questions may contribute to better capturing the between-person
variation of intake. However, respondents often skip these questions °, and they find it
difficult to estimate consumed portion sizes. Even when pictures are included in an FFQ, or
when portion sizes were estimated from food records, ranking of respondents according



Focus groups to improve FFQs

to their intake hardly improved compared to the use of standard portion sizes. However,
assessing the level of intake did improve by including portion size questions '®*'. Thus,
whether it is good to include portion size questions depends on the aim of the FFQ.

Implementing the above mentioned improvements in a new food frequency questionnaire
is interesting, especially when evaluating it against an independent method in a
validation study. It is also recommend using web-based FFQs because they probably cause
less problems. Comprehension of web-based FFQs may improve filling out questionnaires
by including tailored pop-up. Also, a web-based FFQ may include pictures of unfamiliar
foods to improve identification of foods. Assessing frequencies of consumption may be
improved by including more frequency categories and by providing information about
the relative frequency categories. Also, reporting will be more accurate, as respondents
can be compelled to fill out questions, and will be more convenient because questions
that do not apply to them can automatically be skipped. Thus, self-reports by web-
based FFQs will reduce the amount of data cleaning, but ask for some computer skills
of the respondents.

Concluding, FFQs can be further improved by carefully considering the use of examples,
by only combining foods into categories that are similar for respondents and not based
on their nutritional composition only, and by including cues that explain how to answer
questions, for example about relative frequencies of food use within a larger category
of foods.
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ABSTRACT

Background

Food frequency questionnaires (FFQs) are used to assess usual dietary intake of
participants often in large studies. They have to be revised and updated regularly
because of new research questions and a continuously, rapidly changing food
market and altering food patterns. However, developing new FFQs or updating old
versions is difficult because time, finances or expertise are often not available.
We developed a computer system, the so-called Dutch FFQ-TOOL™, that can
quickly generate and process FFQs tailored for specific research questions or
populations.

Objective

We describe the structure and contents of the system and show, as an example,
how an FFQ for assessing vitamin C and dietary fibre intake is developed by the
system. This process is evaluated by comparison with predefined requirements.

Design

Using the Dutch FFQ-TOOL™, which is an internet-based system, FFQs are
developed using food consumption data of the target population. For use of FFQs
in epidemiologic studies, foods may be selected based on explained variance in
nutrient intake, to rank individuals according to their intake. For use of FFQs to
monitor populations, foods may be selected based on the contribution to the level of
nutrient intake in a population. After selection, foods are automatically transposed
into standard questions and included in the FFQ. Finally, food and nutrient intake
of completed FFQs is computed by the Dutch FFQ-TOOL™.

Results

We describe the development of an example FFQ of 30-items, for estimating
vitamin C and dietary fibre intake that fulfilled most requirements from a scientific,
respondent's, and technical perspective. The only requirement not met was to
completely automate the selection of foods.

Conclusion
The prototype of the Dutch FFQ-TOOL™ is able to generate, apply, and process
tailored FFQs for multiple nutrients and target groups by reproducible and valid
procedures.




A computer system to generate and process FFQs

INTRODUCTION

Food frequency questionnaires (FFQs) are the most often used instrument to assess usual
dietary intake in large epidemiologic studies. Although the accuracy of FFQs has been
debated "2, FFQs will continue to be used as they are more feasible than other methods
to assess long-term intake in large populations 3. A well-designed FFQ is targeted to
assess habitual intake of foods or nutrients of interest in a specific population. This
implies that the food list of an FFQ has to be adapted to food consumption habits of
the target population. An appropriate food list can be obtained by selecting foods
from food consumption data collected by food records or 24-hour dietary recalls from
a similar population 7. In this way, each FFQ is tailor-made to assess intake of selected
foods or nutrients of the population of interest. Unfortunately, many researchers
do not have time, money, or expertise to develop new FFQs, as development of
questionnaires is a labor-intensive and specialized task 8 Moreover, this task is difficult
because updated food consumption data is often not available to the researcher &,
and requirements from a scientific, respondent’s and technical perspective must be
carefully balanced. Therefore, automating the development of FFQs by experts in the
field of dietary assessment could help other researchers in developing and updating
these questionnaires more easily and efficiently.

Automating development of FFQs

To facilitate FFQ development, researchers have previously tried to automate FFQ
development. Researchers in the UK developed Windiets ® in which nutrient computations
of completed FFQs were automated. However, foods were manually selected from food
consumption data from weighted food records reported by a representative sample
of the population (ref personal communication Alan Wise dd 19-04-2005). Finally,
selected foods were transposed into questions to develop an FFQ.

Another example is the Vofrex/Vovris system, developed in the Netherlands by TNO
Quality of Life (formerly TNO Nutrition and Food Research) . In Vofrex, foods
contributing most to population intake were automatically selected, and in Vovris,
processing of completed FFQs was automated. As a source for selecting foods, the
system used food consumption data from food records, collected in the Dutch National
Food Consumption Survey 1992 ' The Vofrex/Vovris system had a few limitations.
The most important was lack of flexibility with regard to including new versions of
food composition databases and new foods. In addition, no subpopulations could be
defined. Also, foods could only be selected based on their percentage contribution to
level of population intake, and not by cumulative variance in nutrient intake which is
more important for epidemiologic studies ™.

Therefore, there was a need to device a new and more flexible computer system that
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supports the development and processing of FFQs. This system should automate FFQ
development, for different subpopulations. The selections in the system should not
only be based on percentage contribution but also on variance in nutrient intake to
generate FFQs that are suitable for use in epidemiologic studies.

The aim of this paper is to give a short description of the prototype of the so-called
‘Dutch FFQ-TOOL™, in which FFQ development is automated and researchers can
develop and process tailored FFQs in a standardized way. We illustrate this by applying
the system to an example, i.e. development of an FFQ that ranks adults according to
their vitamin C and dietary fiber intake. This process is evaluated by comparison with
requirements the system had to fulfill.

MAIN OBJECTIVES AND REQUIREMENTS OF THE DUTCH FFQ-TOOL™

The general aim of the Dutch FFQ-TOOL™ was to develop a data-based system that
generates valid FFQs by the use of transparent and reproducible procedures, which
are suitable for assessing intakes of energy and nutrients of interest for different
populations.

[ Selection of food consumption data ]

A 2
e A ( ™
Identifying informative items for nutrient 1 . Identifying items for nutrient 2
according to predefined criteria and further nutrients
\_ J \ y,
e A 4 A
Composing a food list G Grouplng of S".‘g'e foods
into food items
\_ J \ J
A 2 A A
e A
. . Development of a food
Transposing selected items to p o
frequency questions composition .
table for selected items
\_ 1 J
e A
Addition of portion size
questions and about preparation

y

N
—[ Finalizing the FFQ
y,

Figure 5.1 Overview of the Dutch FFQ-TOOL™ to develop and process FFQs.
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First, we explored which processes had to be automated to develop and process an
FFQ. The identified processes were: selection of food consumption data of the target
population, identification of important foods for all nutrients of interest, aggregation
of these foods to food items, composition of a food list from these food items,
transposition of the food list into standard questions with answering categories for
frequencies, portion sizes and preparation methods, quality control of completed FFQs,
construction of a nutrient database for processing of completed FFQs, calculation of
nutrient intakes, and finally quality control of processed FFQs (see figure 5.1). These
processes needed to fulfill several requirements from a scientific, respondent’s and
technical perspective. We identified the following requirements:

1. Scientific requirements

a. Inclusion of representative food consumption data sampled with valid
methods in a population closely resembling the target population.

b. Selection of foods by valid and reproducible procedures from the food
consumption data, based on variance in intake for ranking of respondents
according to their intake or on contribution to population intake per
nutrient of interest.

c¢. Composition of a food list for multiple nutrients at the most informative
aggregation level of food items.

d. Evaluation of the food list by computing the percentage of explained
variance or percentage contribution in the food consumption data.

e. Estimation of consumed amounts based on portion size questions that
incorporate serving units and amounts representing the range in amounts
consumed by the target population.

f. Evaluation of completed FFQs by checks in the Dutch FFQ-TOOL™ indicating
missing values, and exceeding of predefined minima and maxima per item
and per FFQ, allowing the researcher to mutate these values.

g. Computation of nutrient intake in the Dutch FFQ-TOOL™ for the selected
food items using a valid and complete national food composition
database.

2. Requirements from a respondent’s perspective
a. Recognition of food items.
b. Clear, unambiguous and simple questions.

c. Indication of consumption frequencies in the FFQ using categories that
represent the frequency range in the population.
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o

Indication of consumed amounts using portion size question that are
understood and easily filled out.

Limitation of the length of the FFQ to achieve maximal response rates.
Adaptation of lay-out of FFQs to the target population.
Face validity of FFQs.

3. Technical requirements

a.

Automation of food selection from food consumption data at acceptable
speed in the system.

Addition of foods must be possible if the initial selection of food items
does not meet the required percentage of explained variance or coverage
of the level of intake. It must also be possible to add extra foods to increase
face validity or new foods that are not included in the food consumption
data.

Transposition of selected food items into standard questions.

Possibility to create exceptions to standard questions if needed.

Computation of nutrient intake in the Dutch FFQ-TOOL™ for food items in
the FFQ of which consumption is reported by respondents.

Providing a clear overview of the different steps involved in composing
the FFQ, thus providing a user-friendly system for researchers developing
FFQs.

Possibility to update food consumption data as well as food composition
data, with flexibility in format of new databases.

METHODS
Structure and contents of the Dutch FFQ-TOOL™

The Dutch FFQ-TOOL™ is an internet-based system for researchers devising new FFQs.
The system consists of two parts: ‘selection of food items’, and ‘questions generation’
in which selected foods are transposed into standard questions and the FFQ is further
finalized. The system makes use of flexible relational databases. For an overview of the

databases and software included in the Dutch FFQ-TOOL™, see figure 5.2.
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Selection of food items

Selection of food consumption data

For the selection of food items, the system uses food consumption data and food
composition tables. In the prototype of the Dutch FFQ-TOOL™, we used the Dutch
National Food Consumption Survey 1998 '* as a food intake database. This database
consists of estimated food records filled out on two consecutive days in 1997/1998
by 6250 individuals aged between 1 and 97 years. The Dutch Food Composition Table
of 1996 was used for nutrient computations of the Dutch National Food Consumption
Survey 1998. We used the1998 database because it is the most extensive and recent
database covering all age groups that was available to us.

Identifying informative items

Two procedures have been included in the Dutch FFQ-TOOL™ for the selection of foods
from food consumption data. For use of FFQs in epidemiologic studies, foods can be
selected based on explaining variance in intake. Regression analysis is very suitable to
select food items for this purpose, but overloads the computer system, because large
databases are used and regression analysis tests all possible combinations of food
items 5. Therefore, we incorporated a simple procedure that selected food items based
on variance in intake, MOM2, testing only one combination of food items, without
taking other co-varying items into account ' (chapter 3) (requirement 1b). If the FFQ
is used to estimate the absolute level of intake, foods are selected based on their
contribution to the level of nutrient intake in a population 7 (requirement 1b).

Grouping of single foods into food items

As the above mentioned selection procedures select foods at the level of single foods, as
represented by food codes in a food composition table, related foods must be combined
into food items after the procedure. We developed standardized hierarchical levels of
food groups for use in the computer system. Foods in the Dutch food composition
table are combined into 24 food groups such as ‘bread’, ‘fruit’ and 'vegetables' that
comprise too many foods to use as items in an FFQ. Therefore, the 24 groups, regarded
as hierarchical level one, were further subdivided into smaller food groups at four
hierarchical levels of aggregation. This was done by two dieticians who based their
choices on similarity in eating occasions, portion sizes, and nutrient contents. The
dieticians took also into account whether respondents could possibly answer questions
about usual consumption of each food item (requirement 2a). Their choices resulted in
87,237, and 356 food items at aggregation levels two, three and four, respectively. An
illustration of this subdivision is given for fresh fruit in table 5.1.
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Question generation

To compose a food list for an FFQ, a choice must be made on the most appropriate
level of aggregation for each food item, depending on the level of detail required
for a study and the nutrients of interest. After deciding on the level of aggregation,
selected food items are automatically transposed into standard questions. For this,
several supportive tables have been compiled and incorporated. These tables contain
information needed for automated generation of questions, such as standard frequency
questions, standardized portion size questions, questions about preparation of foods,
answering categories, usual daily order of consuming food items, serving units, and
serving sizes per unit of food items. Respondents need clear questions, because it
improves accuracy of FFQs . Therefore, we used findings from cognitive research and
dietetic expertise to develop clear questions '"'® (chapter 4) (requirement 2b). Questions
were formatted according to a nested approach . In this approach, frequency of
intake is first assessed, followed by more specific questions about number of portions,
portion sizes, and preparation methods. Default answering categories for frequencies
started at 'never' and then ranged from ‘once a year' to 'six to seven times per week'
(requirement 2c). Questions may be clarified by including cues that stimulate memory
of respondents or remind them of consumed food items . An example of a cue may be
‘think about consumption for breakfast, lunch, dinner and as in-between snack: In the
Dutch FFQ-TOOL™, we did not include standard cues for specific food items.

The researcher developing the FFQ decides which reference period is most suitable for an
FFQ depending on the aim of the study and the nutrients of interest. A reference period
of one month is suitable for assessing macronutrient intake, whereas one year is more
suitable for assessing seasonally consumed food items and micronutrients . Moreover, it
is even possible to include a few questions with a different reference period, for example
to assess seasonally consumed food items.

Addition of portion size questions

For reporting portions, it is easiest to define consumed portions in ranges of household
measures such as one cup or two cups ' or in units such as a slice of bread. Thus, we
included this possibility in the Dutch FFQ-TOOL™ (requirement 2d) and portion sizes,
were based on common Dutch portion sizes ' (requirement 1e). We did not include
pictures for the estimation of portion sizes. Ranking of respondents hardly improved
when portion sizes were estimated using pictures compared to standard portions 2022,
It was also possible to add questions to adjust portion sizes, for example to indicate
whether the amount of margarine spread on a slice of bread was large or small.
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Development of a food composition table and processing of FFQs

Processing of completed FFQs is also automated in the Dutch FFQ-TOOL™, based on
the selected food items. The nutrient composition of selected food items is derived by
computing the weighted mean of amounts of the single foods of which the food items
are composed using the Dutch Food Composition Table 2006 % (requirement 1g). In
addition, minima and maxima of consumed amounts and missing values of completed
FFQs are shown to the researcher who evaluates these values and adapts the data
were needed (requirement 1f). Thus, procedures for quality control were also semi-
automated and included in the Dutch FFQ-TOOL™.

Toillustrate how tables and procedures can be used to develop an FFQ, we here describe
an example of generating an FFQ for assessing vitamin C and dietary fiber intake, and
we evaluate whether the requirements are met.

RESULTS
lllustration of development of an FFQ

In this example, we describe the development of an FFQ that aims to rank adults
between 25 and 65 years according to their vitamin C and dietary fiber intake. First,
food intake data of individuals between 25 and 65 years was selected from the Dutch
National Food Consumption Survey 1998, as they resembled our target population
(requirement 1a). This resulted in a database that contained recorded dietary intake of
two days by 3524 individuals.

Identifying food items

We started with the selection of food items, and set a criterion to explain at least
80% of variance in vitamin C and dietary fiber intake. First, we selected food items
for assessing vitamin C, because 80% of variance for this nutrient is explained by a
smaller number of food items than dietary fiber. We started selecting food items at the
highly aggregated level two, because this results in a short food list. The food items
‘fresh fruit', 'fruit and vegetable juice’ and ‘cooked or fried vegetables' explained 85%
of variance in vitamin C intake, thereby meeting the criterion. For dietary fiber the food
items: 'Bread’, 'Cooked potatoes’, 'Fruit’, ‘Cooked or fried vegetables', 'Soup', ‘Pulses’,
‘French fries', 'Peanuts, nuts and seeds', and ‘Crisps and salty biscuits' explained 81%
of variance in dietary fiber intake.
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Composing a food list

We decided for each of the above mentioned food items whether it had to be assessed
at a more detailed level of aggregation (requirement 1c). As an example, we describe
this further process for one food item, ‘fresh fruit', as it was selected for both vitamin C
and dietary fiber. We based our choice for the right level of aggregation on the values
of explained variance for vitamin C and dietary fiber provided by the system (table 5.1).
Variation in vitamin C was mainly derived from ‘citrus fruit' in the food item ‘fresh fruit.
Within ‘citrus fruit’ both vitamin C and dietary fiber were mainly explained by ‘oranges.
Therefore, it was thought to be most informative to include ‘oranges' and a new food
item ‘other types of citrus fruit' in the food list. From the food item ‘non-citrus fruit' the
food items 'strawberries’ and 'kiwis' explained most variance in vitamin C intake, whereas
for dietary fiber ‘apples' and ‘bananas’ were most important. Therefore, 'strawberries’,
‘kiwis', 'apples’, ‘bananas’ and a new food group that contained ‘other types of non-citrus
fruit’ were included in the food list. An initial food list was composed after repeating
decisions for all food items at aggregation level two and this resulted in an initial food
list containing 30 food items.

The initial food list was evaluated in the Dutch FFQ-TOOL™ by computing explained
variance using regression analysis for the 30 selected food items. According to
regression analyses, the selected food items explained 88 percent of variance for
vitamin C and 78 percent for dietary fiber in the Dutch National Food Consumption
Survey 1998 (requirements 1d). As the explained variance of dietary fiber did not meet
the criterion of 80%, we added three food items which increased explained variance
to 81% (requirement 3b).

Question generation

Subsequently, selected food items were automatically transposed into standard
predefined frequency questions and a draft FFQ was generated in the Dutch FFQ-TOOL™
(requirement 3c and 2b). We chose a reference period of one year for this FFQ because
vitamin C consumption is known to have a large day to day as well as seasonal variation.
Adaptations to improve comprehensiveness were made (requirement 3d). For example,
the question about 'strawberries’ was restricted to the summer only. Then the FFQ was
finalized and lay-out of the FFQ was adapted to the target population (requirement
2f).
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DISCUSSION

We described a prototype of a flexible data-based system, the 'Dutch FFQ-TOOL™', in
which development of FFQs was automated from food consumption data. Compared
to the Vofrex/Vovris system and Windiets °, a major improvement of the Dutch FFQ-
TOOL™ is its ability to select food items that explain variance in nutrient intake and
increased flexibility to include new databases and select subpopulations. Other major
advantages of the Dutch FFQ-TOOL™ include standardization of procedures and increased
transparency of selection of food items. Researchers may use this system to develop and
process tailored FFQs in a standardized way. We illustrated this by giving an example of
development of an FFQ by the system. The results of this process showed that almost
all predefined requirements for the system were met.

Although fully automating selection of food items was an important requirement,
we were unable to achieve this. The reason was that it appeared to be difficult to
automatically select the most informative level of aggregation of a food item. The most
optimal choice depends on the level of detail required for the aim of a study and the
nutrients of interest. Therefore, we created a screen in the Dutch FFQ-TOOL™ that shows
values of variance in intake or percentage contribution for food items for all nutrients of
interest at different levels of aggregation. The researcher, developing the FFQ, can use
this information and expertise to decide which level of aggregation is most appropriate.
In a next step, the selected food items are evaluated in the system by computing the
percentage of explained variance or percentage contribution of the selected food items
in the food consumption data. In future, we will try to further automate selection and
thus increase transparency by exploring optimization techniques for the selection of
food items on the most informative aggregation level.

A challenge during development of FFQs is balancing requirements that might be
contradictory. An example is that generating standard questions may conflict with the
requirement of developing clear questions. Some food items require questions that are
not standard. For example sugar should not be assessed in the predefined standard
question: ‘How often did you eat sugar?’, but it must be assessed as ‘How often did you
use sugar in your coffee or tea' We solved this problem by providing the possibility to
adapt standard questions where needed.

A current problem of the prototype of Dutch FFQ-TOOL™ is that until now only the
Dutch Food Consumption Survey 1997/1998 has been included. To generate updated
FFQs, databases with more recent food consumption databases are needed. Another
limitation of the dataset used in our study was that only two subsequent days of intake
were collected. Thus, for foods infrequently eaten, such as fish, it is difficult to estimate
true between-person variation in intake. ldeally, we would have included more recent
food consumption data including more reports per person, but this information was
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not yet available. Recently, a (semi-)continuous food consumption surveillance has
started pertaining to the general population aged 4 to 69 years, which consists of two
non-consecutive 24-hour dietary recalls in combination with a self-administered food
propensity questionnaire 2% This data will be used to update food consumption data
in the Dutch FFQ-TOOL™, and will thus solve for the greater part the above described
problems.

After development, the FFQ needs to be validated in the target population. We have
validated a first FFQ developed by the system (chapter 6). Validity of this FFQ was very
comparable to other FFQs %*. However, for practical and financial reasons it will be
impossible to validate each new FFQ generated by the system. Therefore, it would be
very helpful to have a first indication of the validity provided by the construct validity of
the newly developed FFQ. Construct validity is defined as the degree to which the data
collected reflect or measure the variable of interest . Thus, in the Dutch FFQ-TOOL™,
first estimates of the construct validity of FFQs are provided by explained variance and
level of intake covered by the selected food items 6. Thus, we urge researchers using
FFQs developed in the system to provide this information in their papers.

Adapting the Dutch FFQ-TOOL™ for use abroad

An interesting question is whether the Dutch FFQ-TOOL™ could be adapted for use in
other countries than the Netherlands. The Dutch FFQ-TOOL™ makes use of a Dutch food
consumption database, Dutch food composition tables, and questions and answering
categories based on a Dutch food pattern. This means that the software with options
would be suitable (see left side figure 5.2) whereas the databases should be replaced
by country-specific data (see right side figure 5.2). Thus, although it would be basically
possible to adapt the Dutch FFQ-TOOL™ for use in other countries than the Netherlands,
it depends on the availability of databases tailored for the population of interest with
regard to food habits and language whether the system can be used.

Further development of the Dutch FFQ-TOOL™

This paper described a prototype of the Dutch FFQ-TOOL™ which is able to develop
and process FFQs, but still needs fine-tuning to increase clarity, user-friendliness,
and speed. To further increase transparency, selection of food items at different
hierarchical levels of aggregation and for multiple nutrients of interest needs to be
further optimized. Also, developing FFQs for different target populations than adults is
possible if appropriate food consumption data is imported, although a few adaptations
may be necessary to standard questions and answering categories.

Future work will involve developing web-based FFQs because these are more convenient
for respondents, cause less misreporting, and considerably reduce processing time of
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FFQs. Important advantages of web-based FFQs over paper versions include increased
comprehension by including tailored pop-up. Also, web-based FFQs may include
pictures to improve identification of foods and estimation of portion sizes 2628,

We conclude that the prototype of the flexible data-based Dutch FFQ-TOOL™ is able
to generate, apply and process tailored FFQs for multiple nutrients and by evidence-
based procedures. Importantly, the software of the Dutch FFQ-TOOL™ simultaneously
generates a database for processing of completed FFQs. As future FFQs can be filled out
online as a web-based version, processing time of the FFQs is considerably reduced.
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ABSTRACT

Introduction

We developed a food frequency questionnaire (FFQ) using a computer system
(the Dutch FFQ-TOOL™) that generates and processes FFQs tailored for research
questions and populations.

Objective
To validate an FFQ that aimed to rank participants according to their intake of
energy and selected nutrients developed with this system.

Methods

An FFQ of 118 food items was generated. Intakes according to FFQs completed by
46 men and 63 women of 25-65 y were compared with those by 3-d estimated
food records, by nitrogen and potassium excretions in 24-hour urine checked with
PABA, and by concentrations of polyunsaturated fatty acids (PUFA) determined
in serum cholesterylesters. We applied the methods of triads to estimate validity
coefficients between FFQ and true intake for protein, potassium and PUFA.

Results

Deattenuated correlation coefficients between nutrient intake by FFQ and food
records ranged from 0.35 for PUFA to 0.73 for carbohydrates. Lower limits of
the validity coefficient, estimated by correlation coefficients between protein,
potassium, and PUFA intakes by FFQ with nitrogen and potassium in urine and
PUFA in serum were 0.24, 0.26 and 0.33 for men, and 0.08, -0.05 and 0.27 for
women, respectively. Upper limits of the validity coefficient for the total population
were estimated according to the method of triads and were 0.50, 0.36 and 0.50
for protein, potassium and PUFA, respectively.

Conclusion

The FFQ developed by the Dutch FFQ-TOOL™ performed rather well, although
improvement of generated FFQs is possible by selecting food items explaining a
higher level of variance and including new foods.
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INTRODUCTION

Food frequency questionnaires (FFQs) are often used in epidemiological studies to assess
dietary intake of populations. A well-designed FFQ is targeted to assess habitual intake of
foods or nutrients of interest in a specific population. This implies that the food list of an FFQ
has to be adapted to food consumption habits of the target population and updated, with
new foods at the market, when re-used some time after initial development '. Unfortunately,
FFQs are often re-used without adaptations due to lack of expertise, time or finances 2.
To make the development of new FFQs easier and more standardised, we developed the
so called 'Dutch FFQ-TOOL™. This is a prototype of a computer system that can efficiently
generate and process FFQs tailored for a specific research questions and subgroup of interest
of the Dutch population.

Basically an FFQ consists of a food list enumerating the most informative food items
for a study. Foods on the food list must be consumed reqularly, contribute substantially
to the nutrient(s) of interest, and be able to rank individuals according to their intake,
i.e. to discriminate intakes between persons 3. Two procedures are often used to select
informative food items for the FFQ. The first procedure selects food items on the basis of
their percentage contribution to nutrient intake of a population from open-ended food
consumption data * This selection procedure is simple and suitable if the purpose of
the FFQ is to estimate the absolute level of intake of a population. A second procedure
uses forward regression analyses to predict the food items that explain most variance
in nutrient intake taking covariance between nutrient intakes of food items into
account 3. This procedure also uses food consumption data and is preferred if the FFQ
is intended to be used for ranking or classifying individuals according to their intake
e.g. in epidemiological studies.

In the Dutch FFQ-TOOL™, informative food items may be identified by both procedures.
For the procedure identifying food items based on explaining variance in nutrient intake,
we use a procedure called MOM2, which does not take covariance of nutrient intakes
from other items into account ®, as regression analyses does. Our selection procedures
use open-ended food consumption data, derived from 24-hour dietary recalls or food
records, of the relevant population. Subsequently, an FFQ is constructed by transposing
the selected most informative food items into predefined questions. Finally, nutrient
compositions of filled out FFQs are computed within the Dutch FFQ-TOOL™ using the
Dutch food composition table.

To test a prototype of the Dutch FFQ-TOOL™, we constructed a first FFQ for an adult
population and validated it for its ability to rank adults according to their intake of energy,
macronuftrients, fatty acids, potassium, and dietary fibre by comparison with biomarkers
of protein, potassium and fatty acid intake and a 3-day estimated food record.
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METHODS

Participants

Men and women between 25 and 65 y were recruited in Wageningen and its surroundings
(the Netherlands), via flyers, through advertisements in local papers or by email. We
included subjects that were able to read and write Dutch. Exclusion criteria were:
employment at the division of Human Nutrition of Wageningen University, pregnancy,
lactation, participating in other studies, donating blood at the blood bank, illness,
diabetes, renal failure, oversensitivity to sulphonamides, or using antibiotics containing
sulphonamides.

All participants gave written informed consent. The study was approved by the Medical
Ethics Committee of Wageningen University and conducted in accordance with the
principles of the Declaration of Helsinki.

Study design

The study was conducted from February until April 2008. Participants filled out a three
day food diary, followed after two to nine weeks by the FFQ All participants collected
one 24-hour urine sample on a day assigned randomly between February and April, and
underwent a venipuncture just before filling out the FFQ.

Measurements

Participants were instructed about filling out the FFQ, the 3-day food record, and
collection of the 24-hour urine sample at a meeting just before the first measurements
started.

Dietary assessment

Development of the FFQ Using the prototype of the Dutch FFQ-TOOL™, we identified food
items that explained at least 80% of variance in intake of energy, macronutrients, fatty
acids, potassium and dietary fibre of a representative sample of the Dutch population
according to data from the Dutch National Food Consumption Survey 1998 ©. These data
comprised estimated food records filled out on two consecutive days in 1997/1998 by 3524
adults aged between 25 and 65 y. Nutrient intakes were computed using the Dutch food
composition database of 1996 ’. Because food intake data had been recorded as single
foods, we developed standardized food groups at three hierarchical levels of aggregation
based on similarity in nutrient contents, portion sizes, and eating occasions. A final food
list was composed by combining food items identified for each nutrient of interest and
choosing the best level of aggregation for each food item based on explained variance
and experience. After compilation, the final food list consisted of 118 items and was
evaluated by regression analysis. The food list accounted for 87% of explained variance



Validation of a computer-generated FFQ

for dietary fibre up to 93% for fatty acids, according to regression analysis. With respect
to the level of intake *, selected food items covered 70% of protein intake, 77% of energy
intake and at least 80% of intake of all other nutrients of interest, as computed by the
Dutch FFQ-TOOL™.

The food frequency questionnaire The 118-item FFQ was self-administered and developed
to assess habitual intake during the past month. The questionnaire was structured by
a meal-based pattern. The questions were organized according to a nested approach
that is cognitively easier for respondents &. First, frequency of food intake was assessed
in categories starting at 'never' and then ranging from ‘once a month' to 'six to seven
times per week’ This was followed by more specific questions about portion sizes and
preparation methods.

To evaluate the completeness and user-friendliness of the FFQ by respondents, we asked
the respondents to complete an evaluation questionnaire, which included questions
about use of ready-to-eat meals, supplements and any food items that respondents
had missed in the FFQ. Nutrient intakes of FFQ-reports were calculated using the Dutch
food composition database of 2006 °. The nutrient composition of each food item was
derived by computing the weighted mean of consumed amounts of the single foods
of which the food item consisted, the weighted mean as reported in the Dutch Food
Consumption Survey ©.

Food records

For food records, participants were asked to record each food or drink immediately after
consumption, describing the type of food consumed in as much detail as possible and
the amount consumed in household units or in estimated weight, and to record recipes
of composite dishes. Food records were structured according to breakfast, lunch, dinner
and three in-between meals. The week and days of recording were assigned at random.
For the total group, all days of the week were equally represented. After completion, the
food records were checked for clarity and completeness by a trained dietician. Models of
cups, glasses and sandwiches were used to let participants indicate their usual serving
sizes. Again, nutrient intakes from food records were calculated using the Dutch food
composition database 2006 °.

Biomarkers

24-hour urine collection

Each participant collected one 24-hour urine sample on a day assigned at random on
Sundays to Thursdays, as it was not feasible to immediately process urines collected on
Fridays and Saturdays. Participants received a safety pin to attach to their underclothing
as a reminder, two 2-liter containers that contained 3 grams boric acid as a preservative,
and a small bottle and for women urination funnels. To evaluate the completeness of
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the 24-hour urine collections, participants were given three 80-mg tablets of PABA
to take at mealtimes on the day of the urine collection ' Participants were asked
to discard their first urine specimen on the collection day and subsequently collect
all specimens for 24-hours including the first morning specimen the next day. During
the urine collection period, participants recorded in a diary: the time of beginning and
ending of collections, time that the PABA tablets were taken, lost specimens if any
and medications or supplements taken. Within one day of sampling, all 24-hour urine
collections were weighed and 10 ml aliquots were stored at -20°C.

Venipuncture

Participants were allowed to take a low-fat breakfast in the morning before the
blood sampling. From each participant, a trained lab technician drew a (non-fasting)
blood sample (9 ml) from the antecubital vein. Blood was collected in vacuum serum
tubes (Terumo, venosafe), clotted for 45 minutes at room temperature (20-22°C) and
centrifuged for 15 min at 1200 g at 4°C. Serum samples from each participant (~ 3 ml)
were aliquoted into two cryo-tubes for storage at -80°C until analysis.

Chemical analyses

PABA

For analyses, aliquot urine samples were thawed and mixed. PABA recovery was measured
colorimetrically ' at the Laboratory of Division of Human Nutrition of Wageningen
University, The Netherlands. The analytical variation for this assay was <4%. Urine
samples that recovered <50% of the PABA were excluded from analysis as they were
considered incomplete ". Samples containing 50-85 percent PABA were also considered
incomplete, but the content of analytes was proportionally adjusted to 93 percent PABA
recovery '3, Urines with more than 120% recovery of PABA were excluded from analysis
as this indicated interference of the colorimetric assay with other aromatic amines ™.

Nitrogen

Nitrogen was determined with the Kjeldahl method using a semi automated analysis

system (Tecator, Hoganas, Sweden). The analytical variation for this assay was <4%. To

convert nitrogen excretion into protein intake the following formula was used:
(Urinary nitrogen/0.81) * 6.25 ™.

Potassium
Potassium was measured using an ion-selective electrode on a Beckman Synchron LX20
analyzer. Analytical variation was <19%. Potassium excretion was adjusted for faecal
excretion using the following formula:

Potassium excretion = urinary potassium / 0.77 (15).
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Fatty acids in serum

Serum samples were thawed and mixed. Fatty acid distributions (PUFA) were determined
as previously described '® using gas chromatography (Agilent Technologies, Palo Alto,
CA, USA). This is considered as a good biomarker of PUFA intake during the previous
2-3 weeks 8. Fatty acids were identified by comparison with known standards. CV for
components present at level >5% were ~3%. For components present at levels <5%,
CV was 3-5%.

Anthropometry

Height and weight were measured without coat and shoes and with empty pockets
when participants visited the department for venipuncture. BMI of each participant
was computed by dividing weight (kg) by squared height (m?).

Statistical analysis

Intake data for energy as well as most nutrients and biomarkers were normally distributed.
Exceptions were fatty acids, mono- and disaccharides, and total carbohydrates, and
these were log-transformed. Random errors were studied by analyzing the association
of participants according to nutrient intakes between FFQ and food record. To account
for within-person variation in nutrient intake, deattenuated correlation coefficients
were calculated using the following formula:

=, {1/[1+(52w /5% )Ik] }

where r,is the deattenuated Pearson correlation coefficient, 7, is the observed correlation
coefficient, (SZW/ Szb] is the within-person variance divided by the between-person
variance for a nutrient and k = 3, for recording food intake during 3 days . In addition,
energy-adjusted correlation coefficients according to the residuals method were
calculated ". Confidence intervals for the observed correlations were calculated using
Fisher's Z transformation '8

For nutrients for which biological markers were determined (i.e. protein, fatty acids
and potassium), the method of triads '® was applied to calculate the validity coefficient
between intakes by FFQ and the unknown ‘true’ dietary intake. For this analysis, the
following formula was used:

*

rt = \/rFFQ—Biomarker rFFO—FoodRecord /rBiomarker—FoodRecord

The estimate of r, can be interpreted as the upper limit, because errors in estimates
of intake by FFQ and food record are probably correlated °, whereas the correlation
coefficient between the FFQ and biomarker is considered as the lower limit of the true
validity coefficient. Confidence intervals were estimated using bootstrap sampling
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where 200 samples of equal size (n = 105) were obtained by random sampling with
replacement 2.

To evaluate the level of intake, mean protein and potassium excretions estimated from
the biomarker were compared with mean protein and potassium intakes. These excretions
provide a reliable marker of their respective intakes if a participant is in balance for
these nutrients.

All analyses were performed in SAS, version 9.1 (SAS Institute Inc., Cary, N.C., USA).

RESULTS
Participants

We included 46 men, median age 60 [range 25-64] y, and 63 women median age 55
[25-65] y (see table 6.1). Ten of them had a low, 47 a medium and 53 a high educational
level. Participants varied in BMI, ranging from 18 to 38 kg/m? with a median of 25
kg/m2. All 109 participants filled out the FFQ and food records and donated blood. For
analyses of urinary biomarkers, information of four participants was not available; two
because they did not collect urine due to illness and two because their PABA recoveries
were >120%. Concentrations of urinary biomarkers of two other participants, who had
taken only two instead of three PABA tablets, were included because these participants
reported to have collected their urine completely, but had forgotten to take one of the
PABA-tablets.

Table 6.1 Characteristics of study participants

Characteristics Males (n = 46) Females (n = 63) Total group (n = 109)
Median age [range] y 60 [25-64] 55 [25-65] 59 [25-65]
Weight (kg) SD 83.4 + 11.6 69.3 + 103 752 +12.9
Height (m) SD 1.80 + 0.05 1.68 + 0.08 1.73 £ 0.09
BMI kg/m?

<20 (n) 0 3 3

20-25 (n) 21 35 56

25-30 (n) 21 20 41

>30 (n) 4 5 9
Education

Low (n) 7 3 10

Intermediate (n) 18 29 47

High (n) 21 31 52
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Ranking according to nutrient intake

Most correlation coefficients between nutrient intake assessed by FFQ and food records
were between 0.40 and 0.70 (table 6.2). Crude correlation coefficients ranged from 0.26
for PUFA in females to 0.66 for carbohydrates in men. After deattenuation, correlation
coefficients increased and ranged from 0.35 for PUFA in females to 0.73 for carbohydrates
in men. After both deattenuation and energy-adjustment, most correlation coefficients
decreased (table 6.2), and ranged from 0.10 for MUFA in men to 0.62 for protein in
women. In general, the lowest correlation coefficients were observed for fatty acids and
dietary fibre, and the highest correlation coefficients for carbohydrates.

Correlation coefficients between the FFQ and their respective biomarkers were much
lower. In men, correlations were 0.24 for protein, 0.26 for potassium and 0.33 for PUFA
(table 6.3). For women these correlation coefficients were 0.08 for protein, -0.05 for
potassium and 0.27 for PUFA. Correlation coefficients between biomarkers and food
records were generally considerably higher than between biomarkers and FFQ. Partial
correlations for the total group adjusted for sex were between correlations in men and
those in women (table 6.3). Validity coefficients of the FFQ with true intake as estimated
by the method of triads for the total group were 0.50 for protein, 0.36 for potassium
and 0.50 for PUFA.

Table 6.3 Correlation coefficients between protein, potassium and polyunsaturated fatty
acids (PUFA) intake by FFQ, food records and biomarkers, and their validity coefficients
estimated by the method of triads

Nutrient Tero-siomarker LC1] Tevo-rooireeora L Tromarker-raniiecord (€1 Trrgure [C1]

sex (n)

Protein men (n = 44) 0.24 [-0.06; 0.50] 0.40 [0.11; 0.62]  0.20 [-0.10; 0.47] 0.70 [0.20; 1.8]
Protein women (n = 61) 0.08 [-0.18; 0.33] 0.37[0.13;0.57]  0.17 [-0.09; 0.40] 0.41[0.15; 1.5]
Protein total group (n = 105) 0.15 [-0.04; 0.33] 0.38 [0.20; 0.53]  0.18 [-0.01; 0.36] 0.56 [0.26; 0.72]
Potassium men (1 = 44) 0.26 [-0.04:0.51]  0.48[0.21:0.68]  0.43 [0.15; 0.64] 0.53 [0.15; 0.76]
Potassium women (n = 61) -0.05[-0.30; 0.20]  0.53[0.32;0.69]  0.32 [0.07; 0.53] NA

Potassium total group (n = 105)  0.09 [-0.10; 0.28] 0.51[0.35;0.64]  0.38 [0.20; 0.53] 0.35[0.11; 0.55]
PUFA men (n = 46) 0.33 [0.04; 0.57] 0.49[0.23;0.68]  0.44[0.17; 0.65] 0.61[0.10; 0.88]
PUFA women (n = 63) 0.27 [0.02; 0.49] 0.31[0.07;0.52]  0.37 [0.13; 0.57] 0.47 [0.18; 0.75]
PUFA total group (N = 109) 0.30 [0.11; 0.46] 0.38[0.20; 0.53]  0.39 [0.21; 0.54] 0.54 [0.23; 0.72]

Abbreviations: FFQ, food-frequency questionnaire; r., .. . . correlation coefficient between FFQ and
biomarker;

FO-FoodRecord” correlation coefficient between FFQ and food record; r, correlation between

Biomarker-FoodRecord®

biomarker and food record; T ero-ruer validity coefficient of the questionnaire; 95% CI, 95% confidence interval.
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Absolute intakes

Estimates of mean nutrient intakes by FFQ compared to biomarkers were according to
expectations. Based on computations by the Dutch FFQ-TOOL™, the FFQ was expected to
cover 70% of total protein intake in the population. Estimates of protein intake by FFQ
were on average 64% of biomarker excretion in men and 76% in women (table 6.4). For
potassium we expected the FFQ to cover 84% of intake. Estimates of mean potassium
intake by FFQ were 74% of potassium excretion for men and 83% for women.

Participants with a BMI >25 kg/m? underreported 29 g protein and 1144 mg potassium
per day, more than the 21 g protein and 892 mg potassium per day for participants
with BMI <25 kg/m?.

Evaluation of the FFQ

Ready-to-eat meals could not be reported by the FFQ, because they were not selected
from the Dutch National Food Consumption Survey 1998. However, in the evaluation
questionnaire which was filled out by all participants, 40 of the 109 participants reported
to have consumed these meals during the past month. Furthermore 20 participants
indicated to have used vitamin and mineral supplements. Forty-two respondents reported
to have missed other food items in the food list. These foods included crackers and toast
[12], Dutch spiced cake [8], vegetarian meat substitutes [7], and specific types of fish
[4], vegetables [5], salads [5], grains [5]; soy foods [4] and alcoholic drinks [4].

Table 6.4 Correlation coefficients between protein, potassium and polyunsaturated fatty
acids (PUFA) intake by FFQ, food records and biomarkers, and their validity coefficients
estimated by the method of triads

FFQ (g) FFQ relative to  Food record Food record relative ~ Biomarker
biomarker (%)  (g) to biomarker (%) (9)
Men
Protein? 65.7 + 16.1 64 96.7 £ 17.6 94 102.7 + 25.0
Potassium® 3.0+ 0.65 74 4.19 £ 0.98 102 409 + 1.33
Women
Protein® 599 + 175 76 79.7 £ 16.5 101 78.6 + 19.1
Potassium® 2.88 +0.72 83 3.65 + 0.83 105 3.47 £0.97

2 Food items in the FFQ together contributed to 70% of total population intake of protein
b Food items in the FFQ together contributed to 84% of total population intake of potassium
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DISCUSSION

We validated an FFQ generated by a prototype of the Dutch FFQ-TOOL™, a new computer
system which generates and processes FFQs, for its value in ranking participants according
to their nutrient intake. Correlation coefficients between nutrient intakes by FFQ and
food records were moderate to high, although correlations between nutrient intake
and biomarkers were lower. The true validity is expected to lie between the rather low
correlation coefficients with biomarkers, and the moderate to high validity coefficients
obtained by the method of triads estimating the relationship with true intake.

Evaluation of the FFQ

The food list of our FFQ explained at least 87% of explained variance of all nutrients
of interest and the questionnaire performed better to assess energy and carbohydrates
than most FFQs 2% Energy-adjustments according to the residuals method 7 decreased
correlation coefficients between intake according to FFQ and food records, as also
observed in other studies 2-?°. The validity of the tested FFQ was lower than FFQs
previously developed at the division of Human Nutrition of Wageningen University, The
Netherlands ?6%”. An important difference between the present and previous FFQs is that
the older FFQs included a larger number of food items which together contributed to
90-95% of total population intake. In addition, two other FFQs that performed very well
as compared to urinary nitrogen contained 350 food items % or 178 items that covered
at least 90% of contribution to population intake of each nutrient of interest . This
would suggest that the validity of the generated FFQ might be improved by including
more food items that explain a higher percentage of variance.

Protein

Validity coefficients between protein intake by FFQ and true protein intake were moderate
to high and similar to those obtained in other validation studies 2'°%". However, the
confidence intervals were wide due to a small study population. The upper limit of the
confidence interval, which was even above one, may be explained by random sampling
fluctuations in the bootstrap samples and is known as a Heywood case ?'.

The low correlation coefficients with biomarkers may be explained by not taking into
account day-to-day variation in the biomarker. We collected only one urine sample
per participant, whereas protein intake is known to have a large day-to-day variation
in intake 3. This may be accounted for by collecting multiple 24-hour urines. Repeated
urine collections showed higher correlation coefficients in some studies %232 but were
only slightly higher in other studies **-**. In addition, after deattenuation of correlation
coefficients between FFQ and biomarker, using data from another study, our estimates
improved at maximum by 0.05. Thus, day-to-day variation in urine biomarkers is probably
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not the only explanation for the low correlation coefficients observed in our study.

Another explanation may be a suboptimal estimation of protein intake by our FFQ. The
consumption of some protein rich foods, such as meat, is difficult to report in an FFQ
(36). Also, respondents indicated that they had missed some sources of protein in the
FFQ such as some types of fish and meat substitutes. On the other hand, estimates of the
mean group level of protein intake by FFQ were as expected. This discrepancy indicates
that especially the between-subject variation in intake was not captured sufficiently
by our FFQ. Another possible reason is that food habits may have altered over the ten
years since the Dutch Food Consumption Survey was performed that was used as a basis
to generate the questionnaire.

Potassium

Validity coefficients for potassium intake for the FFQ according to triad analyses were
high in men, but we were unable to estimate the validity coefficient for women due to
a negative correlation coefficient between intake by FFQ and biomarker. This negative
correlation coefficient is also a Heywood case that is most likely explained by random
sampling fluctuations #'. A negative correlation indicates that urinary potassium is a poor
indicator of dietary potassium, possibly because of considerable within person variance
in potassium excretion *’. Correlation coefficients between potassium estimated by FFQ
and biomarker were weak for men, but similar to previous studies 35%,

PUFA

The validity coefficients between the FFQ and true intake of PUFA according to triad
analyses were moderate to high. An important difference with the other biomarkers is
that for PUFA both FFQ and biomarker covered a longer reference period that was about
the same for both methods. Correlation coefficients of FFQ intake and polyunsaturated
fatty acids in serum were comparable to those reported in other validation studies 26%.

Generalisation

Motivated individuals participated in this study. They had on average an intermediate to
high educational level, although also lower educated individuals participated. Although
one might expect that lower educated respondents underreport more frequently as
filling out an FFQ is a complex cognitive task ?*, we did not observe any differences
in the level of underreporting by FFQ compared to food records between the different
educational levels. However, participants with a higher BMI underreported more than
those with a higher BMI, which was according to expectations 0.
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Possible improvement of the Dutch FFQ-TOOL™

Based on this study it may be expected that the FFQs developed by the Dutch FFQ-TOOL™,
may improve by including more recent food consumption data which are collected
over more than two days. However, this kind of data is not always available. We used
the Dutch Food Consumption Survey of 1998 because it was the only dataset of this
size available to us at the time of the study. In future new Dutch food consumption
databases will become available and used to update the Dutch FFQ-TOOL™. Therefore,
it may be recommended to improve food lists developed with older datasets by adding
newer foods, which are continuously introduced at the market, when similar food items
or food groups are selected by the Dutch FFQ-TOOL™.

Conclusion

The performance of the present FFQ which was developed using a prototype of the
Dutch FFQ-TOOL™, was comparable with other FFQs. The performance may be improved
by including food items that help to explain a higher level of variance and by updating
food lists with foods that are new at the market by using more recent databases.
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INTRODUCTION

The aim of this thesis was to provide the scientific basis for development of a flexible
data-based system, the Dutch FFQ-TOOL™, to generate and process tailored food frequency
questionnaires using transparent, valid, and reproducible procedures for the assessment
of dietary intake in the Netherlands. In this chapter, main findings of this thesis are
summarized and discussed and recommendations for future research are given.

MAIN RESULTS

First, we studied design characteristics of FFQs in a meta-analysis of FFQ validation
studies. We observed that FFQs with more items in the food list were better able to rank
individuals according to their dietary intake. Inclusion of portion size questions did not
consistently affect the ranking of different nutrients. Therefore, the choice between
including questions about portion sizes or using standard portions must depend on the
aim of the assessment by FFQ and is left to the investigators using the Dutch FFQ-TOOL™.
Thus, the system includes the possibility to add portion size questions, but also to compute
nutrient intake based on standard portion sizes.

After this in depth inventory of FFQ design, we needed a feasible approach for selecting
food items in an automated way which could be incorporated in a computer system. As a
source of information for selection of food items, food consumption databases of the Dutch
population were used. Because FFQs are used to study the relationship between intake
and health outcomes, food items explaining a large variation in intake between persons
would be most informative. Regression analysis is very suitable to select food items for this
purpose, but overloads the computer system. Therefore we validated a simple procedure
that selected food items based on variance in intake, which tested only one combination
of food items, without taking other co-varying items into account. This procedure, called
MOM?2, appeared suitable to select food items based on the highest variance in nutrient
intake, if the explained cumulative variance by all selected foods was required to be at
minimum 80%. Thus, this procedure was incorporated in the Dutch FFQ-TOOL™.

We then held a series of focus group interviews to develop clear questions for use in the
Dutch FFQ-TOOL™. Respondents experienced problems in comprehension of example
questions from FFQs. They tended to restrict their reports of consumption to the given
examples in the questions, resulting in selective answers and less valid results. They also
had difficulties in identifying foods, because categorization of foods was not logical to
them, in aggregating frequencies of consumption of single foods into one food category,
and in assessing relative frequencies of food intake. Using all the information from the
focus group discussions, standard questions and answering categories were developed
for use in the Dutch FFQ-TOOL™.



Discussion

Using a prototype of the Dutch FFQ-TOOL™, we developed a first FFQ. This FFQ was
validated for its ability to rank adults according to their intake of energy, macronutrients,
fatty acids, potassium, and dietary fibre by comparison with biochemical markers of
protein, potassium and fatty acid intake and a 3-day estimated food record, respectively.
The validity of this FFQ was comparable to other FFQs, and may be improved by including
more food items to achieve a higher additive level of explained variance, and by updating
food lists with foods that are new at the market by using more recent information.

In the remainder of the discussion of this thesis, we will discuss the development of the
Dutch FFQ-TOOL™ based on the scientific requirements, requirements from a respondent'’s
perspective and technical requirements.

SCIENTIFIC REQUIREMENTS
Food consumption data

We used the Dutch National Food Consumption Survey 1998 as a food intake database
for the selection of food items in the Dutch FFQ-TOOL™. This is the most extensive and
detailed database that covers all age groups, that was available to us. This database
consists of estimated food records filled out on two consecutive days in 1997/1998 for
6250 individuals aged between 1 and 97 years (y). From this database, a subpopulation
may be selected, defined by age and sex with the limitation that enough individuals
remain to study between-person variation in food consumption in the selection. The
reported food intake of the specified population is used as a source for the selection of
food items for the FFQ. It is recommended to use at least 1000 to 2000 individuals for
the selection of food items to develop a representative food list .

A major limitation of the Dutch National Food Consumption Survey 1998 is that it
contains data that are over ten years old. Therefore food items that entered the market
since 1998 will not be included in new FFQs, and must be added manually to the food
list. Another limitation of the dataset used in our study was that only two subsequent
days of intake were collected. This makes it difficult to estimate the true between-
person variation in intake, especially of foods that are consumed infrequently such as
fish. Thus, between person variance in this dataset was artificially high since this also
contained part of day-to-day variation within persons 2 With more recording days, the
dataset would have better reflected the usual dietary pattern of individuals and would
have been more suitable to select informative food items for an FFQ by regression
analysis. Therefore, it is of utmost importance that more recent food consumption
data, collected over multiple days will be used. Recently, a (semi-) continuous food
consumption surveillance has started, pertaining to the general population aged from
4 to 69 vy, consisting of two non-consecutive 24-hour dietary recalls in combination
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with a self-administered questionnaire. Thus the above described problems will become
less serious in future 2.

Selection of food items

Because FFQs are used to study the relationship between dietary intake and health
outcomes, food items that are able to rank respondents according to their intake between
persons would be most informative. Regression analysis is very suitable to select food
items for this purpose, because it evaluates many different combinations of food items
and their estimated regression coefficients. Regression analysis is very demanding and
if automated it may easily overload the computer system. Regression analysis tests
many possible combinations in search of the most optimal combination of food items
and large databases are used.

An alternative method, called MOM2, simply selects food items based on variance in
nutrient intake * (chapter 3). Since this method does not take covariance in nutrient
intake of different food items and their estimated regression coefficients into account,
and tests only one combination of food items, it does not overload the computer system.
Although this procedure, selected a few more food items than regression analysis, it
appeared sufficient to select food items based on the highest variance in nutrient
intake. In a next step, the selected food items are evaluated in the Dutch FFQ-TOOL™
by computing the percentage of explained variance or percentage contribution of the
selected food items in the food consumption data.

The above procedures assume that regression or MOM?2 are suitable procedures to explain
variation in intake. However, a limitation of the procedures must be taken into account.
Measurement errors in the variance of the food items add up in the total variance of a
nutrient. In this respect it is especially problematic that multiple people from the same
household were included in the Dutch National Food Consumption Survey. Food items
that were consumed by the whole family will have an artificially high between-person
variance and result in false entries. Thus food items with a large between-person error
in estimation of frequency or portion size will result in false entries, whereas other
foods may be omitted.

In addition, we explored the effects of energy-adjustments before selecting food items.
We used energy-adjustments to remove variation due to differences in energy-intake.
We hypothesized that only the most discriminating food items would be included in a
food list using a-priori energy-adjustments. In order to study the suitability of energy-
adjustment, we selected food items to explain crude and energy-adjusted nutrients
using regression analyses in reported intake of 3524 adults aged 25-65 y from the
Dutch National Food Consumption Survey 1998, as described above. Various nutrients
representing different aspects of the food pattern were incorporated. We focused on
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the macronutrients carbohydrates and total fat; dietary fibre for vegetables, fruit, and
cereals; and the micronutrients vitamin C, as a representative nutrient for vegetables,
fruit, and vitamins; and calcium, for dairy foods and minerals. Energy-adjusted nutrient
intakes were computed using the residual method 5. To classify individuals based on
the smaller residual-energy-independent variation in nutrient intake, required much
more food items for macronutrients than based on crude nutrient intakes. For example,
more than 100 detailed food items explained only 26% of variance for carbohydrates.
Thus, an important part of variance in macronutrient intake is explained by variation
in energy intake. For energy-adjusted macronutrients, it was nearly impossible to
explain more than 50 percent of variance in nutrient intake once variability in energy
intake was accounted for. However, for dietary fibre and the micronutrients it did not
affect the number of selected food items, because of a weak association of the tested
micronutrients with energy intake . In conclusion these results show that it is not very
useful to adjust for energy intake before selecting food items.

Portion size questions

For assessment of portion sizes, a choice must be made between the inclusion of
portion size questions or the use of standard portions. In the meta-analysis, described
in chapter 2, the effects of including portion size questions on the validity of FFQs were
still unclear. A reason to include portion size questions, is that estimates of the level
of intake improved according to previous studies 2. Ranking appeared to be worse for
protein and vitamin C when portion-size questions were included in the FFQ instead of
standard portions, but it improved for alcohol. Even when portion sizes were assessed in
a user-friendly way, using pictures *", or fitted from 24-hour dietary recalls ', ranking of
respondents according to their intake hardly improved compared to the use of standard
portion sizes. Reasons may be that respondents have difficulties in estimating consumed
portion sizes ', vary a lot in their consumed portion sizes ">, or the listed portion
sizes do not reflect their usually consumed portion sizes, for example as listed portion
sizes are too small '® or too large. The latter argument is not very likely as portion sizes
in the Dutch FFQ-TOOL™, were based on common Dutch portion sizes ™.

In the above discussion it is important to realize that FFQs developed with the Dutch
FFQ-TOOL™ differ from "Willett type' FFQs. These type of FFQs focus on frequency only
and included questions ask how frequently a standard portion size was consumed.
This type of questions is cognitively very difficult for respondents especially of a low-
educated population. Willett validated his FFQs among well-educated nurses and male
health professionals, which may explain that the problem did not manifest 2-22. However,
we aimed to develop FFQs for the general population and therefore our FFQs assess
on how many days a food was consumed. Amount is addressed separately in terms of
consumption per day and portion sizes or units. Thus, for us, both frequency and portion

121



122

Chapter 7

size are important. Also, the selection of food items in the Dutch FFQ-TOOL™ is based on
consumed amounts (i.e. frequency*portion). This implies that it is not possible to separate
variance in intake in a frequency-based and portion size-based part. Therefore, we think
it is better to add portion size questions to FFQs and we included this possibility in the
Dutch FFQ-TOOL™. However, it is also possible to compute nutrient intakes based on
standard portion sizes in the system.

Processing of FFQs

In addition, we needed valid and reproducible procedures for processing completed
FFQs. Nutrient intakes must be computed based on the composition of the selected
food items. The nutrient composition of each food item is derived from the weighted
mean composition of the single foods of which the food item consisted, as weighted
by the reported amounts in the food consumption database. Thus a limitation of these
computations is that relative weights are based on reported amounts in the Dutch
National Food Consumption Survey 1998. It is difficult to add new foods to existing
food items, because this requires an estimate of the contribution of the new food to
the existing item.

Validation of FFQs

From a scientific perspective, it is important to strive for valid FFQs. Because FFQs cannot
measure dietary intake without errors, they are usually evaluated in a validation study.
Evaluation of FFQs against another dietary assessment method, provides only limited
information, as the validity is probably overestimated, because of correlated errors in
intake estimates 224, Preferably, the validity of FFQs is studied using biochemical markers
of intake, because errors in estimations of biochemical markers are largely independent of
errors in the FFQ . However, biochemical markers also have their limitations. Suitable
markers are available for a limited number of nutrients only, and correlations between
intake by FFQ and biochemical markers are generally only modest, even if the dietary
assessment is very accurate.

Recovery biomarkers can be used to evaluate both ranking of respondents as well as the
level of intake provided by the FFQ. Even recovery biomarkers are influenced by within-
person variation in intake, which result in fluctuations in biochemical indicator levels.
The available recovery markers reflect intake of the very recent past, e.g. the previous
day. Examples are doubly labelled water as a marker of 24-hour energy expenditure
and 24-hour urinary nitrogen as a marker of protein intake. For practical reasons, it is
often not possible to sample more than two to four replicates of biological samples as
a standard for long-term dietary intake.

In addition, concentration markers may be analysed to evaluate ranking of respondents.
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Besides day to day variation in intake, concentration markers are influenced by additional
sources of variability. These include variations in metabolic processes between persons
such as absorption and metabolism of most nutrients, variations in physiological
mechanisms such as binding proteins, differences in bioavailability from different
foods and technical error associated with laboratory measurements '. Thus, it is unclear
whether the biomarker truly represents intake because so many intermediate factors
between nutrient intake and biomarker level are involved. This implies that correlations
between intake by FFQ and concentration markers tend to be low.

Unfortunately, for many nutrients no suitable biochemical markers of intake are available.
Therefore, it is worth exploring possible new biomarkers. In our study, we tested the
feasibility of using sucrose and fructose determined in 24-hour urine, as biomarkers of
total sugars and carbohydrate intake in a large scale validation study. It has been reported
that small amounts of sucrose cross the small intestine unchanged and are excreted in
urine 26, Recently, a few studies were conducted in a residential volunteer suite, where
dietary intake was controlled and all blood and urine samples were collected #. In one
study, participants were fed three different diets with constant levels of sugars, and in
the second study participants were fed their usual diets for 30 days under controlled
conditions in the volunteer suite. Both studies showed that the combined measure of
urinary sucrose and fructose was highly correlated with both sucrose and total sucrose
and fructose intake 8. A third study confirmed these findings, and showed that BMI
did not affect the validity of sucrose and fructose excretions in 24-hour urine used as
biomarkers to estimate total sugars consumption %. Furthermore, these biomarkers
were assessed in spot urines in an epidemiologic study, showing that odds ratios for a
BMI>30 kg/m? were significantly increased across quintiles of sucrose excretion, whereas
no association with dietary intake of sucrose was found *. Thus, urinary fructose and
sucrose are promising biomarkers that can be used to estimate dietary intake of total
sugars and sucrose.

To evaluate whether this biomarker can be used in a real-life setting, we assessed urinary
fructose and sucrose in the 24-hour urines of 109 participants from the validation
study described in chapter 6. For determination of the concentrations of sucrose and
fructose we used similar enzymatic test kits as used by Tasevska et al. 2. However, about
fifty percent of the sucrose samples and forty percent of the fructose concentrations
were below the detection limit of <5 mg per litre. In addition, we observed high
coefficients of variation in laboratory assessment of these biomarkers. Detecting very
low concentrations is possible by using mass spectrometry. Unfortunately, this was not
possible in our study as we had used boric acid as a preservative, which interfered with
the detection of sucrose and fructose in mass spectrometry. Because of the problems
with samples below the detection limit and high coefficients of variation, the results
of sucrose and fructose were not reported in chapter 6. For future large-scale studies,
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sucrose and fructose are also not suitable as biomarkers of dietary intake because low
concentrations may be expected and mass spectrometry is very expensive.

For practical and financial reasons it is impossible to validate each new FFQ. In addition,
as mentioned before, validation studies have their limitations as for most nutrients no
biomarkers are available. Therefore, it would be very helpful to describe the construct validity
of FFQs based on the available information. Construct validity is defined as the degree to
which the data collected reflect or measure the variable of interest. Applied to an FFQ, we
can frame this question as the magnitude of the variance shared between nutrient intake
estimated from the FFQ and true nutrient intake *'. Thus, in the Dutch FFQ-TOOL™, first
estimates of the construct validity of FFQs are provided by explained variance and level of
intake covered by the selected food items .

Energy adjustments

Furthermore, it is generally assumed that energy adjustment improves results of studies,
controlling for confounding, because intakes are estimated from the same foods #3233,
However, in the validation study presented in chapter 6, correlation coefficients between
intake by FFQ and food record decreased after energy-adjustments. This may result from
attenuation of the true correlation and contamination from the effect of an adjusting
covariate %. Beaton et al already cautioned that differential biases in the reporting of
intakes may exist, such as underreporting of unhealthy foods, not alleviating this problem
by energy-adjustments **%. Recently, underreporting of food intake was studied among
low energy reporters that were identified by comparison of reported energy intake by FFQ
with energy expenditure as estimated by doubly labelled water. It was confirmed that
especially the frequency of consumption of unhealthy foods was underreported in the
FFQ 3. Thus these arguments imply that control for confounding by energy-adjustment,
and disentangling the effects of different macronutrients, may be seriously limited by
the quality of the information obtained from the respondents.

RESPONDENT’S PERSPECTIVE

For respondents, food items must be familiar and their consumption must be assessed
in comprehensive questions with clear answering categories.

Food items

It is very important that respondents are motivated to fill out an FFQ, therefore
they must be able to identify the food items in FFQs developed with the system. We
improved recognition of food items in the Dutch FFQ-TOOL™ by developing standardized
hierarchical levels of food groups for use as items in the FFQ, based on expertise of
experienced dieticians at Wageningen University and TNO, the Netherlands. Related food
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codes from the food composition table were combined into food items at different levels
of detail, as required for a study. Grouping into food items was based on similarity in
eating occasions, portion sizes and nutrient contents. For this, the dieticians took into
account whether respondents could possibly answer questions about usual consumption
of each food item. Another way to improve recognition of food items is by the addition of
pictures of food items ¥, this may be done in future. Another problem is that respondents
may find it annoying that their favourite food is not listed in the FFQ. Therefore, an open
space is sometimes provided to write down any missing food items *. However, these
additional food items added little to ranking of respondents or to total nutrient intake
of respondents . This possibility was not included in the Dutch FFQ-TOOL™.

Reference period

In addition, the reference period of an FFQ is important. The researcher developing the
FFQ decides which reference period is most suitable depending on the aim of the study
and the nutrients of interest. A reference period of one month is suitable for assessing
macronutrient intake, whereas one year is more suitable for assessing seasonally
consumed food items and micronutrients *. It is often assumed that intake of the past
month is representative of usual macronutrient intake. Moreover, it is even possible to
include a few questions with a different reference period, for example to assess seasonally
consumed food items. In this case it is important to carefully describe which reference
period must be used for computations of seasonal intake.

Focus group discussions

Focus group discussions, described in chapter 4, showed that too many examples may
confuse respondents or result in differential underreporting. Therefore, we recommended
carefully considering whether including examples, as a clarification, is really necessary.
Questions may be clarified by including cues that stimulate memory of respondents
or remind them of consumed food items ¥. An example of a cue may be "think about
consumption for breakfast, lunch, dinner and as in-between snack”. During the focus group
discussions most respondents were enthusiastic about cues. In the Dutch FFQ-TOOL™, we
did not include standard cues for specific food items. For now, cues have to be entered
manually and the researcher developing the FFQ decides for which questions cues are
appropriate, for example if a food may be consumed at multiple meals.

Frequency questions

To describe frequency of consumption, respondents need clear questions, because they
improve accuracy of FFQs “°. We used findings from previous cognitive research and the
focus group discussions described in chapter 4 to develop clear standard questions for
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the system *73%, Questions were formatted according to the nested approach described
by Subar et al. *°. In this approach, frequency of intake is first assessed followed by more
specific questions about number of portions, portion sizes and preparation methods.
Sometimes, summary questions are added to correct answers to individual questions.
Summary questions have been shown to improve estimates of the level of intake,
but resulted in larger errors if the interest was ranking of respondents according to
their intake *'. Therefore, we included the possibility to add summary questions in the
Dutch FFQ-TOOL™. Furthermore, open-ended response formats are often used to allow
respondents to report frequency of consumption in a way that suited their cognitive
preferences, but they often failed to fill it out correctly *°. Therefore, the Dutch FFQ-
TOOL™ includes only closed questions.

Portion size questions

Consumed amounts must be indicated in the FFQ using portion size questions that are
easily understood and filled out by respondents. Respondents often skip portion size
questions *°, probably because many respondents find it difficult to estimate portion
sizes. In the literature, several methods to assess portion sizes have been described such
as: describing if usual intake is smaller or larger than a specified medium portion size *,
describing intake of small, medium or large portion sizes *#*, describing portion sizes in
household measures such as spoons *“¢ or by including pictures of different portion sizes
91 We did not include pictures for the estimation of portion sizes in the system. Usually
only one component of a meal is shown on a picture, and respondents tend to choose the
medium portion size. Therefore, ranking of respondents hardly improved when portion sizes
were estimated using pictures compared to standard portions ”'*. Cognitive strategies
to report portions have been studied *#. For reporting portions, respondents preferred to
define ranges of portions in household measures, such as one cup or two cups *. Thus, we
recommend adding portion size questions described in household measures.

TECHNICAL REQUIREMENTS

Standardizing procedures

In the Dutch FFQ-TOOL™, FFQ development must include the automated selection of food
items and generating standard questions for the selected food items. In addition, the system
must be able to compute nutrient intake of completed FFQs based on selected food items.

Selection of food items

A major challenge during the development of the Dutch FFQ-TOOL™, was the automated
selection of food items in the system. As described above (see scientific requirements),
it was not possible to select food items for ranking respondents according to their
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intake using regression analysis. Theoretically it would have been better to select food
items using regression analysis. However, the gains of more precise classification should
be balanced against other factors that influence the validity of FFQs. For example,
respondents may underestimate their food intake if fewer food items are included in
the FFQ *7, whereas increasing the number of items may lead to overreporting *'. The
order in which food items are listed in the FFQ also influences responses **, for example
putting specific items in the FFQ prior to general items was shown to increase reported
intake relative to vice versa *. Moreover, it is important that a food list is comprehensible
for respondents, and it may be desirable to add extra food items if this increases the
face validity of FFQs. Modifications that increased comprehensiveness, such as clear
questions, improved validity of estimates of nutrient intake *. All these factors support
using a simpler method such as MOM2, because the precision gained by using forward
regression is limited compared to the impact of above mentioned factors.

Level of aggregation

Food items may be enquired at different aggregation levels depending on the level of
detail required for the aim of a study. Therefore, we divided foods into several subgroups
at different levels of aggregation. Foods in the Dutch food composition table were
categorized into 24 food groups such as 'bread’, ‘fruit' and 'vegetables. For use as items
in FFQs, these food groups were further subdivided into smaller food groups at three
hierarchical levels of aggregation of food items. To compose a food list for an FFQ, a
choice must be made on the most appropriate level of aggregation for each food item.
To assess the level of intake for example for monitoring purposes highly aggregated food
items are more suitable. The reason is that the level of intake is often overestimated
when many detailed food items are included “'*’. However, in epidemiology we are
more interested in ranking individuals accurately according to their intake. In this
case, food items at a detailed level are more suitable, because they better capture the
between-person variation in intake. However, a disadvantage of selecting food items at
a detailed level is that it results in a longer food list. We hypothesized that optimization
processes such as linear programming could help to decide on the most informative
level of aggregation *°*°. However, this was not possible, because differences in nutrient
contents of foods in a food item and frequency of consumption could not be taken into
account. Thus other optimization techniques might be needed.

This optimization should also take into account that the dietician usually creates new
food groups during the development process to differentiate between, for example,
oranges that are very important to explain vitamin C intake, and ‘other types of citrus
fruit' that are important when grouped together. Because we were not able to automate
the selection of food items, we created a screen in the Dutch FFQ-TOOL™ that shows
values of variance in intake or percentage contribution for food items at different levels of
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aggregation. The dietician can use this information to decide which level of aggregation
is most appropriate. In a next step the selected food items are evaluated in the system
by computing the percentage of explained variance or percentage contribution of the
selected food items in the food consumption data. In future research, we aim to further
standardize decisions about different levels of aggregation.

Composing a food list for multiple nutrients

Another difficulty, in composing a food list, is that an FFQ must be composed to assess
multiple nutrients of interest. This is one of the reasons that developing a food list is a
very time-consuming process for a dietician developing an FFQ. Foods added to explain
further nutrients, also add to explained variance for the earlier selected nutrients.
Therefore, there must be an optimum, explaining intake of all nutrients of interest with
a minimum number of food items, as too long lists bore respondents.

We explored possibilities of linear programming to optimize the solution to this
problem °'. It was possible to further optimize selections for two nutrients of interest
using the modelling program AIMMS® (of Paragon Decision Technology). This program
uses two-dimensional graphs to decide which foods must be included. However, FFQs
are usually developed for much more than two nutrients of interest. The use of two-
dimensional graphs limits possibilities to study optimal solutions for FFQs that must
assess more than two nutrients of interest. This would require three, four, five or even
multidimensional graphs. Thus, further research must use more complex models to solve
this optimization problem for multiple nutrients of interest.

Therefore, we needed a practical solution and studied whether the order of selections for
different nutrients influenced the final food list for different combinations of nutrients
(chapter 3). In the first approach, the order was from the nutrient of which 80%
variance was explained by the lowest number of food items, to the nutrient explained
by the highest number. In the alternative approach the reverse order was used. Analyses
were done for the following sets of nutrients: vitamin C and carbohydrates, fat and
carbohydrates, dietary fibre and carbohydrates. Selections made first for nutrients of
interest explained by the lowest number of food items, followed by those explained
by a high number of food items, led to the lowest total number of food items at the
highest level of explained variance. Thus, combining a food list for multiple nutrients
of interest should from the nutrient explained by the lowest number of foods to the
highest, taking priorities in the ultimate study into account.
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Processing of FFQs

Processing of completed FFQs must be automated in the Dutch FFQ-TOOL™, based on
the selected food items. We thoroughly tested automated nutrient computations in the
Dutch FFQ-TOOL™, and compared results with nutrients computations using standard
procedures. In addition, minima and maxima of consumed amounts and missing values
of completed FFQs are shown to the researcher who evaluates these values and adapts
the data were needed. Thus, procedures for quality control were also semi-automated
and included in the Dutch FFQ-TOOL™.

GENERALIZATION
Developing FFQs for different populations

In our objective, we aimed to develop tailored FFQs for different target populations with
the Dutch FFQ-TOOL™. A first step for developing FFQs for these populations, is to import
the appropriate food consumption data. For the development phase of the Dutch FFQ-
TOOL™ we have used the Dutch Food Consumption Survey 1997/1998. However, food
consumption surveys are held every few years and can therefore be used to update food
consumption data in the Dutch FFQ-TOOL™. Food consumption surveys of small children
and young adults (18-30y) are also available and will be imported 5%, However, smaller
populations are included in these surveys making them less representative of the target
population. Besides that, we must consider if the FFQ is the most appropriate dietary
assessment method for the target population. For example in the elderly, dietary reporting
may be inaccurate due to cognitive problems . It is recommended to evaluate this before
deciding to apply an FFQ. Also, FFQs developed for children must be adapted for them. For
example, questions, or a selection of questions, must address their parents and FFQs must
include smaller portion sizes than FFQs for adults. Thus, developing FFQs for different target
populations than adults is possible if appropriate food consumption data is imported and
adaptations are made to standard questions and answering categories.

Developing FFQs for individuals with different cultural backgrounds is more difficult.
Culture-specific food intake data needs to be collected first as a source for the selection
of foods for the FFQ *¢*”_ In addition, completeness of food intake data must be evaluated.
Respondents may have left out some foods because they believed that the interviewer
was unfamiliar with some culture-specific foods or did not approve of certain foods . In
addition, focus group discussions are necessary to define culture-specific food groups and
to define portion sizes. Also, a culture-specific nutrient database must be developed .
Thus, to develop FFQs for individuals with different cultural backgrounds with the Dutch
FFQ-TOOL™  is still labour-intensive.
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Developing FFQs for different nutrients of interest

In the Dutch FFQ-TOOL™, we aim to develop FFQs for assessing energy and nutrients
of interest. In the different chapters of this thesis, we had to focus on a few nutrients.
In chapter 2, we included energy and all energy-providing macronutrients (i.e. protein,
carbohydrates, fat, and alcohol). We added vitamin C and dietary fibre to represent fruit
and vegetables and some other food components, for example, calcium, to represent
other specific foods. In chapter 3 we selected food items for carbohydrates, fat, vitamin
C, dietary fibre and calcium. Thus, we used a selection of the nutrients used in chapter 2
for the evaluation of the selection procedures. In chapter 6, we developed an FFQ with
the system that focused on nutrients for which biochemical markers were available i.e.:
protein, potassium, mono- and disaccharides and fatty acids and some of the nutrients
included in the previous studies: energy, carbohydrates, total fat, and dietary fibre. We
assume that the Dutch FFQ-TOOL™ is also suitable to develop FFQs for other nutrients.
In future, we would like to include the possibility to select food groups.

FUTURE RESEARCH

In future research, we would like to focus on further development of the Dutch FFQ-
TOOL™. To increase transparency, selection of food items at different hierarchical levels of
aggregation and for multiple nutrients of interest needs to be further optimized. This may
be done by exploring other possibilities of decision science than linear programming.

A challenge is to develop FFQs that are up to date regarding trends such as consumption
of mixed dishes, functional foods and the use of supplements. There will always be a
delay between collection of food consumption data and incorporation of this database
in the Dutch FFQ-TOOL™. Therefore, it is necessary to add new food items that were
introduced since the sampling of food consumption data used for the selection.
Researchers must use their professional expertise to decide on which new food items
must be added. Also, procedures must be included to add food items that increase the
face validity of FFQs.

We also recommend developing web-based FFQs because these are more convenient
for respondents and might help to reduce misreporting. In the Netherlands in 2008,
919% of all individuals had access to the internet. The percentage of individuals with
access to the internet decreases with increasing age: 98% for 12 to 25 y old, 96% for
25 to 45 y old, 91% for adults between 45 and 65 y and 57% for adults between 65
and 75y in 2008 *. This indicates that web-based FFQs are especially suitable to use
in populations aged 65 y and younger.

Important advantages of web-based FFQs over paper versions include increased
comprehension of web-based FFQs by including tailored pop-up. Also, web-based
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FFQs may include pictures of unfamiliar foods to improve identification of foods
(and estimation of portion sizes) ®2%°, Assessing frequencies of consumption may be
improved by including more frequency categories and by providing information about
the relative frequency categories. We recommend including portion size questions as
both frequency and portion size are important for explaining variance in intake. These
portion sizes must be described in household measures as these are most convenient
for respondents. Also, reporting will be more accurate, as respondents can be compelled
to fill out questions, and skip questions that do not apply to them. Thus, self-reports by
web-based FFQs will reduce the amount of data cleaning, but require the respondents
to have access to a computer.

CONCLUSION

From a scientific perspective it is of utmost importance that more recent food
consumption data collected over multiple days will become available for development
of new FFQs. Ideally, food items would have been selected using regression analysis in
the Dutch FFQ-TOOL™ for ranking respondents according to intake, however, procedures
overloaded the system because large databases were used. Because of limitations in the
food consumption database, and because variances dominate the selection process over
covariance, it appeared suitable to select food items based on the highest variance in
nutrient intake. We recommend including portion size questions as both frequency and
portion size are important for explaining variance in intake. These portion sizes should
be described in household measures as these are most convenient for respondents. In
addition, the Dutch FFQ-TOOL™ provides first estimates of the construct validity of FFQs
by explained variance and level of intake covered by the selected food items. And the
validity of a first FFQ in a validation study was comparable to other FFQs, and may be
improved by including more food items to achieve a higher additive level of explained
variance and by updating food lists with foods that are new at the market by using
more recent information.

From a respondent’s perspective it is important that we developed a system that
generates FFQs that are clear to respondents by improved recognition of food items
in the Dutch FFQ-TOOL™, by standardized hierarchical levels of food groups for use as
items in the FFQ, and by clear questions to assess frequency of consumption. In future,
web-based FFQs will become more convenient for respondents because questions that
do not apply to them can automatically be skipped.

Because of technical limitations, it was impossible to automate selection of food items
completely, but standard questions were automatically generated and procedures for
processing FFQs were also automated. Although we were not able to automate all
procedures in this system, new FFQs are developed considerably faster using this system
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than by a dietician that uses standard procedures. Time-consuming elements include
identifying important foods for all nutrients of interest, aggregating these foods to
food items, composing a food list from these food items, transposing the food list into
standard questions with answering categories and adding questions about portion sizes
and preparations, quality control of completed FFQs, composing a nutrient database
for processing of filled out FFQs and finally quality control of processed FFQs. All have
become easier or faster with this new approach. In addition automating procedures
increased transparency of FFQ development, for example because food lists of FFQs are
saved in the Dutch FFQ-TOOL™. These food lists show exactly which single foods were
used to compose a food item.

Thus, we have developed a comprehensive data-based system in which researchers
in the Netherlands may develop and process food frequency questionnaires (FFQs) in
a standardized way to assess individual intakes for different research purposes and
populations.
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| Summary

SUMMARY

Food frequency questionnaires (FFQs) are widely used to assess dietary intake of large
populations. The popularity of FFQs stems from their ease of administration, ability to
assess dietary intake over an extended period of time, and low costs. They are therefore
often used in epidemiologic studies to investigate the relation between diet and disease.
A well-designed FFQ aims at assessing habitual intake of foods or nutrients of interest
in a specific population. This implies that the food list of an FFQ has to be adapted to
food consumption habits of the target population and updated, with new foods at the
market, when re-used some time after initial development. Unfortunately, FFQs are often
re-used without adaptations due to lack of expertise, time or finances. In order to make
the development of new FFQs easier and more standardized, we developed a computer
system to generate, apply and process FFQs, the so called 'Dutch FFQ-TOOL™. The overall
aim of this thesis is to provide the scientific basis for development of a flexible data-based
computer system to generate, apply and process tailored FFQs for multiple nutrients of
interest and target groups and to evaluate this system.

In order to develop a scientifically sound system, we conducted a meta-analysis of 40
validation studies (chapter 2) and investigated the role of FFQ design, including length
and use of portion-size questions, in ranking individuals according to their nutrient
intake. In addition, we studied the ability of the FFQ to detect differences in energy intake
between subgroups and to assess energy and protein intake. We observed that FFQs
with longer food lists (>200 items) were better than shorter FFQs at ranking individuals
for intake of most nutrients; results were statistically significant for protein, energy-
adjusted total fat, and energy-adjusted vitamin C. We found that FFQs that included
standard portions had higher correlation coefficients for energy-adjusted vitamin C (0.80
vs. 0.60, p < 0.0001) and protein (0.69 vs. 0.61, p = 0.03) than FFQs with portion-size
questions. However, it remained difficult from this review to analyze the effects of using
portion-size questions. Ranking was worse for protein and vitamin C determined by FFQs
that used portion-size questions instead of standard portions, and ranking improved for
alcohol when FFQs used portion-size questions. FFQs slightly underestimated gender
differences in energy intake. We concluded that FFQs with more items are better able
to rank people according to their intake than shorter FFQs. In addition, FFQs are able to
distinguish between subpopulations, even though they underestimated the magnitude
of these differences. Because of these findings, researchers have the possibility to add
portion size questions in the Dutch FFQ-TOOL™ , but can also compute nutrient intake
based on standard portions.

After this in depth exploration of FFQ design, we needed a feasible approach to automatically
select food items in the computer system. For the selection of food items, several methods
are available. Because FFQs are used to study the relationship between food intake and
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health outcomes, food items explaining a large variation in intake between persons
would be most informative. Regression analyses are not suitable in this case, because the
procedure overloaded the databases in the system given the complexity of the analyses.
Therefore, we used a simpler procedure, called MOM?2, that selected food items explaining
most of the variance in nutrient intake, but without taking the covariance with other items
into account as regression analysis does. We compared food lists made by MOM2, with food
lists made by forward regression (chapter 3). Food items were selected for the nutrients of
interest from two days of recorded intake in 3524 adults aged 25-65y. Food lists composed
to explain 80% of variance by MOM2 were compared to those by 80% explained variance
for regression. They were compared based on differences between the number and type of
food items, and were evaluated on 1) the percentage of explained variance by regression
analysis and 2) percentage contribution to population intake computed for the selected
items on the food list. MOM2 selected the same food items for calcium, a few more for
total fat and vitamin C, and a few less for carbohydrates and dietary fiber than regression
analysis. Food lists by MOM?2 based on 80% explained variance in intake covered 75%
to 87% of explained variance by regression analysis and contributed 53% to 75% to the
total level of population intake for the nutrients of interest. We concluded that selections
by variance in nutrient intake or MOM?2 is a practical procedure for developing food lists
for FFQs and selections by MOM2 were comparable to those by regression analysis. Thus,
this procedure was incorporated in the Dutch FFQ-TOOL™.

After that, we held a series of focus group interviews to develop clear questions to be
applied in FFQs generated by the Dutch FFQ-TOOL™. Filling out an FFQ is a complex
task, because a variety of cognitive processes is involved in filling out an FFQ. Therefore
problems experienced by Dutch respondents when filling out an FFQ were studied to
improve questions for FFQs (chapter 4). Based on think-aloud interviews and literature,
categories of problems were identified and discussed in seven focus group meetings
with 40 respondents aged 25-40 y or 40-65 y. Example questions from FFQs used in
the meetings had been improved according to principles of cognitive science. Results of
discussions were transcribed and analyzed by means of thematic coding. Respondents
experienced problems in comprehension of questions resulting in selective answers because
they tended to restrict their reports to the given examples. They also had difficulties in
identifying foods, because categorization of foods was not logical to them; in aggregating
frequencies of consumption of single foods into one food category; and in assessing
relative frequencies of foods. This study confirmed that filling out questions of an FFQ is
a complex task for respondents. Questions from an FFQ that was improved by principles
of cognitive science, may still cause problems relating to question comprehension, food
identification and reporting of frequencies. FFQs may be further improved by removing
or changing examples to the questions, and by including cues that explain for example
how to answer questions about relative frequencies. Based on these findings, we did not
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add any examples to questions in the Dutch FFQ-TOOL™. Using all the information from
the focus group discussions, standard questions and answering categories were developed
for use in the Dutch FFQ-TOOL™.

A prototype of the Dutch FFQ-TOOL™ was developed based on the information from the
above described studies (chapter 5), and used to develop a first FFQ. This FFQ was validated
for the aim to rank participants according to their intake of energy and selected nutrients
(chapter 6). We generated an FFQ of 118 food items including food items that explained
at least 80% of variance in intake of energy, macronutrients, fatty acids, potassium and
dietary fiber of a representative sample of the Dutch population according to data from
the Dutch National Food Consumption Survey 1998. Intakes according to FFQs completed
by 46 men and 63 women of 25-65 y were compared with those by 3-d estimated food
records, by nitrogen and potassium excretions in 24-h urine checked with PABA, and by
concentrations of polyunsaturated fatty acids (PUFA) determined in serum cholesterylesters.
Deattenuated correlation coefficients between nutrient intake by FFQ and food records
ranged from 0.35 for PUFA to 0.73 for carbohydrates. Lower limits of the validity coefficient,
estimated by correlation coefficients between protein, potassium, and PUFA intakes by
FFQ with nitrogen and potassium in urine and PUFA in serum, were 0.24, 0.26 and 0.33 for
men, and 0.08, -0.05 and 0.27 for women, respectively. We applied the methods of triads to
estimate upper limits of the validity coefficients between FFQ and true intake for protein,
potassium and PUFA by combining correlation coefficients between FFQ, food records and
their respective biomarkers. These were 0.50, 0.36 and 0.50 for protein, potassium and
PUFA, respectively. We conclude that this first FFQ developed by the Dutch FFQ-TOOL™
performed rather well, although improvement of generated FFQs is possible by selecting
food items explaining a higher level of variance and including new foods.

To further improve the Dutch FFQ-TOOL™ it is of utmost importance that more recent
food consumption data collected over multiple days will become available as input for
development of new FFQs (chapter 7). In future, the Dutch FFQ-TOOL™ must incorporate
the possibility to develop web-based FFQs that are more convenient for respondents. An
important advantage of web-based FFQs over paper versions is increased comprehension
of web-based FFQs if tailored pop-ups and pictures of unfamiliar foods are included to
improve identification of foods. Assessing frequencies of consumption may be improved
by including more frequency categories and by providing information about the relative
frequency categories. We recommend to include portion size questions as both frequency
and amount are important for explaining variance in intake. These portion sizes must
be described in household measures as that is most convenient for respondents. Also,
reporting will be more accurate, as respondents can be compelled to fill out questions,
and skip questions that do not apply to them. Thus, although self-reports by web-based
FFQs require the respondents to have access to a computer, they will reduce the amount
of data cleaning and are likely to improve quality of the obtained information.
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Because of technical constraints during the project it was impossible to automate
selection of food items completely, but standard questions are automatically generated
and procedures for processing FFQs are also automated. Although we were not able to
automate all procedures in this system, new FFQs are developed considerably faster
using this system than by a dietician that uses best-practice standard procedures.
Time-consuming procedures that have become easier or faster include the following:
identification of important foods for all nutrients of interest, aggregation of these foods
to food items, composition of a food list from these food items, transposition of the food
list into standard questions with answering categories and addition of questions about
portion sizes and preparations, quality control of completed FFQs, composition of a nutrient
database for processing of filled out FFQs based on the Dutch food composition table and
finally quality control of processed FFQs. In addition, automating procedures increased
transparency of FFQ development. Thus, we have developed a comprehensive data-based
system that can be used to efficiently develop and process food frequency questionnaires
(FFQs) in a standardized way to assess individual intakes for different research purposes
and populations.
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SAMENVATTING

Voedselvragenlijsten (FFQs) worden veel gebruikt om de voedingsinname in te schatten
van grote populaties. De populariteit van voedselvragenlijsten wordt verklaard door het
gemak waarmee ze verspreid worden, de mogelijkheid om voedselinname gedurende
langere tijd in te schatten en de relatief lage kosten. Ze worden daarom veel gebruikt in
epidemiologisch onderzoek om de relatie tussen voeding en gezondheid te bestuderen.
Een goed ontworpen FFQ heeft als doelstelling om de gebruikelijke inname van bepaalde
voedingsmiddelen of nutriénten te meten in een specifieke populatie. Dit betekent dat de
voedingsmiddelenlijst van een FFQ aangepast moet worden aan de voedingsgewoonten
van de populatie en dat nieuwe voedingsmiddelen moeten worden toegevoegd, wanneer
de FFQ na enige tijd opnieuw gebruikt wordt. Helaas worden FFQs vaak opnieuw gebruikt
zonder aanpassingen vanwege gebrek aan expertise, tijd of geld om dit te doen. Om het
aanpassen, ontwikkelen en verwerken van FFQs te vergemakkelijken en standaardiseren,
hebben wij een computersysteem ontwikkeld, de zogenaamde ‘Dutch FFQ-TOOL™. Het
algemene doel van dit proefschrift is dan ook om de wetenschappelijke basis te leggen
voor de ontwikkeling van een flexibel op data gebaseerd computersysteem voor het
genereren, toepassen en verwerken van FFQs voor meerdere nutriénten en doelgroepen
en om dit systeem te evalueren.

Om een wetenschappelijk onderbouwd systeem te ontwikkelen, hebben we een meta-analyse
van 40 validatiestudies uitgevoerd (hoofdstuk 2) om de rol van het FFQ-design, inclusief
de lengte en het gebruik van portiegroottevragen te bestuderen, voor het rangschikken
van individuen naar hun nutriéntinname. Verder bestudeerden we de mate waarin FFQs in
staat waren om onderscheid te maken tussen subgroepen met betrekking tot verschillen
in energie en eiwitinname. We zagen dat FFQs met langere voedingsmiddelenlijsten
(>200 items) beter waren dan kortere FFQs in het rangschikken van individuen naar hun
inname voor de meeste nutriénten; de resultaten waren statistisch significant voor eiwit,
energie-gecorrigeerd totaal vet en energie-gecorrigeerde vitamine C. We vonden dat
FFQs die gebruik maakten van standaardporties hogere correlatiecoéfficiénten hadden
voor energie-gecorrigeerde vitamine C (0.80 vs. 0.60, p < 0.0001) en eiwit (0.69 vs. 0.61,
p = 0.03) dan FFQs met portiegroottevragen. Het bleef echter lastig om op basis van
deze review de effecten van het gebruik van portiegroottevragen te analyseren. Het werd
lastiger om individuen naar hun vitamine C- en eiwitinname te rangschikken wanneer
portiegroottevragen gebruikt werden op de FFQ, terwijl portiegroottevragen dit juist
verbeterden voor alcoholinname. Verder werden de geslachtsspecifieke verschillen in
energie-inname licht onderschat met FFQs. We concludeerden dat FFQs met meer items
beter in staat zijn om individuen te rangschikken naar hun inname dan kortere FFQs.
Verder zijn FFQs in staat om onderscheid te maken tussen subgroepen ook al worden deze
verschillen onderschat. Op basis van deze bevindingen hebben onderzoekers de mogelijkheid
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om portiegroottevragen toe te voegen in de 'Dutch FFQ-TOOL™, maar is het ook mogelijk
om de nutriéntinname te berekenen op basis van standaardporties.

Na deze grondige bestudering van het design van FFQs, hadden we een geschikte
methode nodig om voedingsmiddelen te selecteren binnen het system. Voor de selectie
van voedingsmiddelen zijn verschillende methodes beschikbaar. Omdat FFQs gebruikt
worden om de relatie tussen voedselinname en gezondheidsuitkomsten te bestuderen,
zouden voedingsmiddelen die een groot deel van de variantie in inname tussen personen
verklaren het meest informatief zijn. Regressieanalyses zijn niet geschikt in dit geval,
omdat de procedure de databases in het systeem doet overlopen vanwege de complexiteit
van de analyses. Daarom gebruikten we een simpelere procedure die MOM2 wordt
genoemd. Deze procedure selecteert voedingsmiddelen die het grootste deel van de
variantie in inname verklaren zonder rekening te houden met de covariantie van andere
items zoals een regressieanalyse doet. We vergeleken een voedingsmiddelenlijst gemaakt
met behulp van MOM2, met lijsten die met regressieanalyse waren gemaakt (hoofdstuk
3). Voedingsmiddelen werden geselecteerd voor de doelwitnutriénten uit tweedaagse
dagboekjes bijgehouden door 3524 volwassenen van 25-65 jaar. Voedingsmiddelenlijsten op
basis van 80% variantie met behulp van MOM2 werden vergeleken met voedingsmiddelen
die 80% van de variantie verklaarden met behulp van regressie. Ze werden vergeleken op
basis van het aantal en type voedingsmiddelen en werden geévalueerd op 1) percentage
verklaarde variantie met behulp van regressieanalyse en 2) percentage bijdrage aan
het niveau van inname in de populatie berekend voor de geselecteerde items op de
voedingsmiddelenlijst. MOM?2 selecteerde dezelfde voedingsmiddelen voor calcium,
een paar meer voor totaal vet en vitamine C, en een paar minder voor koolhydraten en
voedingsvezel dan de regressieanalyse. Voedingsmiddelenlijsten op basis van 80% MOM2
bereikten 75% tot 87% verklaarde variantie volgens regressieanalyse en droegen bij aan
530% tot 75% van het niveau van inname in de populatie voor de verschillende nutriénten.
We concludeerden dat selecteren op basis van variantie in inname, oftewel MOM2, een
praktische procedure is voor het ontwikkelen van voedingsmiddelenlijsten voor FFQs en
de resultaten waren vergelijkbaar voor MOM?2 en regressieanalyses. Deze procedure werd
daarom ingebouwd in de ‘Dutch FFQ-TOOL™.

Daarna hielden we een aantal focusgroepinterviews om duidelijke vragen te ontwikkelen
voor gebruik in FFQs gegenereerd door het computersysteem. Het invullen van een FFQ is
een lastige taak, omdat een aantal verschillende cognitieve processen betrokken is bij het
invullen van een FFQ. Daarom bestudeerden we problemen die Nederlandse respondenten
ondervonden bij het invullen van een FFQ om vragen voor FFQs te verbeteren (hoofdstuk 4).
Op basis van "think aloud’ interviews en de literatuur werden categorie€n van problemen
geidentificeerd en bediscussieerd in zeven focusgroepbijeenkomsten met 40 respondenten
van 25-40 jaar of 40-65 jaar. Voorbeeldvragen die gebruikt werden tijdens de bijeenkomsten
kwamen uit FFQs die al verbeterd waren op cognitief gebied. Resultaten van deze discussies
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werden uitgeschreven en geanalyseerd met behulp van thematisch coderen. Respondenten
begrepen sommige vragen niet goed waardoor ze hun antwoorden beperkten tot één of
enkele van de gegeven voorbeelden. Ze hadden ook problemen met de identificatie van
voedingsmiddelen omdat de indeling van voedingsmiddelen niet logisch voor hen was; met
het schatten van de frequentie van consumptie wanneer dit gevraagd werd voor een aantal
voedingsmiddelen tegelijk en met het schatten van relatieve frequenties waarmee bepaalde
voedingsmiddelen werden gegeten. Dit onderzoek bevestigde dus dat het invullen van een
FFQ een lastige taak is voor respondenten. FFQs zouden verder verbeterd kunnen worden
door het verwijderen of veranderen van voorbeelden bij de vragen en door aanwijzingen
toe te voegen die aangeven hoe vragen over bijvoorbeeld relatieve frequenties kunnen
worden ingevuld. Op basis van deze bevindingen besloten we om geen voorbeelden toe te
voegen aan de standaardvragen in de 'Dutch FFQ-TOOL™. Met behulp van alle informatie
uit de focusgroepinterviews ontwikkelden we standaardvragen en antwoordcategorieén
voor gebruik in de 'Dutch FFQ-TOOL™.

Een prototype van het systeem werd ontwikkeld op basis van de informatie uit de
hierboven beschreven onderzoeken (hoofdstuk 5) en hiermee werd een eerste FFQ
gemaakt. Deze FFQ werd gevalideerd op de doelstelling om volwassenen te rangschikken
naar hun inname van energie en geselecteerde nutriénten (hoofdstuk 6). We genereerden
een FFQ van 118 items door voedingsmiddelen op te nemen die minstens 80% van de
variantie in energie, macronutriénten, vetzuren, kalium en voedingsvezel verklaarden
in een representatieve groep uit de Nederlandse bevolking met behulp van data van de
Nederlandse Nationale Voedselconsumptiepeiling 1998. Inname volgens FFQs ingevuld
door 46 mannen en 63 vrouwen van 25-65 jaar werden vergeleken met hun inname
volgens een 3-daags voedseldagboekje en stikstof- en kaliumuitscheiding in 24-uurs urine,
gecontroleerd op compleetheid met behulp van PABA-tabletten en met concentraties
van meervoudig onverzadigde vetzuren (PUFA) bepaald in serum cholesterylesters.
Gedeattenueerde correlatiecoéfficiénten tussen nutriéntinname volgens FFQ en volgens
het voedseldagboekje lagen tussen de 0.35 voor PUFA en 0.73 voor koolhydraten.
Ondergrenzen van de validiteitscoéfficiént, geschat door de correlatie tussen eiwit, kalium
en PUFA-inname volgens FFQ met stikstof en kalium in urine en PUFA in serum, waren
respectievelijk 0.24, 0.26 en 0.33 voor mannen en 0.08, -0.05 en 0.27 voor vrouwen. We
gebruikten de triadmethode om de bovengrens van de validiteitscoéfficiént te schatten
tussen FFQ en de werkelijke inname voor eiwit, kalium en PUFA door de correlaties tussen
FFQ, voedseldagboekje en de respectievelijke biomerkers te combineren. Deze waren
respectievelijk 0.50, 0.36 en 0.50 voor eiwit, kalium en PUFA. We concludeerden dat de
validiteit van de eerste FFQ ontwikkeld met de ‘Dutch FFQ-TOOL™ redelijk goed was, hoewel
verbetering van de gegenereerde FFQs mogelijk is door het opnemen van voedingsmiddelen
die een hoger percentage variantie verklaren en door voedingsmiddelen op te nemen die
nieuw op de markt zijn gekomen.
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Om de 'Dutch FFQ-TOOL™ nog verder te verbeteren is het uiterst belangrijk dat recentere
voedselconsumptiegegevens, verzameld gedurende meerdere dagen, beschikbaar worden
als bronbestand voor de ontwikkeling van nieuwe FFQs (hoofdstuk 7). In de toekomst moet
de 'Dutch FFO-TOOL™" de mogelijkheid krijgen om online vragenlijsten te ontwikkelen
die gebruiksvriendelijker zijn voor respondenten. Een belangrijk voordeel van online
vragenlijsten ten opzichte van papieren versies is een groter begrip doordat pop-ups en
foto's van onbekende voedingsmiddelen kunnen worden bekeken om zo de identificatie
van voedingsmiddelen te verbeteren. Het inschatten van consumptiefrequenties kan
verbeterd worden door meer frequentiecategorieén op te nemen en door uitleg te geven
bij de relatieve frequentiecategorieén. We raden aan om portiegroottevragen op te nemen,
omdat zowel frequentie als hoeveelheid belangrijk zijn voor het verklaren van de inname.
Deze porties moeten omschreven worden in huishoudelijke maten, aangezien dat het
makkelijkste is voor respondenten. Ook wordt rapporteren nauwkeuriger als respondenten
gedwongen worden om vragen in te vullen en zij vragen kunnen overslaan die niet relevant
zijn. Kortom, ook al vereisen online vragenlijsten dat respondenten toegang hebben tot
een computer, ze zullen ervoor zorgen dat er minder data hoeft te worden opgeschoond
en daardoor de kwaliteit van de verzamelde data verbeteren.

Vanwege technische beperkingen tijdens het project was het niet mogelijk om de
selectie van voedingsmiddelen volledig te automatiseren, maar standaardvragen
worden automatisch gegenereerd en procedures voor het verwerken van FFQs zijn ook
geautomatiseerd. Hoewel we niet in staat waren om alle procedures te automatiseren
in het systeem, worden nieuwe FFQs veel sneller ontwikkeld met behulp van dit systeem
dan door een diétiste die de beste standaardprocedures volgt. Tijdrovende elementen
die sneller of gemakkelijker zijn geworden zijn de volgende: identificatie van belangrijke
voedingsmiddelen voor alle gekozen nutriénten, aggregatie van deze voedingsmiddelen
tot items, samenstelling van een voedingsmiddelenlijst van deze items, het omzetten van
deze lijst in standaardvragen met antwoordcategorieén en toevoeging van vragen naar
portiegroottes en bereidingswijze, kwaliteitscontrole van ingevulde FFQs, samenstelling
van een nutriéntentabel voor het verwerken van de ingevulde vragenlijsten gebaseerd op
de Nederlandse voedingsmiddelentabel en uiteindelijke kwaliteitscontrole van de verwerkte
FFQs. Daarnaast heeft het automatiseren van deze procedures ervoor gezorgd dat het
ontwikkeltraject van FFQs transparanter werd. We hebben dus een eenvoudig op data
gebaseerd systeem ontwikkeld dat gebruikt kan worden om efficiént FFQs te ontwikkelen
en verwerken op een gestandaardiseerde manier om individuele inname te meten voor
verschillende onderzoeksvragen en populaties.
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