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1 Introduction 

1.1 Food frequency questionnaires in multi-centre prospective 

studies 

During the past decades, interest in the relationship between diet and human diseases 

has resulted in a substantial number of epidemiological studies with emphasis on nutrition. 

Increasing interest has particularly evolved in the format of large multi-centre prospective 

studies that are designed to increase the statistical power and to perceive a variety of 

dietary exposures associated with different outcomes of health and disease [1-3]. Such 

studies, like the Multi-Ethnic Cohort (MEC) in the United States or the European 

Prospective Investigation into Cancer and Nutrition (EPIC)-study demonstrate that by 

studying large diverse populations with differing diets very valuable information on diet in 

relation to diseases can be generated [4, 5].  

 

To properly investigate diet-disease relationships a valid and comprehensive dietary 

assessment is crucial, but particularly with regard to multi-centre prospective studies 

challenging. Standardized and cultural-sensitive assessment methods and databases are 

needed to study geographically or culturally diverse groups within reasonable timeframes, 

costs and respondent burden in order to provide accurate and comparable food and 

nutrient intake estimates [6]. Furthermore, for risk evaluation all important information 

about potential dietary exposures must be gathered on the individual basis, from each 

study subject respectively [7]. 

 

In prospective studies, repeated short-term dietary measurements, e.g. interview-

administered 24-hour dietary recalls (24-HDRs), would provide satisfactory quantitative 

and detailed dietary data to estimate individual usual dietary intakes [8-10]. However, the 

collection of a high number of repetitions per person needs justification considering the 

high costs and logistic demands to conduct interviews or to handle the dietary data 

obtained. Most large prospective studies therefore favour self-administered Food 

Frequency Questionnaires (FFQs) as long-term assessment instruments to approximate 

individual usual intake [11], because the approach of self-reporting the frequency of 

consumption and optionally portion size of a list of food items over a specified period in 

the recent past is considerably less burdensome and costly to be administer and process 

than short-term instruments [12].  
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Furthermore, due to the growing prominence of internet technologies in Public Health and 

epidemiological research [13-15], several FFQs have been developed as self-

administered web-based tools [16-22]. These technically new administration modes seem 

to be promising to overcome some of the limitations of traditional paper-based versions, 

e.g. by providing a higher data quality due to an immediate and automatic control for 

missing and implausible answers and might minimize study costs and organisational 

efforts. Nevertheless, scientific knowledge about the specific strengths and limitations of 

web-based FFQs, particularly with regard to their feasibility of use in multi-centre studies, 

is still very sparse. 

 

Over the past two decades, attention has been also given to the measurement errors of 

FFQs as potential causes of biased or masked risk estimates [12, 23, 24]. It is generally 

agreed that the feasibility of use and the performance of FFQs are critical to the success 

in accurately describing and ranking dietary intake of individuals [7, 12]. Factors affecting 

these issues include design characteristics of the questionnaire, e.g. food item list, 

frequency-of-consumption-scale and form of quantification (i.e. non-quantitative with no 

portion information collection, semi-quantitative with standard portion sizes as part of the 

food line item or quantitative with inclusion of discrete questions for portion size for each 

food item) [12, 25, 26]. When studying diverse populations these target factors for 

evaluation become even more important, because of the substantial cultural variation in 

food choice, food preparations and portion sizes [27, 28]. Because of their established 

role in nutritional epidemiology FFQs therefore need to be well-characterized to evaluate 

their feasibility of use and performance in terms of providing individual dietary intake data 

[7, 12, 24]. 

 

In multi-centre prospective studies two strategies are possible to realize the FFQ-

approach. Either one unique FFQ is applied designed to capture the diet for the majority 

of the cultural different groups or several different FFQs are used. Most multi-centre 

studies that are conducted within one country, such as the MEC-cohort follow the first 

strategy [29, 30]. By contrast, in cross-country multi-centre studies the long-term 

instruments often differ across the study centres. The majority of the study centres 

participating in the EPIC-study, for example, used locally developed diet histories or FFQs 

[31].  

 

Hence, in multi-centre studies different degrees of measurement error in the dietary 

assessment exist, particularly in cross-country context [32]. It is therefore an important 
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issue to make the obtained dietary intake data comparable across ethnic groups and 

study centres. Calibration studies were established that use an additional dietary 

assessment with higher validity in a representative sub-sample, as for instance done in 

the EPIC-study [33]. Here, a single 24-HDR was applied by the means of a computerised 

program (EPIC-SOFT) in a sub-group of participants in each centre to calibrate the non-

standardized dietary questionnaires and FFQs, with the objective of correcting systematic 

errors produced by the over- or underestimation of intakes [5, 33]. In large-scale cross-

country multi-centre studies it might be an alternatively or complementary approach to the 

strategy of calibrating FFQs, to apply a further long-term instrument that delivers 

sufficiently detailed dietary data, but minimizes cultural or centre-specific bias due to a 

standardized design. The design characteristics of such an instrument need to be 

particularly well-characterized with respect to their practical feasibility and performance to 

provide individual data on dietary intake due to the equal use of the instrument in culturally 

diverse groups, for whom it may perform differently.  

 

1.2 Scientific considerations undertaken for the development of a 

European Food Propensity Questionnaire 

In the European context there was no standardized long-term dietary assessment 

instrument available, although the idea for developing such an instrument is not new. 

Since the 1990s, the European Community has promoted several projects, like the Data 

Food Networking (DAFE) initiative or the European Food Consumption Survey Methods 

(EFCOSUM) to facilitate and harmonize data collection on nutrition in the European Union 

[34-36] and still the need for further data harmonization across European countries is 

clearly identified [37,38]. Many of these projects addressed the needs of food 

consumption surveys and have yielded important achievements to improve the dietary 

assessment methodology. Besides the recommendation to use repeated short-term 

instruments (i.e. two non-consecutive standardized 24-HDRs) as the prime method of 

data collection, it was advised to collect frequency of consumption information on a long-

term instrument in order to improve the estimation of usual intakes of less commonly 

eaten foods and beverages [39]. The most recent, but not fully evaluated statistical 

advances in approximating individual usual intake in prospective study contexts originate 

from this research and emphasize the improvements of individual estimates from short-

term data, when covariate information, such as long-term frequency information from 

FFQs, is also available [40-42]. 
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Further arguments for developing one common long-term instrument have been emerged 

in recent dietary pattern research in the European context. Kroeger et al. (2009) 

presented data from the EPIC-calibration-study and found that similar food group 

combinations across the 10 participating European countries explained the variance of 

intake of important nutrients to a large extent [43]. These findings were unexpected, 

because an earlier investigation in the same study by Slimani et al. (2002) described a 

high heterogeneity in food group consumption across the centres [44]. Although the EPIC-

calibration-study was based on a larger number of subjects, dietary data was obtained by 

a single 24-HDR that can not reflect the individual usual dietary intake representing only 

one ‘snapshot in time’ [45]. Also the fact that the two studies are not directly comparable 

because of different analytical approaches, suggests that the issue of similarities in food 

and food group consumption across European countries needs further attention, 

particularly with respect to analyses at individual-level usual dietary intake.  

 

Within the European project IDAMES (Innovative Dietary Assessment Methods in 

Epidemiological studies and Public Health, 2007-2009, that aims to explore new avenues 

for dietary assessment in epidemiological studies and Public Health www.idames.eu), it 

has been proposed to start the development of a multilingual European long-term 

instrument that is standardized with regard to administration mode, food item list and 

frequency-of-consumption-scale and available as web-based and paper-based version. 

The so called European Food Propensity Questionnaire (EFPQ) was developed through 

collaborative efforts of a team of nutritionists and researchers participating in IDAMES and 

was created to be self-administered for subjects enrolled in the multi-centre pilot study 

conducted in five European countries: Spain, Italy, Germany, Estonia and Norway. It has 

been left open, whether the main focus of the EFPQ is to describe and rank the 

individuals according to their food intakes or to supplement usual dietary intake estimates 

from repeated short-term measurements. 
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1.3 Objective and research questions 

The objective of the present doctoral thesis is to evaluate the standardized design 

characteristics of the EFPQ instrument in relation to the feasibility of use and to the 

performance in approximating individual usual food intakes. Since the EFPQ has been 

designed without assessing individual portion sizes using an adopted semi-quantitative 

style, the value of assigning two different portion sizes types in order to improve the 

standardized nature of the instrument is further assessed. Furthermore, it will be 

investigated, if the EFPQ has a potential for augmenting dietary intake estimates of less 

commonly eaten foods obtained by repeated 24-HDRs. The research questions that will 

be addressed are the following: 

 

1. Are the design characteristics of the EFPQ, such as the administration mode, food 

item list and frequency-of-consumption-scale adequate to capture the diverse diets 

of the IDAMES pilot study participants? 

2. How does the assignment of uniform or centre-specific portion sizes affect the 

performance of the EFPQ in terms of appropriately describing and ranking food 

intake estimates of study participants in relation to a reference modelling 

information from repeated 24-HDRs? 

3. Does the EFPQ have a potential to provide covariate information for augmenting 

information from 24-HDRs regarding the usual intake estimation of occasionally 

and infrequently consumed foods? 
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2 Material and Methods 

2.1 The IDAMES pilot study 

2.1.1 Study cohorts 
The multi-centre IDAMES pilot study was heading to test the combination of the EFPQ 

and multiple 24-HDRs on measuring diet in a sample of 400 subjects currently 

participating in five prospective European cohort studies. The participating cohorts were 

EPIC-San Sebastian (San Sebastian, Spain), EPIC-Florence (Florence, Italy), EPIC-

Potsdam (Potsdam, Germany), the cohort of the Estonian Genome Center (EGC; Tartu, 

Estonia) and the Norwegian Women and Cancer study (NOWAC; Tromsoe, Norway). In 

all European cohorts study participants were recruited from the general adult population 

residing in a given geographical area. Figure 2-1 shows a map of the individual studies 

with information about the respective sample sizes of the full cohorts. In EGC the baseline 

recruitment of participants into the cohort is still ongoing and numbers presented are from 

the beginning of the pilot study. The IDAMES pilot study was performed between January 

and September 2009 and was coordinated by the department of Epidemiology at the 

German Institute of Human Nutrition Potsdam-Rehbrücke (DIfE), Germany. 

NOWAC

(n=37,231 F)

EGC

(n=47,149 M/F)

EPIC-Potsdam

(n=27,548 M/F)

EPIC-Florence

(n=13,597 M/F)

EPIC-San Sebastian

(n=8,417 M/F)

 
Figure 2-1: Map of cohorts participating in the IDAMES pilot study 2009. 

Abbreviations: n: sample size; M: males; F: females 
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2.1.2 Dietary assessment 

The European Food Propensity Questionnaire 

The multilingual European Food Propensity Questionnaire (EFPQ) used in the IDAMES 

pilot study was based on an existing validated FFQ covering 102 typical German food 

items that was applied in the EPIC-Potsdam study. For each food item, subjects were 

asked about the frequency of consumption during the preceding year, illustrated with 

pictograms of standardized portion sizes [46]. 

 

The development of the EFPQ was performed by using a web-based portal that allowed 

nutritionists and researchers of the IDAMES study centres to review and modify an 

English translated version of the German FFQ regarding its adequacy in reflecting the 

dietary habits of the selected European countries. The experts being familiar with the food 

consumption patterns in the local population under study could decide online with 

predefined choices whether or not each item should be kept, modified to a country-

specific food or deleted. Additional comments could be entered into free text areas at the 

bottom of each web page. The construction of one standardized version included also the 

clarification of food terminology. Therefore, country-specific examples were added for 

many food items. Additionally, pictograms for new food items were designed. Table A-1 in 

the appendix summarizes the consensus results achieved (Table A-1). In total, 22 food 

items had not been included in the initial German FFQ. The common English version was 

then translated into the Basque, Spanish, Italian, Estonian, Norwegian and German 

languages. 

 

The final EFPQ inquired respondents about their frequency of consumption of 116 

separate food and beverages items during the previous 12 months, grouped into 18 food 

item groups. Each food group consists of 2-22 food items (Table 2-1). Apart from alcoholic 

beverages there were no queries about portion sizes. Hence, due to this non-quantitative 

character, the EFPQ was considered as food propensity questionnaire (FPQ: ~a FFQ that 

considers only the frequency of consumption [47]). Pictograms with approximate portion 

sizes were used to assist subjects in responding the food item queries.  

 

Similar to the German FFQ, additional questions were asked about food preparation 

practices, specifications of several food items (e.g. preferred fat content, additions to hot 

beverages, such as dairy creamer) and the use of nutritional supplements and 

medications. More information about food preparation methods and food item 

specifications is provided in Table 2-1. Furthermore, summary questions on general 
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consumption patterns and questions about body weight and body height were included. 

The summary questions asked about the weekly consumption of the following food 

groups: curd and cheese, fruits, cooked and raw vegetables, meat and meat products, 

cakes and sweets and alcoholic beverages. 

 

Individual item frequencies were measured in a closed-ended format using discrete 

categories that ranged from “never”, “one time per month” to “11 times per day or more 

frequent”. The number of categories ranged from 4 to 11 categories depending on what 

type of food or beverage was considered (see appendix, Table A-2). All discrete 

frequency response categories were automatically converted to frequencies per day. For 

example, a report of one time per week was converted to one-seventh times per day. 

Reported frequencies of the food preparation practices and the weekly frequencies on the 

summary questions were also converted into daily metrics (those summary questions that 

were asked separately for summer and winter were summed, since temporary sequences 

of seasons vary across the pilot centres). 

 

The EFPQ was built as part of a tool set for epidemiological studies and the web-based 

EFPQ (Web-EFPQ) was designed to enable flexible and easy navigation with freedoms 

similar to a paper-format. Thus, users were able to switch between the pages as often as 

they want to or to begin to complete the EFPQ at its last page. The tool set allows 

generating from the web-based EFPQ a paper-based version (Paper-EFPQ) to also 

satisfy subjects enrolled in the pilot study of the IDAMES project not using the web. The 

Web-EFPQ is publicly available at https://nugo.dife.de/efbo/portal/en. An exemplified page 

of the German version of the EFPQ is shown in the appendix (Figure A-1). 
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Table 2-1: Food items belonging to 18 food item groups and selected additional questions 

of the European Food Propensity Questionnaire (EFPQ), IDAMES pilot study 2009. 

food item group single food items no. of items 
bread and cereals bread (white/wheat, rye-/multigrain, whole grain), 

muesli/cereals, hot cereals/porridge, crisp-bread 
(white or whole grain) 

7 

 

spreads  butter, margarine, fat-reduced margarine, olive oil, 
marmalade/jam/jelly/honey; on bread, respectively 

5 

milk and yoghurt cocoa/chocolate milk/fruit milk, milk, plain 
yoghurt/buttermilk, sour milk/kefir, flavoured 
yoghurt 

5 

curd and cheese plain curd (quark), cream cheese, whey cheese, 
soft cheese, semi-soft /firm cheese, 
mozzarella/mascarpone/feta 

6 

fruits and seeds apple/pear, orange/mandarin/kiwi, banana, 
plum/peach/apricot/nectarine/flat peach, 
strawberries, cherries, water melon/melon, 
currants/berries, grapes, stewed fruit, fresh fruit 
salad, dried fruit, nuts, seeds 

14 

potatoes potatoes, pan-fried potatoes/French fries 2 
raw and cooked vegetables carrots, tomatoes, lettuce/endive/chicory/Chinese 

cabbage/white cabbage, cucumber, raw pepper, 
sauerkraut/surkaal, spinach/chard, cooked white 
cabbage/cauliflower/broccoli/stem cabbage, garlic 
(raw and pickled, respectively), onion (raw and 
pickled, respectively) swede/rutabaga/yellow turnip, 
asparagus, squash/zucchini/courgette/egg plant, 
green beans/French beans, legumes, mixed 
vegetables , vegetable soup, lentil-/pea-/bean 
soup, tomato sauce, ketchup 

22 

rice, pasta and eggs rice, other grains, pasta, egg 4 
meat products liverwurst/liver paté, dry sausage, 

jagdwurst/bologna/mortadella/ham, blood 
sausage/black pudding, dry/cured meat, fried 
sausage, meatballs/hamburger patties/meatloaf, 
boiled sausage 

8 

meat  liver, pork, beef, venison, poultry 5 
fish fatty fish, lean fish, fish preparations, shell fish 4 
mixed dishes lasagne/ravioli/tortellini, tofu, pizza, 

pancakes/crêpes, ice cream/pudding, mixed dishes 
with meat, mixed dishes without meat 

7 

cakes tart/pie, yeast cake/pastry, sponge cake/cake with 
cream or custard filling/cream pie/cheesecake, 
cake without filling, whipped cream 

5 

sweets cookies/biscuits, chocolate/chocolate candy, 
sweets/candy 

3 

water and soda mineral water/tap water, regular sodas, ‘light’ soft-
drinks 

3 

juices 100% fruit juices, fruit nectar and mixtures, 
vegetable juice (carrot juice or other juices) 

3 

coffee and tea coffee, decaffeinated coffee, tea (black or green), 
fruit and herbal tea; plain (without any additions), 
respectively  

4 
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Table 2-1: continued. 

food item group single food items no. of items 
alcoholic beverages regular beer, stark beer, non-alcoholic beer/light 

beer, white wine, red wine, sparkling wine, 
champagne, liquor/aperitif, spirits, mixed 
beverages 

9 

additional questions description no. of items 
additions to coffee and tea with sugar/honey, with milk, with dairy creamer, 

with sweetener for each hot beverage, respectively 
20 

fats for food preparation, 
sauces and salad additions 

butter, margarine, cooking fat (e.g. lard or speck), 
olive oil, other oils (e.g. sunflower oil, canola oil) to 
cook vegetables, meat/fish, respectively; olive oil, 
other oils, yoghurt, mayonnaise, crème 
fraiche/cream/sour cream/remoulade, fresh herbs, 
vinegar to prepare salad and raw vegetables 

17 

 
The 24-hour dietary recalls 

In the IDAMES pilot study, 24-HDRs were administered by telephone using the EPIC-

SOFT-program. In Europe, the multi-language EPIC-SOFT is the primary software aimed 

at assessing detailed and quantified dietary data of a single day in a standardized manner 

[48]. Country-specific versions were available in all IDAMES centres performing the pilot 

study, except in EGC, where the English EPIC-SOFT version was used. In the 24-HDR-

telephone interviews, trained personnel asked subjects to report all foods and beverages 

consumed on the day before the interview. A pilot-study-specific booklet with photographs 

of both portion sizes and household measures (e.g. mugs, glasses, and bowls) was 

developed, containing a selection of pictures from the original EPIC-SOFT picture booklet 

in order to help subjects in quantifying the portion sizes of foods and beverages 

consumed. In the EPIC-SOFT-software, reported dietary items (foods, beverages and 

recipes) are automatically classified into standardized food groups and subgroups. 

2.1.3 Assessment of other characteristics 
Data about the age at enrolment in the pilot study, gender and educational attainment 

were derived from the baseline assessment of each cohort and collected through 

standardized questionnaires [31,49]. Pilot study enrolment was defined as the date of 

completion of the EFPQ. Body mass index (BMI) and smoking status were obtained from 

the most recent data assessment of each cohort. Weight in kilogram and height in meters 

for BMI calculation were obtained by self-reported or measured data, according to study 

centre. Self-reports about the intake of nutritional supplementation and medication was 

derived from the EFPQ. The time interval between lifestyle data collection and pilot study 

varied from 1 day (only for EGC, where the recruitment was ongoing) to 6 years. 
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2.1.4 Study design 
Between January and April 2009, 80 participants (aged 19-75 years) from each cohort 

were randomly selected, taking into account the sex distribution in the local cohorts. 

Subjects were invited to complete the single, self-administered EFPQ, either the Web-

EFPQ or the Paper-EFPQ and to answer to the three standardized telephone-

administered 24-HDRs. Participants were offered support on request, for both modes of 

administration of the EFPQ. Furthermore, users of the Web-EFPQ were encouraged to 

complete a self-administered brief evaluation questionnaire at the end of the Web-EFPQ, 

which enquired their opinion on the clarity of questions and explanations, visual elements, 

user friendliness, time needed to complete the questionnaire or if they experienced 

difficulties in estimating their food intake. A six-item Likert scale from 1=brilliant to 

6=abysmal was offered to rate each question and a free text field was given to add 

comments and suggestions. There was no evaluation questionnaire administered for the 

Paper-EFPQ.  

 

A study protocol for quality control was designed ensuring a standardized data collection 

and study management across the cohorts. Necessary deviations from the common study 

protocol regarded different sampling procedures in EGC because of the ongoing 

recruitment of participants into the cohort study. Eligible Estonian subjects were asked 

during the recruitment examinations, if they were interested to participate in the pilot 

study. After local collection, data was transferred to a central data hub located at the DIfE. 

Data transfer from both administration modes of the EFPQ was handled through the web-

based portal that did not allow missing values. The study was approved by the 

responsible ethic committees of the participating centres 

 

Figure 2-2 illustrates the overall design of the pilot study (Figure 2-2). In total, 65.3% (N 

=261) of the 400 eligible subjects decided to participate and returned a completed EFPQ. 

The respective centre-specific participation rates were 62.5% in EPIC-Florence (n=50), 

68.8% in EPIC-San Sebastian (n=55), 70.0% in EPIC-Potsdam (n=56) and 87.5% in EGC 

(n=70). In NOWAC only 37.5% (n=30) of the invited 80 women participated. Completion 

rate of the recalls was high, but slightly decreased across the recall rounds with 252 

subjects with 1, 241 with 2 and 225 with 3 recalls. The respective centre-specific 

completion rates are shown in the appendix (Table A-3). More details regarding the study 

design and purpose are reported elsewhere [50]. 
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Figure 2-2: Overall design of the IDAMES pilot study, January-September 2009. 
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2.1.5 Dietary data preparation 
In order to convert the food frequency of consumption data from the EFPQ into food 

intake data, an appropriate concordance dataset was constructed that assigned the 24-

HDR-data to the EFPQ. Hence, each reported dietary item from the country-specific 24-

HDRs was evaluated with regard to possible matching to a food item from the EFPQ, 

including the specified food items and items of food preparation practices. The total 

number of 24-HDRs (n=1409) comprised 20,452 reports of 1173 unique dietary items. 723 

dietary items (61.3%) could be assigned to EFPQ-items. Furthermore, because of lacking 

country-specific food composition tables usually used to verify fat contents of certain 

foods, EFPQ-items with several fat content categories were aggregated to single items. 

These were EFPQ-items that queried the frequency of consumption of dairy products, 

meat and meat products. Steps of the dietary data preparation were performed using 

statistical software SAS (Statistical Analysis System), Version 9.13 (SAS Institute, Cary, 

NC, USA) and can be seen in the appendix (Table A-4 and A-5). 

2.1.6 Analysis of the feasibility of use 
Statistical Analysis SAS software, Version 9.13 (SAS Institute, Cary, NC, USA) was used 

for all statistical analyses. All significance tests were two-sided and a significance level of 

p<0.05 was applied. 

 

The feasibility of use of the administration mode of the EFPQ, the food item list and the 

frequency-of-consumption-scale was evaluated through percentages of completion, 

descriptive statistics of subjects with preferences for the Web-EFPQ and Paper-EFPQ 

and frequency analyses. To assess specifically the practical feasibility of the Web-EFPQ 

data from the evaluation questionnaire and further background data that was 

automatically recorded by the software, when the web-site was used, was also analysed.  

 

Demographic and other lifestyle characteristics of the subjects with preferences for the 

Web-EFPQ and Paper-EFPQ were displayed as means and standard deviations (SD) (for 

continuous variables) and frequencies (for categorical variables). BMI was calculated as 

weight in kilogram [kg] divided by the square of height, in meters [m]. Differences between 

Web-EFPQ-users and Paper-EFPQ-users were tested for statistical significance with the 

unpaired differences t-test (for continuous variables; SAS procedure PROC TTEST) and 

Chi-square-test (for categorical variables; PROC FREQ, option chisq). Descriptive 

statistics were also used to describe the study population.  
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With respect to the adequacy of the food list and frequency-of-consumption-scale, 

consumer proportions of the 116 EFPQ food items and the additional items of food 

preparation practices and food specifications were determined in the total study 

population and after stratification by study centre. Consumers were defined as subjects 

with positive reported daily frequency of consumption (FC/d) of a given EFPQ-item. 

Thereby, the four food items describing the frequency of consumption of garlic and onions 

(raw and pickled, respectively) were excluded, since the questions were asked using 

nominal categories (i.e. consumption, sometimes, no consumption). For almost all items, 

distributions of reported daily frequency of consumption (FC/d) were found to be right-

skewed (SAS procedure PROC UNIVARIATE). Consequently, median values were 

computed as measures of central tendency in the total study population and in the pilot 

study samples. The Kruskal-Wallis-test was used for comparisons between study centres 

(SAS procedure PROC NPAR1WAY, option wilcoxon). For data presentation EFPQ-items 

were listed in the order of decreasing proportion of consumers on the EFPQ among all 

study participants and depicted with median FC/d-values. The respective centre-specific 

data was included in the tabulation. Thereby, several food item groups were assembled, 

e.g. milk and yoghurt, curd and cheese to the assembled group: milk, yoghurt and 

cheeses. Furthermore, it was investigated, if there were omitted categories on the 

frequency-of-consumption-scale (SAS procedure PROC SUMMARY). Omitted categories 

were those discrete frequency response categories that were not selected by any study 

participant in the total study population and in the study centres samples, respectively. To 

further assess the appropriateness of the food list, dietary items reported on the 24-HDRs, 

but not captured on the food list of the EFPQ were listed by EPIC-SOFT-food groups. The 

proportions of the food groups in the total amount of non-captured 24-HDR-dietary items 

were determined in the total study population and after stratification by study centre (e.g. 

the proportion of vegetables in the total amount of non-captured 24-HDR-dietary items). A 

classification of 17 EPIC-SOFT-food groups was used including the following food groups: 

potatoes, vegetables, legumes, fruits, dairy products, cereals and cereal products, meat 

and meat products, fish and shell fish, eggs and egg products, fat, sugar and 

confectionary, cakes, non-alcoholic and alcoholic beverages, condiments and sauces, 

soups and miscellaneous.  

 

The feasibility analysis was based on EFPQ-data from 261 study participants (55 from 

EPIC San-Sebastian, 50 from EPIC-Florence, 56 from EPIC-Potsdam, 70 from EGC and 

30 from NOWAC), for which complete data was available. Results of the stratified 

analyses were ordered according to a geographical South-North gradient. 
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2.1.7 Determination of portion sizes 
To evaluate the performance of the EFPQ in accurately describing and ranking subjects 

with regard to their food intake, quantitative food intake estimates are required. 

Quantitative food intake estimates are generally provided by multiplying the frequency of 

consumption by an assumed or reported portion size of each food queried [7]. Due to the 

non-quantitative character of the EFPQ (propensity character), portion sizes needed to be 

assumed. Thereby, two different types of portion sizes were determined and compared: 

(1) uniform portion sizes for all centres having participated in the IDAMES pilot study and 

(2) centre-specific portion sizes after stratification by pilot study centre.  

 

The determination of both types of portion sizes was based on a statistical method, 

originally aimed to estimate individual usual dietary intakes within nutrition surveys [40]. 

The so called Multiple Source Method (MSM) has been developed at the German Institute 

of Human Nutrition within the European project EFCOVAL (European Food Consumption 

Validation Project, 2006-2009, www.efocal.eu) and estimates individual usual intakes by 

modelling dietary data from repeated 24-HDRs. The MSM consists of three parts to 

estimate usual dietary intake, outlined in Figure 2-3 and described in more detail in the 

appendix of this thesis. 

 

In part 1, the individual probability of consuming a food, here a food item of the EFPQ, on 

a randomly selected 24-HDR-day (pi
*) is estimated by a shrinkage procedure using 

residuals from logistic regression model. In part 2, the estimated average amount of food 

intake Yi
* on a consumption day of an individual i, here the food item intake, is estimated 

as result of a shrinkage procedure using residuals from linear regression model. Finally, in 

part 3, the resulting numbers from both parts are multiplied by each other to estimate the 

usual food intake on a random day on the individual level, here the usual intake of each 

EFPQ food item on the individual level. The MSM is based on the assumptions that the 

24-HDR is a unbiased dietary assessment instrument for usual intake and that after 

transformation the data can be decomposed in two independent components reflecting 

inter-individual and intra-individual variation. 
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Estimated usual intake on a random day

Observed consumption days Observed positive dietary intake

ijYijp

Estimated dietary intake on a 
consumption day

*
iY

Probability of consumption 
on a random day

*
ip

Logistic regression model Linear regression model
Residual transformation Residual transformation
Shrinkage of transformed data                Shrinkage of transformed data
Back transformation                                             Back transformation

Part 1 Part 2

Part 3 

*
ip *

iY*

 

Figure 2-3: The overall structure of the Multiple-Source-Method (MSM). 
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To increase the precision of the usual intake estimates, part 1 and 2 allow the inclusion of 

additional individual characteristics (e.g. gender, ethnicity) and/or information from other 

dietary assessment instruments. The set of covariates assumed to predict individual usual 

intake is identical for part 1 and 2. Since 24-HDRs usually include a substantial proportion 

of subjects reporting zero intakes during the recorded days, the assessment of usual 

intake of foods that are not consumed every day merits special attention. To distinguish 

between true non-consumers and non-consumers on the 24-HDRs, reported frequency of 

consumption information is used. In the present thesis, frequency of consumption of the 

EFPQ was included as covariate in part 1 and 2, which should enable the identification of 

habitual consumers of EFPQ food items. Analyses have been performed in order to judge 

upon the inclusion of further potential covariates. The MSM was run with gender, subject’s 

age (continuous) and pilot study centre (EPIC-San Sebastian, EPIC-Potsdam, EPIC-

Florence, EGC and NOWAC), respectively. Compared to the MSM with incorporation of 

EFPQ frequency only, final estimated mean usual intakes over all subjects in the pooled 

and stratified analyses, respectively, were nearly unchanged in the MSM adjusted for 

subject’s age, while in the models controlled for gender and pilot study centre slightly 

altered final estimates were observed. Thus, part 1 and 2 included as set of covariates for 

the determination of uniform portion sizes, daily frequency of consumption (FC/d), gender 

and pilot study centre (in dummy variables). For the determination of centre-specific 

portion sizes, the incorporated covariates were daily frequency of consumption (FC/d), 

gender and the models were stratified by pilot study centre.  

 

The premise of the MSM is that repeated 24-HDRs are available, at least two of every 

individual being in the analytical study population, to obtain an estimate of intra-individual 

variance. The determination of portion sizes, therefore, was based on 24-HDR data from 

241 study participants, who contributed at least two 24-HDRs. The majority of excluded 

subjects were from EPIC San-Sebastian (12 subjects), followed by NOWAC with 5 

excluded subjects and EPIC-Florence, EPIC-Potsdam and EGC with 1 excluded study 

participant, respectively. Portion sizes determination, therefore, was based on 43 subjects 

from EPIC San-Sebastian, 49 from EPIC-Florence, 55 from EPIC-Potsdam, 69 from EGC 

and 25 from NOWAC. Based on the previously described concordance dataset, a specific 

dataset was constructed that contains intake data of every EFPQ food item consumed in 

each of the 24-HDR, for each subject respectively. Zero consumption values of EFPQ-

items in the 24-HDRs (item not eaten) were set to zero. For these subjects with no 24-

HDR-consumption day, the estimated average amount of food item intake Yi
* on a 24-

HDR-consumption day is simulated by the MSM, taking the covariate information into 
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account.  

 

In the present thesis, uniform and centre-specific portion sizes were defined as fitted 

portion sizes. This approach has been introduced previously and showed an improved 

quantitative assessment of food intake compared to those derived from predefined portion 

sizes based on prior knowledge [46]. For each EFPQ-item including the items of food 

preparation practices and food specifications, the fitted portion sizes were computed by 

dividing the summed estimated usual intake by the respective summed daily frequencies 

of consumption (FC/d) reported on the EFPQ. The portion sizes determination was 

performed for all study participants and after stratification by study centre. Thus, by 

definition the mean of the product of fitted portion sizes and frequency of intake should 

approximate the estimated mean intake of each EFPQ-item by the MSM. For 

implementation this approach in SAS a modified macro of the MSM method has been 

used.  

 

Assignment of uniform and centre-specific portion sizes was done on an item-per-item 

basis. For several EFPQ-items, large numbers of observed zero intakes on the 24-HDRs 

with small number of measurements with sometimes very large intakes led to the 

calculation of missing or implausible values of portion sizes by the MSM. In total, uniform 

portion sizes estimated by MSM could not be determined for 14 food items. Numbers of 

food items with missing or implausible estimated centre-specific portion sizes by MSM 

were 65 in EPIC-San Sebastian, 61 in EPIC-Florence, 44 in EPIC-Potsdam, 58 in EGC 

and 59 in NOWAC. Therefore, additional fitted portion sizes were calculated based on the 

observed dietary data in the 24-HDRs (portion-sizes-24-HDRs). The summed observed 

mean intake of each EFPQ-item consumed in the 24-HDRs was divided by the respective 

summed daily frequencies of consumption (FC/d) reported on the EFPQ. The portion 

sizes were computed for all centres (uniform portion sizes-24-HDR) and after stratification 

by study centre (centre-specific portion sizes-24-HDRs) and assigned to those items with 

missing or implausible MSM-method estimates. For food items with both missing centre-

specific portion size by MSM and centre-specific portion sizes-24-HDRs, uniform portion 

sizes were used.  

 

For each EFPQ-item, fitted uniform and centre-specific portion sizes were determined for 

all subjects. Hence, the proportion of consumers on the 24-HDRs (subjects with positive 

amounts on the 24-HDRs) as well as in the MSM was of interest and depicted together 

with the mean portion sizes and respective mean daily frequency of consumption derived 
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from the EFPQ (MFC/d). Consumers in the MSM were those subjects with either positive 

amounts on the 24-HDRs or positive reported frequency of consumption on the EFPQ or 

both. To assess the proportion of consumers in the MSM, the usual intake distribution of 

each EFPQ-item was obtained from the probability of consumption multiplied by the 

amount of consumption for all subjects using the MSM with EFPQ frequency of 

consumption, gender and pilot study centre as covariates. Percentiles (P5, P25, P50, P75; 

P90), mean, standard deviation (SD), skewness and kurtosis of the distributions were 

computed. The tabulation also included the observed mean intake of each EFPQ food 

item consumed in the 24-HDRs.  

2.1.8 Evaluation of portion size effects on food intakes, correlations and 
ranking misclassifications 

The assessment of the effect of the two different portion sizes on the performance of the 

EFPQ in accurately describing and ranking subjects with regard to their food intake was 

performed quantitatively by comparing the food intakes derived from the EFPQ with 

reference data. Because the quantitative data from the EFPQ were mostly generated by 

means of the MSM, the usual intake estimates served as the “reference data”, from which 

to compare the differing portion size types. The MSM-models to estimate the reference 

data included EFPQ frequency of consumption, gender and pilot study centre as 

covariates. The extent of agreement between the EFPQ-data with both portion sizes types 

and the data obtained by MSM was expressed by non-parametric methods.  

 

Intakes of EFPQ-items were calculated by multiplying the reported frequency of 

consumption with the fitted uniform and centre-specific portion sizes. Differences in mean 

intakes along with SD derived from the EFPQ and the reference data were quantified. 

Testing of significance of differences was performed by Wilcoxon sign rank sum test (SAS 

procedure PROC UNIVARIATE). In addition, the evaluation of portion sizes effect on the 

estimation of food intakes was performed on food-group-level, using the 17 standardized 

EPIC-SOFT food groups, previously described (see 2.1.6). Using the concordance 

dataset overall and country-specific weighting factors were computed to determine the 

proportions of the EFPQ-items in each food group (e.g. the proportion of legumes that 

was lentil-/pea- and bean-soup). When deriving the summed reported frequencies of 

consumption at food-group-level for the MSM analysis, overall and country-specific 

weighting factors were considered, too. Mean differences in food group intake between 

the EFPQ with each of the portion sizes and the estimated mean of the MSM were 

tabulated. In addition to tabulation of mean differences in food group intake, Bland-Altman 
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plots were examined to obtain visual comparison of assessment using the EFPQ with 

each of the portion sizes and the estimated mean of the MSM.  

 

To assess the ability of the EFPQ with both portion sizes types to rank individuals 

according to their food item and group intake, relative to the estimated mean usual intakes 

by the MSM, Spearman rank correlation coefficients (rs) were calculated (SAS procedure 

PROC CORR option spearman). Furthermore, subjects were grouped into quartiles for 

each of the 17 food groups. The proportion of subjects classified into the same and the 

opposite quartile (extreme misclassification) by the EFPQ with both portion sizes types 

was assessed and the degree of agreement was evaluated using a weighted kappa 

statistic (SAS procedure PROC FREQ option AGREE TEST WTKAP).  

 

Subsequently, to compare the reference data to the EFPQ food intakes being 

approximated by the best-possible procedures of intake correction, summary questions 

were used to correct reported daily frequency of consumption of all EFPQ food items that 

belong to cooked and raw vegetables, fruits, cheese, meat, meat products, cakes and 

sweets and alcoholic beverages. For each individual, correction factors for calibrating the 

EFPQ-items were calculated as the reported frequencies on the summary questions 

divided by the sum of frequencies of all items belonging to a food category. Corrected 

daily frequency of consumption (FC/d) of the food items was calculated by multiplying the 

original reported frequency by the correction factor of the respective category. 

Distributions of the correction factor of each food category were computed with percentiles 

1 and 99 (P1, P99), because those subjects with correction factors lower than P1 and 

greater than P99 obtained a correction factor equal to one. In addition, for the analysis at 

food group level, to each individual’s usual intake fixed extra amounts of 24-HDRs-dietary 

items not captured on the EFPQ were added. These extra amounts were derived by 

dividing the total amount of not captured dietary items of each food group by the number 

of 24-HDR-days. 

 

The portion size effects of food intakes, correlations and ranking misclassifications were 

based on data from 241 study participants with at least two 24-HDRs to enable the 

comparisons to the reference data obtained by the MSM. Since the number of subjects in 

EPIC-San Sebastian and the NOWAC-study were too small to rank intakes with desired 

precision (n=43 and n=25, respectively), stratified analyses were performed by 

assembling the Norwegian and Estonian subjects into one group of Northern European 

centres and the Spanish and Italian subjects into another group of Southern European 
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centres. Study participants from EPIC-Potsdam represent the Central European Centre. 

Hence, the results of the non-parametric statistics are presented for the pooled sample of 

all centres and for Southern, Central and Northern European centres, separately. 

2.1.9 Relationship of the EFPQ to repeated 24-HDRs with regard to 
occasionally and infrequently consumed foods 

To assess whether the EFPQ has a potential to provide covariate information for 

augmenting 24-HDR-data with regard to the usual intake estimation of occasionally and 

infrequently consumed foods, food items were listed in the order of decreasing proportion 

of consumers on the 24-HDRs. Consumers were defined as subjects with positive 

amounts of a given EFPQ-item on the 24-HDRs. Occasionally foods on the 24-HDRs 

were considered to have less than 40% of consumers among all pilot study participants, 

whereas infrequently consumed food items were defined to have less than 10% of 

consumers. It was assumed that for these food items there are tendencies of positive 

relationships between the reported frequency of consumption on the EFPQ and both the 

probability of consumption on a random 24-HDR-day and the average amount consumed 

on a 24-HDR-consumption day. Specifically, this means that subjects, who reported high 

daily frequencies of consumption on the EFPQ would have, as a group, an increased 24-

HDR-probability of consumption and higher average 24-HDR-amounts. Probability and 

consumption data was obtained by running the MSM with gender and pilot study centre as 

covariates assumed to predict both variables. Thus, the analysis did not take into account 

those food items, for which the MSM could not be performed (n=14). Also, the four food 

items describing the consumption of garlic and onions (raw and pickled, respectively) 

were excluded. In total, 98 foods and beverages were considered in the analysis.  

 

Note, reported daily frequencies of consumption of the EFPQ-items had discrete values, 

hereafter referred as frequency categories. Exceptions were the frequency data of 

consumed bread types and fat spreads that had more continuous values, since it was 

calculated in relation to the total frequency of consumption of bread. For theses items 

quintiles or tertiles of consumption frequency were generated (SAS procedure PROC 

UNIVARIATE, option PCTLPRE=q PCTLPTS=0 20 40 60 80 100 or PCTLPTS=0 33.3 

and 66.7). 

 

Using a bivariate approach analyses were performed as follows. Firstly, the average 

probability of consumption derived from the MSM was computed (dependent variable), 

stratified by frequency-category, and plotted against the frequency of consumption 

(independent variable) (SAS procedure PROC GPLOT). Missing probabilities of 
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consumption were set to zero, because they result from zeros in the 24-HDRs. To express 

the strength of the relationship between the frequency of consumption and average 

probability of consumption the coefficient of determination (R²) was determined (SAS 

procedure PROC REG). R² is the proportion of the variation in the probability of 

consumption that is “explained” by the variation in the frequency of consumption. The p-

value for each of the regressions was obtained. Similarly, average amount values on a 24-

HDR-consumption day in each frequency category were determined. To assess the 

relationship between the reported frequency categories and the ranked average amount 

consumed on a 24-HDR-consumption day, Spearman rank correlations were calculated 

(SAS procedure PROC CORR, option spearman). For graphical data presentation, eight 

occasionally and infrequently foods items of nutritional interest were selected (i.e. 

wholegrain bread, plain yoghurt, nuts, chocolate/chocolate candy, beef, lean fish, regular 

beer and white wine). 
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3 Results 

3.1 Characteristics of the study population 

General characteristics of the study population are presented in Table 3-1. Among the 

study participants, about 56% were female with a range from 44% in EPIC-Florence (Italy) 

to 100% in NOWAC (Norway) that included only women. Mean age at enrolment was 55.2 

years and ranged from 34.6 to 65.6 years, with somewhat younger pilot study subjects in 

the Northern European centres (NOWAC and EGC, Estonia). About 28% of the study 

participants had a university degree or attended >12 years of school (range 11%-48%), 

with the highest proportion in NOWAC and the lowest in EPIC San-Sebastian (Spain). 

Mean BMI, obtained by self-reports or measured data was 25.9 kg/m². The proportion of 

never-smokers was relatively high in EPIC-Potsdam (Germany) and EGC, but lower in 

NOWAC, EPIC-Florence and EPIC-San Sebastian. With respect to intake of supplements 

and medication, 35% and 57% reported to have taken any nutritional supplements or 

medication during the last 12 months, respectively and pilot study differences were 

apparent. For instance, in NOWAC about 63% reported on the EFPQ to take 

supplements, whereas the proportion of supplement-users in EPIC-Potsdam was only 

20%.  

 

The comparison between participants and non-participants in the IDAMES pilot study 

showed no consistent pattern for non-participation according to age or gender. Also with 

regard to BMI and smoking status, no consistent pattern across the centres was 

observed. In all study centres, however, non-participants were characterized as less 

educated. (data tabulated elsewhere [50]). 
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Table 3-1: General characteristics of study participants of the IDAMES pilot study 2009 (n=261). 

characteristic 
 

all 
(n=261) 

EPIC-San Sebastian 
(n=55) 

EPIC-Florence  
(n=50) 

EPIC-Potsdam 
(n=56) 

EGC 
(n=70) 

NOWAC 
(n=30) 

sex % [n]       
females 55.9 

[146] 
56.4 
[31] 

44.0 
[22] 

53.6 
[30] 

47.1 
[33] 

100.0 
[30] 

age (y)       
mean (SD) 55.2 

(15.5) 
62.0 
(6.5) 

64.3 
(7.8) 

65.6 
(6.9) 

34.6 
(13.2) 

55.9 
(3.9) 

educational 
attainment % [n] 

      

> 12y /university 
degree 

27.2 
[71] 

10.9 
[6] 

22.0 
[11] 

35.7 
[20] 

28.6 
[20] 

48.3 
[14] 

BMI (kg m-2) †       
mean (SD) 25.9 

(4.0) 
25.2 
(5.1) 

26.0 
(3.3) 

27.5 
(4.6) 

25.8 
(5.0) 

24.2 
(4.0) 

smoking status % 
[n] ‡ 

      

never-smokers 37.5 
[98] 

20.0 
[11] 

28.0 
[14] 

50.9 
[27] 

54.3 
[38] 

26.7 
[8] 

intake of 
supplements % [n] 

      

users 35.2 
[92] 

27.3 
[15] 

28.0 
[14] 

19.6 
[11] 

47.1 
[33] 

63.3 
[19] 

intake of medication 
% [n] 

      

users 56.7 
[148] 

50.9 
[28] 

64.0 
[32] 

80.4 
[45] 

40.0 
[28] 

50.0 
[15] 

Data are % [n] or arithmetic means with standard deviation (SD) 
Abbreviation: BMI: Body Mass Index (kg m-2) 
† numbers of subjects for BMI calculation vary because of item non-response (EPIC-San Sebastian n=45; EPIC-Potsdam n=55; NOWAC n=29) 
‡ numbers of subjects for smoking status vary because of item non-response (EPIC-Potsdam n=53) 
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3.2 Design characteristics in relation to feasibility of use 

Administration mode 

Percentages of completion were used as indicators of feasibility of use of the 

administration mode of the EFPQ. Of the 261 participants enrolled in the pilot study, 143 

participants completed the Web-EFPQ (55%), while 118 the paper-based version (45%). 

As shown in Table 3-2, preferences for either the Paper-EFPQ or the Web-EFPQ differed 

across the centres. Consistent with mean age of 34.6 years (SD: 13.2) and of 55.9 years 

(SD: 3.9), 93% of the Estonian and 70% of the Norwegian participants selected the Web-

EFPQ in contrast to EPIC-Potsdam and EPIC-San Sebastian with higher preferences for 

the Paper-EFPQ (66% and 75%, respectively). Mean age was 65.6 years (SD: 6.9) in 

EPIC-Potsdam and 62.0 years (SD: 6.5) in EPIC-San Sebastian. In EPIC-Florence, there 

was no predominant preference for one of the administration modes, although mean age 

of the participants was 64.3 years (SD: 7.8).  

 

Table 3-2: Study participants completing the Web-European Food Propensity Questionnaire 

(EFPQ) and Paper-EFPQ, by study centre, IDAMES pilot study 2009 (n=261). 

 Web-EFPQ1 Paper-EFPQ2 
 % [n] 
 54.8 [143] 45.2 [118] 

EPIC-San Sebastian (n=55) 25.5 [14] 74.5 [41] 

EPIC-Florence (n=50) 48.0 [24] 52.0 [26] 

EPIC-Potsdam (n=56) 33.9 [19] 66.1 [37] 

EGC (n=70) 92.9 [65] 7.1 [5] 

NOWAC (n=30) 70.0 [21] 30.0 [9] 

Data are % [n] 
1Web-based European Food Propensity Questionnaire (EFPQ) 
2Paper-based European Food Propensity Questionnaire (EFPQ) 
 

Table 3-3 presents the characteristics of the Web- and Paper-EFPQ-users. In all centres 

of the pilot study, Web-EFPQ-users were younger and had attained had a higher 

education. Furthermore, in all, but one study centre (EPIC-Florence), Web-EFPQ-users 

were less likely to be non-smokers. No consistent pattern with regard to mean BMI and 

the intake of supplements and medications across the study centres was observed. 
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Table 3-3: Characteristics of Web-European Food Propensity Questionnaire (EFPQ)- and Paper-EFPQ-users, by study centre, IDAMES pilot 

study 2009 (n=261). 

characteristic EPIC-San Sebastian 
(n=55) 

EPIC-Florence  
(n=50) 

EPIC-Potsdam 
(n=56) 

EGC 
(n=70) 

NOWAC 
(n=30) 

 Web-
EFPQ1 

Paper-
EFPQ2 

Web- 
EFPQ1 

Paper-
EFPQ2 

Web-
EFPQ1 

Paper-
EFPQ2 

Web-
EFPQ1 

Paper-
EFPQ2 

Web-
EFPQ1 

Paper-
EFPQ2 

 (n=14) (n=41) (n=24) (n=26) (n=19) (n=37) (n=65) (n=5) (n=21) (n=9) 
sex % [n]           

females 57.1 
[8] 

56.1 
[23] 

33.3  
[8] 

53.9 
[14] 

36.8 
[7] 

62.2 
[23] 

44.6 
[29] 

80.0 
[4] 

100.0 
[21] 

100.0 
[9] 

age (y)           
mean (SD) 59.4 

(1.7) 
62.9  
(1.0) 

60.8* 
(1.4) 

67.5  
(1.4) 

61.8*  
(1.5) 

67.5 
(1.1) 

33.1* 
(1.5) 

54.6 
(5.4) 

54.5* 
(0.7) 

59.0 
(1.1) 

educational attainment 
% [n] 

          

> 12y /university 
degree 

28.6* 
[4] 

4.9 
[2] 

37.5* 
[9] 

7.7 
[2] 

57.9* 
[11] 

24.3 
[9] 

29.2 
[19] 

0.0 
[0] 

61.9* 
[13] 

12.5 
[1] 

BMI (kg m-2) †           
mean (SD) 24.8 

(1.5) 
25.4 
(0.9) 

25.4  
(0.7) 

26.5  
(0.6) 

28.4 
(1.0) 

27.1 
(0.8) 

25.7 
(0.6) 

28.1 
(2.2) 

24.2 
(0.9) 

24.3 
(1.3) 

smoking status % [n] ‡           

never-smokers 7.1 
[1] 

22.0 
[9] 

29.2 
[7] 

26.9 
[7] 

44.4  
[8] 

54.3 
[19] 

50.8 
[33] 

100.0 
[5] 

19.1 
[4] 

44.4 
[4] 

intake of supplements 
% [n] 

          

users 42.9 
[6] 

22.0 
[9] 

25.0 
[6] 

30.8 
[8] 

5.3 
[1] 

27.0 
[10] 

47.7 
[31] 

40.0 
[2] 

57.1 
[12] 

77.8 
[7] 

intake of medication % 
[n] 

          

users 50.0 
[7] 

51.2 
[21] 

70.8 
[17] 

57.7 
[15] 

68.4 
[13] 

86.5 
[32] 

40.0 
[26] 

40.0 
[2] 

52.4 
[11] 

44.4 
[4] 

Data are % [n] or arithmetic means with standard deviation (SD) 
1Web-based European Food Propensity Questionnaire (EFPQ), 2Paper-based-EFPQ;*:p-values<0.05 for differences between Web- and Paper-EFPQ-users 
†numbers of subjects for BMI calculation vary because of item non-response (EPIC-San Sebastian n=45; EPIC-Potsdam n=55; NOWAC n=29) 
‡numbers of subjects for smoking status vary because of item non-response (EPIC-Potsdam n=53) 
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Overall, support for completing the Web-EFPQ was requested by 7 of the 143 

participants, whereas 10 of 118 persons needed help to answer the Paper-EFPQ. The 

support was provided by telephone, directly in the study centre, or through a visit at the 

participant’s home. In addition, three participants had to complete the Web-EFPQ twice 

due to technical errors. Nevertheless, data entry mistakes and missing or implausible 

values observed in ~85% of the Paper-EFPQs were avoided in the Web-EFPQ because 

of automatic controls leading to marked logistic savings.  

 

In addition, a moderate subjective acceptability of the Web-EFPQ was found in 109 

persons, who completed the self-administered evaluation questionnaire at the end of the 

Web-EFPQ (EGC: n=61, EPIC-Potsdam: n=9, EPIC-Florence: n=20, NOWAC: n=10 and 

EPIC-San Sebastian: n=9). Overall, about 53% rated both the clarity of questions and 

explanations and the visual elements (colours, font, font size, pictures, placing of the 

elements) as very good and about 69% considered the user friendliness (clarity, 

navigation, logical structure) as excellent. However, the subjective acceptance of the 

Web-EFPQ varied by study centre and appeared to be highest in EPIC-Potsdam and 

lowest in EGC. For instance, the mean rating for the clarity of questions was 1.3 in EPIC-

Potsdam, 2.2 in EPIC-Florence, NOWAC and EPIC-San Sebastian, respectively, and 3.1 

in EGC. With respect to the user friendliness, mean rating was 1.4 in EPIC-Potsdam, 1.7 

in EPIC-Florence, 2.0 in EPIC-San Sebastian, 2.5 in NOWAC and 3.1 in EGC. Also, about 

34% indicated having difficulties in reporting their usual food intake, particularly for the 

intake of fruits, vegetables and alcoholic beverages.  

 

The automatically recorded time to complete the Web-EFPQ (medians) ranged from 27.0 

minutes in EGC and 30.8 minutes in NOWAC to 38.2 minutes in EPIC-Potsdam, 45.1 

minutes in EPIC-Florence and 56.5 minutes in EPIC-San Sebastian. Overall, the majority 

of the participants (52%) were logged in for 20-39 minutes. The percentage of subjects 

that completed the Web-EFPQ within one login session varied from 22% (EPIC-San 

Sebastian) and 37% (EPIC-Potsdam) to 54% (EPIC-Florence) and 67% (NOWAC). 
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Food item list and frequency-of-consumption-scale 

With respect to the adequacy of the food item list, the proportion of consumers of each 

EFPQ-item was evaluated in the total study population and in the study centres. Table 3-4 

describes the proportion of consumers of the 112 EFPQ food items included in the 

analysis among the total study population and the study centres as well as the median 

frequency per day (FC/d), ordered by decreasing consumer proportion among all study 

participants and by food group. The results of those items specifying food preparation 

methods and hot beverages are shown in the appendix (Table A-6).  

 

For the majority of the food items, the proportion of subjects with positive reported daily 

frequency of consumption on the EFPQ among all study participants was moderate to 

high. 75 of the 112 food items (67%) had more than 65% of consumers on the EFPQ 

indicating that the food list includes many foods and beverages commonly eaten in the 

diverse European study sample. The highest proportion of consumers was observed for 

egg being reported to be consumed from 260 among the 261 study participants (~100%), 

whereas the lowest was found for tofu (8%). Furthermore, the analysis identified 27 food 

items as being consumed on the EFPQ from more than 90% in the total study population. 

Many of these commonly consumed food items were in the groups of fruits and 

vegetables, staple foods, meat and meat products, fish and cakes and sweets. In addition 

to egg, the most commonly consumed food items were mineral water, potatoes, poultry, 

apple/pear, pasta, tomatoes and rice. By contrast, there were 11 food items with an 

overall proportion of subjects reporting positive consumption frequency of less than 40%. 

Theses occasionally consumed foods comprised hot cereals/porridge, regular and fat-

reduced margarine and olive oil on bread, sour milk/kefir, mixed alcoholic beverages, 

stark and non-alcoholic beer, seeds and tofu. Also, several specific combinations of hot 

beverages were reported to be less commonly consumed (see appendix Table A-6). 

 

The overall median daily frequency of consumption (FC/d) was highest for mineral water 

(3.5), followed by several hot beverages (e.g. 0.8 for regular coffee, coffee with milk, 

respectively), butter on bread, apple/pear, orange/mandarin orange/kiwi and potatoes (0.5 

times per day, respectively). However, for many food items (n=49) an overall median daily 

frequency of consumption of less than 0.1 times per day was observed, including several 

dairy products (e.g. soft cheese and plain yoghurt), meat products (e.g. liverwurst/liver 

paté) and several cake items (e.g. tart/pie). In addition, food items with less than 40% of 

consumers had median daily frequencies of consumption equal to zero.  
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For foods with more than 90% consumers among the total study population, centre-

specific differences in consumer proportion were small, although significant varying 

median daily frequencies of consumption were observed (Table 3-4). These differences 

were less apparent for commonly consumed meat, meat products and fish, but more 

pronounced for pasta and potatoes. For example, among the Italian study participants the 

median reported daily frequency of consumption for pasta was 0.6 times per day pasta, 

while in the other centres with equally high or somewhat lower consumer proportion lower 

respective median daily frequencies were present. Furthermore, for potatoes the highest 

median daily frequencies of consumption were in EPIC-Potsdam, EGC and NOWAC, thus 

in centres from Central and Northern European countries with expected high potato 

consumption.  

 

However, for all other items, especially those reported to be less commonly consumed on 

the EFPQ, differences across the centres in consumer proportion were remarkably 

apparent. Specific food items were found to be eaten from a very high proportion of single 

study centres, though reported to be consumed in all centres. For example, about 96% of 

the Estonian and 60% of the Norwegian study participants reported to consume hot 

cereals/porridge, while the respective consumer proportion in EPIC-San Sebastian and 

EPIC-Florence was less than 10%. Tendencies for similar gradients in consumer 

proportions from Northern to Southern European centres were observed for the 

consumption of whole grain and rye-/multi-grain bread, muesli/cereals, butter and regular 

margarine on bread, flavoured yoghurt, sour milk/kefir, sauerkraut/surkaal, raw pepper, 

cucumber, currants/berries, ketchup, seeds, pancakes/crêpes, boiled sausage, fish 

preparations, yeast cake/pastry, sponge cake, fruit and herbal tea, spirits and mixed 

beverages. By contrast, with respect to the use of olive oil consumer proportions in the 

Southern European centres were higher (see appendix Table A-6). Also for olive oil on 

bread, consumer proportion on the EFPQ was highest in EPIC-Florence (88%) followed 

by NOWAC (43%) and EPIC-San Sebastian (38%). Overall, numbers of food items with 

centre-specific proportions of subjects reporting positive intake of less than 40% were 22 

in EPIC-San Sebastian, 15 in EPIC-Florence, 14 in EPIC-Potsdam, 8 in EGC and 10 in 

NOWAC. Between-centre-differences in median daily frequencies were all significant, but 

not for grapes, dried fruit, tofu and black tea with both milk and sweetener. Food items 

that were not reported to be consumed by any subject on the EFPQ were rare and 

included solely specific combinations of hot beverages in all study centres, but EPIC-

Potsdam. In the latter all food items on the EFPQ were reported to be consumed (see 

appendix Table A-6).  
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Table 3-4: Proportion of consumers of food items of the European Food Propensity Questionnaire (EFPQ/%) and median daily frequency of 
consumption (FC/d), in the total study population and by study centre, IDAMES pilot study 2009 (n=261). 

 % consumer of food items of the EFPQ1 (Median FC/d) 

 all 
(n=261)  

EPIC-San Sebastian 
(n=55) 

EPIC Florence 
(n=50) 

EPIC-Potsdam 
(n=56) 

EGC 
(n=70) 

NOWAC 
(n=30) 

bread and cereals       
white-/ wheat bread 90 (0.5) 82 (0.8) 92 (0.8) 88 (0.3) 96 (0.5) 97 (0.1) 
whole grain bread 81 (0.4) 58 (0.1) 60 (0.1) 96 (0.5) 94 (0.4) 97 (0.5) 
rye-/multigrain bread 74 (0.3) 47 (0.0) 38 (0.0) 96 (0.5) 94 (0.5) 97 (0.4) 
crisp-bread, whole grain 54 (0.1) 38 (0.0) 50 (<0.1) 46 (0.0) 57 (0.1) 97 (0.3) 
muesli/cereals 53 (<0.1) 31 (0.0) 28 (0.0) 50 (<0.1) 80 (<0.1) 73 (<0.1) 
crisp-bread, white 51 (0.1) 27 (0.0) 72 (0.2) 68 (0.1) 43 (0.1) 47 (0.0) 
hot cereals/porridge 39 (0.0) 2 (0.0) 10 (0.0) 18 (0.0) 96 (0.1) 60 (<0.1) 
spreads       
marmalade/jam/jelly/honey 85 (0.2) 56 (<0.1) 96 (0.2) 93 (0.8) 93 (0.2) 87 (0.2) 
butter on bread 63 (0.5) 42 (0.0) 32 (0.0) 82 (0.5) 81 (0.9) 70 (0.5) 
regular margarine on bread 37 (0.0) 20 (0.0) 2 (0.0) 52 (0.1) 57 (0.2) 50 (<0.1) 
olive oil on bread 36 (0.0) 38 (0.0) 88 (0.4) 16 (0.0) 9 (0.0) 43 (0.0) 
fat-reduced margarine on bread 35 (0.0) 24 (0.0) 4 (0.0) 52 (0.1) 46 (0.2) 57 (0.2) 
milk, yoghurt and cheese       
semi-/soft firm cheese 97 (0.2) 91 (0.2) 100 (0.2) 96 (0.5) 99 (0.2) 100 (0.4) 
soft cheese  77 (<0.1) 56 (<0.1) 82 (<0.1) 95 (0.2) 71 (<0.1) 90 (0.1) 
flavoured yoghurt  76 (0.1) 64 (0.1) 50 (<0.1) 80 (0.2) 94 (0.2) 87 (0.1) 
milk  75 (0.2) 80 (1.5) 64 (0.1) 71 (0.1) 79 (0.2) 80 (0.2) 
cream cheese 75 (0.1) 18 (0.0) 92 (0.1) 80 (0.1) 100 (0.2) 83 (0.1) 
mozarella/mascarpone/feta 65 (<0.1) 15 (0.0) 94 (0.1) 71 (<0.1) 69 (<0.1) 90 (<0.1) 
chocolate/fruit milk 64 (<0.1) 38 (0.0) 70 (0.1) 64 (<0.1) 86 (<0.1) 50 (<0.1) 
plain yoghurt 63 (<0.1) 80 (0.5) 60 (<0.1) 63 (<0.1) 56 (<0.1) 53 (<0.1) 
plain curd (quark) 56 (<0.1) 16 (0.0) 32 (0.0) 98 (0.2) 81 (<0.1) 30 (0.0) 
whey cheese 50 (0.0) 4 (0.0) 88 (0.1) 55 (<0.1) 39 (0.0) 87 (0.1) 
sour milk/kefir 37 (0.0) 4 (0.0) 2 (0.0) 27 (0.0) 89 (0.1) 53 (<0.1) 
fruit, vegetables and seeds       
apple/pear 99 (0.5) 96 (0.5) 100 (0.8) 98 (0.7) 99 (0.2) 100 (0.6) 
tomatoes 99 (0.2) 96 (0.5) 100 (0.2) 98 (0.2) 99 (0.2) 100 (0.5) 
orange/mandarin orange/kiwi 97 (0.5) 95 (0.8) 100 (0.8) 96 (0.5) 99 (0.2) 97 (0.2) 
lettuce/endivie/chicory/CH-cabbage 97 (0.2) 98 (0.5) 100 (0.5) 96 (0.2) 94 (0.1) 100 (0.2) 
carrots 95 (0.2) 93 (0.2) 86 (0.1) 95 (0.1) 100 (0.2) 100 (0.2) 
mixed vegetables 95 (0.1) 91 (0.1) 98 (0.2) 98 (0.1) 94 (0.1) 93 (0.1) 
strawberries 94 (<0.1) 89 (0.2) 88 (<0.1) 96 (0.1) 97 (<0.1) 100 (<0.1) 
plum/peach/apricot/nectarine 93 (0.1) 89 (0.2) 94 (0.2) 98 (0.1) 96 (<0.1) 83 (<0.1) 
white cabbage/cauliflower/broccoli 92 (0.1) 89 (<0.1) 92 (0.1) 100 (0.1) 86 (<0.1) 100 (0.2) 

1European Food Propensity Questionnaire (EFPQ) 
Abbreviations: CH: Chinese; Median FC/d: Median daily frequency of consumption 
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Table 3-4: continued. 
 
 % consumer of food items of the EFPQ1 (Median FC/d) 
 all 

(n=261)  
EPIC-San Sebastian 

(n=55) 
EPIC Florence 

(n=50) 
EPIC-Potsdam 

(n=56) 
EGC 

(n=70) 
NOWAC 
(n=30) 

fruit, vegetables and seeds       
green/French beans 90 (0.1) 98 (0.1) 98 (0.1) 100 (0.1) 76 (<0.1) 80 (<0.1) 
tomato sauce 90 (0.1) 95 (0.1) 96 (0.2) 86 (<0.1) 84 (0.1) 97 (<0.1) 
vegetables soup 90 (0.1) 98 (0.2) 72 (0.1) 98 (0.1) 90 (0.1) 77 (<0.1) 
nuts 90 (0.1) 85 (0.1) 82 (<0.1) 91 (0.1) 94 (<0.1) 100 (0.2) 
legumes 90 (<0.1) 82 (<0.1) 100 (0.1) 88 (<0.1) 90 (<0.1) 90 (<0.1) 
banana 89 (0.1) 71 (0.1) 94 (0.1) 95 (0.2) 94 (0.1) 93 (0.1) 
grapes 89 (0.1) 69 (<0.1) 94 (0.1) 89 (0.1) 99 (<0.1) 93 (0.1) 
cherries 88 (<0.1) 87 (0.1) 86 (0.1) 91 (<0.1) 93 (<0.1) 77 (<0.1) 
water melon/melon 87 (<0.1) 87 (0.1) 80 (<0.1) 77 (<0.1) 96 (<0.1) 97 (<0.1) 
zucchini/courgette/egg plant  83 (<0.1) 85 (0.1) 98 (0.1) 73 (<0.1) 80 (<0.1) 77 (<0.1) 
cucumber 82 (0.1) 46 (0.1) 76 (<0.1) 96 (0.1) 97 (0.1) 97 (0.2) 
lentil-/pea-/bean soup 82 (<0.1) 100 (0.2) 86 (<0.1) 89 (0.1) 80 (<0.1) 37 (0.0) 
asparagus 77 (<0.1) 96 (0.1) 90 (<0.1) 100 (0.2) 27 (0.0) 97 (<0.1) 
dried fruit 74 (<0.1) 60 (<0.1) 78 (<0.1) 77 (<0.1) 79 (<0.1) 80 (<0.1) 
fresh fruit salad 74 (<0.1) 47 (0.0) 80 (<0.1) 93 (0.1) 74 (<0.1) 73 (<0.1) 
currants/berries 69 (<0.1) 16 (0.0) 60 (<0.1) 88 (<0.1) 93 (<0.1) 90 (<0.1) 
spinach/chard 69 (<0.1) 78 (0.1) 98 (0.1) 91 (<0.1) 21 (0.0) 73 (<0.1) 
raw pepper  69 (<0.1) 47 (0.0) 38 (0.0) 86 (0.2) 84 (0.1) 97 (0.2) 
sauerkraut/surkaal  65 (<0.1) 7 (0.0) 34 (0.0) 98 (0.1) 94 (<0.1) 90 (<0.1) 
stewed/canned fruit 63 (<0.1) 71 (0.0) 48 (0.1) 89 (<0.1) 79 (<0.1) 37 (<0.1) 
ketchup 56 (<0.1) 6 (0.0) 16 (0.0) 88 (<0.1) 91 (0.1) 70 (<0.1) 
swede/yellow turnip 50 (0.0) 7 (0.0) 58 (<0.1) 34 (0.0) 74 (<0.1) 87 (<0.1) 
seeds 24 (0.0) 15 (0.0) 6 (0.0) 20 (0.0) 39 (0.0) 47 (0.0) 
potatoes, rice, pasta and eggs       
egg 100 (0.2) 100 (0.2) 100 (0.1) 100 (0.2) 99 (0.1) 100 (0.2) 
pasta 99 (0.2) 96 (0.2) 100 (0.6) 96 (0.1) 100 (0.2) 100 (0.1) 
potatoes 99 (0.5) 96 (0.2) 98 (0.2) 100 (0.5) 100 (0.5) 100 (0.5) 
rice 98 (0.1) 100 (0.2) 100 (0.1) 96 (0.1) 96 (0.1) 100 (0.1) 
pan-fried potatoes/French fries 90 (<0.1) 85 (0.1) 92 (<0.1) 86 (<0.1) 99 (0.1) 80 (<0.1) 
other grains 58 (<0.1) 15 (0.0) 94 (<0.1) 50 (<0.1) 84 (<0.1) 37 (0.0) 
mixed dishes       
mixed dishes with meat 94 (0.1) 96 (0.1) 94 (0.1) 96 (0.1) 97 (0.1) 100 (0.1) 
ice cream/pudding 89 (0.1) 95 (<0.1) 90 (0.1) 95 (<0.1) 99 (0.1) 90 (<0.1) 
1European Food Propensity Questionnaire (EFPQ) 
Abbreviation: Median FC/d: Median daily frequency of consumption 
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Table 3-4: continued. 
 
 % consumer of food items of the EFPQ1 (Median FC/d) 
 all 

(n=261)  
EPIC-San Sebastian 

(n=55) 
EPIC Florence 

(n=50) 
EPIC-Potsdam 

(n=56) 
EGC 

(n=70) 
NOWAC 
(n=30) 

mixed dishes       
mixed dishes without meat 83 (<0.1) 73 (0.1) 90 (0.1) 73 (<0.1) 91 (<0.1) 73 (<0.1) 
pizza 78 (<0.1) 36 (0.0) 100 (0.1) 70 (<0.1) 94 (<0.1) 97 (0.1) 
lasagne/ravioli/ tortellini 69 (<0.1) 29 (0.0) 100 (<0.1) 64 (<0.1) 75 (<0.1) 83 (<0.1) 
pancakes/crêpes 66 (<0.1) 29 (0.0) 48 (0.0) 73 (<0.1) 99 (0.1) 70 (<0.1) 
tofu 8 (0.0) 7 (0.0) 6 (0.0) 4 (0.0) 16 (0.0) 3 (0.0) 
meat, meat products and fish       
poultry 99 (0.1) 98 (0.2) 98 (0.2) 100 (0.1) 99 (0.1) 100 (0.1) 
beef 97 (0.1) 100 (0.2) 100 (0.2) 96 (0.1) 91(<0.1) 97 (0.1) 
fatty fish  96 (0.1) 100 (0.2) 96 (0.1) 91 (0.1) 96 (0.1) 100 (0.2) 
meatballs/hamburger 95 (0.1) 89 (<0.1) 94 (<0.1) 98 (0.1) 97 (0.1) 97 (<0.1) 
pork 95 (0.1) 84 (0.1) 100 (0.1) 95 (0.1) 97 (0.2) 100 (0.1) 
lean fish 95 (0.1) 100 (0.2) 92 (<0.1) 95 (0.1) 93 (0.1) 100 (0.1) 
jagdwurst/bologna/mortadella/ham 92 (0.1) 80 (0.1) 92 (<0.1) 91(0.1) 97 (0.2) 100 (0.2) 
dry-/cured meat 92 (0.1) 91 (0.1) 100 (0.1) 93 (0.1) 84 (<0.1) 97(<0.1) 
dry sausage 83 (<0.1) 84 (0.1) 80 (<0.1) 93 (0.1) 71 (<0.1) 93 (0.1) 
fried sausage 78 (<0.1) 44 (0.0) 90 (<0.1) 91 (<0.1) 89 (<0.1) 73 (<0.1) 
liverwurst/liver paté 72 (<0.1) 64 (<0.1) 28 (0.0) 93 (0.1) 86 (0.1) 90 (0.1) 
shell fish  68 (<0.1) 82 (<0.1) 94 (<0.1) 34 (0.0) 56 (<0.1) 90 (<0.1) 
boiled sausage 67 (<0.1) 29 (0.0) 29 (0.0) 93 (0.1) 96 (0.1) 83 (<0.1) 
fish preparations 64 (<0.1) 53 (<0.1) 24 (0.0) 71 (<0.1) 86 (<0.1) 90 (<0.1) 
liver 64 (<0.1) 49 (0.0) 58 (<0.1) 70 (<0.1) 89 (<0.1) 33 (0.0) 
venison 63 (<0.1) 33 (0.0) 72 (<0.1) 64 (<0.1) 71 (<0.1) 80 (<0.1) 
blood sausage/black pudding 59 (<0.1) 64 (<0.1) 10 (0.0) 84 (<0.1) 87 (<0.1) 17 (0.0) 
cakes and sweets       
chocolate/chocolate candy  93 (0.1) 78 (<0.1) 94 (0.1) 96 (0.2) 99 (0.1) 97 (0.1) 
tart/pie 92 (<0.1) 86 (<0.1) 94 (<0.1) 96 (0.1) 100 (0.1) 70 (<0.1) 
cookies/biscuits 91 (0.1) 79 (0.2) 90 (0.1) 95 (0.1) 100 (0.1) 87 (<0.1) 
yeast cake/pastry 87 (<0.1) 71 (<0.1) 76 (0.1) 93 (<0.1) 100 (0.1) 93 (<0.1) 
sponge cake 87 (<0.1) 82 (<0.1) 68 (<0.1) 91 (<0.1) 100 (<0.1) 93 (<0.1) 
cake without filling 81 (<0.1) 62 (<0.1) 88 (<0.1) 80 (<0.1) 93 (<0.1) 70 (<0.1) 
sweets/candy 71 (<0.1) 53 (<0.1) 62 (<0.1) 59 (<0.1) 100 (0.1) 77 (0.1) 
whipped cream  66 (<0.1) 31 (0.0) 52 (<0.1) 77 (<0.1) 56 (<0.1) 87 (<0.1) 
1European Food Propensity Questionnaire (EFPQ) 
Abbreviation: Median FC/d: Median daily frequency of consumption 
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Table 3-4: continued. 
 
 % consumer of food items of the EFPQ1 (Median FC/d) 
 all 

(n=261)  
EPIC-San Sebastian 

(n=55) 
EPIC Florence 

(n=50) 
EPIC-Potsdam 

(n=56) 
EGC 

(n=70) 
NOWAC 
(n=30) 

non-alcoholic beverages       
mineral/tap water 99 (3.5) 100 (3.5) 98 (5.5) 98 (3.5) 100 (3.5) 100 (3.5) 
100% fruit juice 83 (0.1) 67 (<0.1) 76 (<0.1) 80 (0.2) 99 (0.3) 93 (0.1) 
fruit-/herbal tea 66 (0.1) 44 (0.0) 46 (0.0) 84 (0.7) 84 (0.1) 63 (<0.1) 
regular coffee 63 (0.8) 56 (0.5) 74 (1.5) 34 (1.5) 76 (0.5) 80 (3.5) 
regular sodas 62 (0.0) 49 (0.0) 72 (<0.1) 30 (0.0) 91 (0.3) 57 (<0.1) 
fruit nectar and mixtures 61(<0.1) 25 (0.0) 52 (<0.1) 66 (<0.1) 97 (0.3) 50 (<0.1) 
tea, black or green 58 (<0.1) 22 (0.0) 62 (<0.1) 55 (<0.1) 87 (0.3) 57 (0.3) 
light soft drinks 43 (<0.1) 31 (0.0) 22 (0.0) 11 (0.0) 91 (0.1) 50 (<0.1) 
vegetables juice 43 (0.0) 24 (0.0) 10 (0.0) 55 (<0.1) 77 (<0.1) 30 (0.0) 
non-alcoholic beer  31 (0.0) 31 (0.0) 18 (0.0) 27 (0.0) 27 (0.0) 67 (<0.1) 
decaffeinated coffee 19 (0.0) 51 (<0.1) 16 (0.0) 5 (0.0) 7 (0.0) 20 (0.0) 
alcoholic beverages       
regular beer 75 (0.1) 58 (<0.1) 82 (<0.1) 77 (0.1) 79 (0.1) 83 (0.1) 
red wine 84 (0.1) 80 (0.4) 94 (0.5) 77 (0.1) 77 (<0.1) 100 (0.1) 
sparkling wine/champagne  76 (<0.1) 56 (<0.1) 86 (<0.1) 84 (<0.1) 81 (<0.1) 63 (<0.1) 
white wine 67 (<0.1) 53 (<0.1) 86 (0.1) 61 (<0.1) 60 (<0.1) 90 (<0.1) 
spirits  52 (<0.1) 24 (0.0) 42 (0.0) 55 (<0.1) 71 (<0.1) 67 (<0.1) 
liquor/aperitif 51 (<0.1) 22 (0.0) 70 (<0.1) 50 (<0.1) 51 (<0.1) 73 (<0.1) 
mixed beverages 38 (0.0) 24 (0.0) 18 (0.0) 32 (0.0) 57 (<0.1) 63 (<0.1) 
stark beer 17 (0.0) 11 (0.0) 6 (0.0) 16 (0.0) 24 (0.0) 30 (0.0) 
1European Food Propensity Questionnaire (EFPQ) 
Abbreviation: Median FC/d: Median daily frequency of consumption 
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In the total study population as well as in the single pilot study centres there were no 

omitted frequency-of-consumption-categories, though for many food items with a low 

proportion of consumers, small numbers of observations in higher frequency categories 

were found (data not tabulated).  

 

Figure 3-1 shows the proportions of the 17 EPIC-SOFT-food groups in the amount of 

dietary items that was reported on the 24-HDRs, but not captured on the EFPQ for the 

total pilot study population. Results for the single study centres are shown in the appendix 

(Figures A-2-A-6) and described exemplary in the text. About 25% in the total amount of 

24-HDRs dietary items not captured by the EFPQ was from the group of soups and 

bouillons, followed by vegetables (14%), non-alcoholic beverages (10%), fruits and dairy 

products (7%, respectively) and condiments and sauces (6%). Findings from the centre-

stratified analyses were different. In EPIC-San Sebastian and EPIC-Florence, for 

example, the second and first rank was given for vegetables (19% and 25%, respectively) 

whereas in EGC, vegetables were at the 6th rank (7%) and in NOWAC at the 3rd rank 

(13%). In contrast, 13% and 9% of reported dairy products in the 24-HDRS in EGC and 

NOWAC were not captured on the EFPQ food list, while only 0.9% and 1.3% in EPIC-San 

Sebastian and EPIC-Florence. 
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Figure 3-1: Proportions of EPIC-SOFT-food groups in the amount of dietary items reported 
on the 24-hour dietary-recalls (24-HDRs), but not captured by the European Food Propensity 
Questionnaire (EFPQ), IDAMES pilot study 2009. 
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3.3 Determination of uniform and centre-specific portion sizes 

For the sake of brevity, portion sizes results described in this chapter focus on those food 

items with complete available data of uniform and centre-specific portion sizes. Table 3-5 

gives an overview about the uniform portion sizes by recording for each food item the 

estimated portion size derived by the MSM, together with the respective observed portion 

size derived from the 24-HDR-data. In addition, the proportion of consumers on both the 

24-HDRs and the MSM-derived estimates is presented as well as the mean daily 

frequency of consumption (MFC/d).  

 

For all but 14 food items fitted uniform portion sizes could be determined using the MSM. 

Omitted uniform portion size information was observed for currants/berries, grapes, fresh 

fruit salad, swede/yellow turnip, mixed vegetables, lasagne/ravioli/tortellini, 

pancakes/crêpes, tofu, liver, ketchup, fried sausage, stark beer, mixed beverages and 

decaffeinated coffee black. For these items either no subject with more than 1 positive 

intake on the 24-HDRs were encountered and the MSM failed to estimate intra-individual 

variance or the estimated intra-individual variance equals zero. Additionally, estimates for 

decaffeinated coffee black with sweetener and five fat additions (e.g. margarine to prepare 

cooked vegetables) were missing. 

 

With respect to sizes, reasonable fitted uniform portion sizes were computed ranging from 

0.4 g/d for fresh herbs to 627.3 g/d for regular beer. Mean uniform portion sizes appear to 

be particularly reasonable for those food items with high proportion of consumers both on 

the 24-HDRs and defined in the MSM, like white-/wheat bread, semi-soft/firm cheese, 

apple/pear or lettuce/endivie/chicory/Chinese cabbage, potatoes and mineral water. 

Compared to the 24-HDRs a higher proportion of consumers occurred in the MSM for all 

items. Differences in the proportion of consumers were smallest for specific types of bread 

(white-/wheat and rye-/multigrain bread) and largest for certain vegetables, such as 

carrots, cabbage/cauliflower/broccoli and legumes.  

 

For the majority of the food items (59%), uniform portions sizes from the MSM correspond 

well with portion sizes from the 24-HDRs. For example, for white-/wheat bread, semi-

soft/firm cheese, plain yoghurt, cream cheese, orange/mandarin orange/kiwi, carrots, 

green beans or dry sausage and jagdwurst/bologna/mortadella/ham differences in mean 

uniform portion sizes were small. If fitted portion sizes in both approaches were similar, 

means would be similar, too. The comparison of the means for these items revealed that 
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the estimated mean usual intake fit nearly to the observed values (see appendix, Table A-

7).  

 

Compared to the observed mean portion sizes, however, mean uniform portion sizes 

estimated by the use of MSM higher than 5.0 g/d were observed for 14 food items, for 

example strawberries, melon, asparagus, tomato sauce, vegetable juice, whipped cream 

and boiled sausage. Differences in mean uniform portion sizes between MSM and 24-

HDRs ranged from +5.5 g/d for blood sausage/black pudding to +51.2 g/d for vegetable 

soup. Furthermore, differences in mean uniform portion sizes between the two 

approaches lower than 5.0 g/d were observed for 26 food items ranging from -7.6 g/d for 

whey cheese to -63.5 g/d for coffee with caffeine with milk. Decaffeinated coffee with dairy 

creamer was with a mean uniform portion sizes differences of -329.2 g/d an outliner. For 

these food items differences in observed and estimated mean occurred (see appendix 

Table A-7). Generally, it was noticeable that means tended to correspond less for very 

skewed food items characterized by a large number of subjects with zero intakes and few 

persons with very large intakes, e.g. for sour milk/kefir. 
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Table 3-5: Comparison of fitted uniform portion sizes (g/d) derived from the observed 24-
hour dietary recall (24-HDR)-data and by the Multiple Source Method (MSM), respective 
consumer proportions (%) and mean daily frequency of consumption (MFC/d), IDAMES pilot 
study 2009 (n=241). 
 Fitted uniform portion sizes (n=241)  
 24-HDRs1 MSM2 EFPQ 
 Mean portion 

size (g/d) 
% 

consumers 
Mean portion 

size (g/d) 
% 

consumers 
MFC/d 

bread and cereals      
whole grain bread 20.6 30 22.7 83 0.6 
rye-/multigrain bread 55.9 59 61.7 78 0.6 
white-/ wheat bread 72.9 79 77.6 96 0.8 
muesli/cereals 31.8 15 32.5 54 0.1 
spreads      
marmalade/jam/jelly/honey 18.9 48 18.8 89 0.4 
milk, yoghurt and cheese      
milk 374.2 52 369.9 82 0.6 
plain yoghurt 139.8 14 139.4 65 0.2 
flavoured yoghurt  235.6 29 226.2 78 0.2 
cream cheese 7.3 11 7.4 79 0.2 
soft cheese 58.7 22 60.6 79 0.1 
semi-soft/firm cheese 64.2 64 65.0 99 0.4 
fruit, vegetables and seeds      
apple/pear 95.7 60 93.7 98 0.8 
orange/mandarin orange/kiwi 50.0 41 49.2 97 0.7 
banana 56.9 29 54.8 91 0.3 
cucumber 64.2 25 66.2 84 0.2 
dried fruit 17.3 6 15.4 76 0.1 
nuts 23.1 20 23.4 92 0.1 
carrots 25.0 18 23.5 95 0.2 
tomatoes 66.3 48 63.0 99 0.4 
lettuce/endivie/chicory/Chinese 
cabbage 

114.8 61 118.3 99 0.3 

cucumber 64.2 25 66.2 84 0.2 
cabbage/cauliflower/broccoli 61.2 16 57.4 93 0.1 
tomato sauce 36.7 18 42.9 91 0.1 
legumes 55.4 12 53.9 93 0.1 
lentil-/pea-/bean soup 111.1 12 103.3 83 0.1 
potatoes, rice, pasta and 
eggs 

     

potatoes 128.2 57 124.1 99 0.4 
pan-fried potatoes/French fries 190.2 20 175.0 90 0.1 
rice 119.0 23 110.4 99 0.1 
pasta 175.4 42 172.6 99 0.2 
egg 78.7 42 76.4 100 0.2 
mixed dishes      
ice cream/pudding 220.6 36 216.0 92 0.1 
cakes and sweets      
sponge cake 176.7 21 163.8 88 <0.1 
cake without filling 178.9 20 167.2 83 <0.1 
whipped cream  51.7 10 81.4 68 <0.1 
cookies/biscuits 40.7 37 42.1 94 0.2 
chocolate/chocolate candy  19.4 23 19.7 95 0.2 
sweets/candy 6.1 9 6.1 72 0.1 
1uniform portion sizes-24-HDRs were computed by dividing the observed summed average intake of each 
European Food Propensity Questionnaire (EFPQ) food item consumed on the 24-HDRs by the respective 
summed frequencies of consumption per day reported on the EFPQ, including all centres 
2uniform portion sizes-MSM were derived by the Multiple Source Method (MSM) by dividing the summed 
estimated usual intake of each EFPQ food item consumed on the 24-HDRs by the respective summed 
frequencies of consumption per day reported on the EFPQ, including all centres. The usual intake estimation 
by MSM included EFPQ frequency of consumption, gender and centre as covariates.   
Abbreviation: MFC/d: mean frequency of consumption per day 
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Table 3-5: continued. 

 Fitted uniform portion sizes (n=241)  
 24-HDRs1 MSM2 EFPQ 
 Mean portion 

size (g/d) 
% 

consumers 
Mean portion 

size (g/d) 
% 

consumers 
MFC/d 

meat, -products and fish      
liverwurst/liver paté 24.3 14 25.7 74 0.1 
dry sausage 41.2 30 40.9 86 0.1 
jagdwurst/bologna, 
mortadella/ham 

22.0 24 22.2 93 0.1 

dry-/cured meat 69.2 47 69.7 95 0.2 
meatballs/hamburger  142.8 20 123.5 96 0.1 
boiled sausage  188.5 28 195.6 70 0.1 
pork 252.4 42 247.4 97 0.1 
poultry 156.7 40 147.1 100 0.1 
beef 186.7 37 177.8 96 0.1 
fatty fish 160.7 44 155.9 97 0.1 
lean fish 84.8 18 71.0 95 0.1 
shell fish 116.9 15 113.1 69 <0.1 
non-alcoholic beverages      
mineral/tap water 193.2 89 192.7 100 3.8 
regular sodas 117.3 19 111.0 67 0.3 
100% fruit juice 184.1 52 174.5 91 0.4 
regular coffee black 192.1 72 167.1 80 1.4 
regular coffee with milk 241.1 49 177.6 59 1.1 
black/green tea 78.1 13 78.3 61 0.4 
fruit/herbal tea 188.6 30 176.6 70 0.5 
alcoholic beverages      
regular beer 638.3 27 627.3 76 0.2 
white wine 144.8 15 143.8 71 0.1 
red wine 183.7 41 182.7 85 0.4 
sparkling wine/champagne 126.3 7 131.0 78 <0.1 
spirits 41.5 11 41.0 54 0.1 
1uniform portion sizes-24-HDRs were computed by dividing the observed summed average intake of each 
European Food Propensity Questionnaire (EFPQ) food item consumed on the 24-HDRs by the respective 
summed frequencies of consumption per day reported in the EFPQ, including all centres 
2uniform portion sizes-MSM were derived by the Multiple Source Method (MSM) by dividing the summed 
estimated usual intake of each EFPQ food item consumed on the 24-HDRs by the respective summed 
frequencies of consumption per day reported on the EFPQ, including all centres. The usual intake estimation 
by MSM included EFPQ frequency of consumption, gender and centre as covariates   
Abbreviation: MFC/d: mean frequency of consumption per day 
 

Table 3-6 gives an overview about the mean fitted portion sizes of the selected food items 

in each pilot study centre and the respective mean daily frequencies of consumption. If the 

portion sizes determination by the MSM was not possible, fitted centre-specific portion 

sizes derived from the 24-HDRs are depicted and indicated with *.  

 

Overall, a wide range of generally reasonable fitted portion sizes across the centres could 

be determined. Differences were due to a high variation in the observed or estimated 

summed intake of each EFPQ-item and reported frequencies of consumption. For 

example, portion sizes for rye-/multigrain bread, potatoes, pork, beef and regular beer 

were largest in EPIC-Potsdam and EGC, compared to the other centres, while the largest 

portion size for pasta was observed in EPIC-Florence. Furthermore, for some food items a 

geographical gradient in portion sizes was observed. In the Southern European centres, 
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fitted portion sizes for rye-/multigrain bread, muesli/cereals, milk, potatoes, 

meatballs/hamburger, boiled sausage, pork, regular coffee and beer were smaller 

compared to those in Central- and Northern European centres. By contrast, the portion 

size in EPIC-Florence and EPIC-San Sebastian were larger for legumes compared to 

those in the Central and Northern European centres. A clear North-South gradient in 

portion sizes was also apparent for milk (range: 587.7g/d-195.7g/d) and boiled sausage 

(range: 218.8g/d-80.1g/d).  

 

For some food items that come in natural units, such as apple/pear, egg and 

orange/mandarin/kiwi portion sizes across the centres tended to be similar. For example, 

the mean portion size for apple/pear was in EPIC-San Sebastian, EPIC-Potsdam and 

EGC similar (88.9g/d, 88.8g/d and 94.4g/d, respectively). Moreover, there were several 

food items, whose mean portion sizes were very similar between some of the centres 

including whole grain bread (EPIC-Florence, EPIC-Potsdam and NOWAC), dried fruit 

(EPIC-Florence and EPIC-Potsdam), tomatoes (EPIC-Florence and EGC), pan-fried 

potatoes/French fries (EGC and NOWAC), ice cream (EPIC-Florence and NOWAC), 

jagdwurst/bologna/mortadella/ham (EPIC-Potsdam and NOWAC), lean fish (EPIC-

Florence and EPIC-Potsdam) and black/green tea in EPIC-Florence and EPIC-Potsdam. 

 

Furthermore, undersized centre-specific portions were present for single food items that 

resulted from low values of the observed summed average intake of each EFPQ food item 

consumed on the 24-HDRs (e.g. rye-/multi-grain bread in EPIC-San Sebastian and EPIC-

Florence, cream cheese in EGC, sweets and candy in three of the participating centres 

and shell fish in EPIC-Potsdam and EGC). In contrast, large fitted portion sizes were 

determined reflecting high consumed amounts of certain foods in some centres, e.g. for 

white-/wheat bread and milk in NOWAC or regular beer in EPIC-Potsdam and in NOWAC. 

As expected, uniform and centre-specific portion sizes often differed in sizes, given that 

uniform portion sizes reflect the average portion sizes across the centres.  
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Table 3-6: Fitted centre-specific portion sizes (g/d) derived from the observed 24-hour dietary recall (24-HDR)-data and by the Multiple Source 
Method (MSM) and mean daily frequency of consumption (MFC/d), IDAMES pilot study 2009 (n=241). 

1centre-specific fitted portion sizes were either derived by the Multiple Source Method (MSM) with inclusion of gender and EFPQ frequency of consumption as covariates or 
from the observed 24-HDRs-data by dividing the summed estimated usual intake or observed summed average intake of each EFPQ food item consumed on the 24-HDRs 
by the respective summed frequencies of consumption per day reported on the EFPQ, stratified by centre. Values of centre-specific portion-sizes-24-HDRs are indicated 
with * 
Abbreviation: MFC/d: mean frequency of consumption per day 

 Fitted centre-specific portion sizes1 
 EPIC-San Sebastian 

(n=43) 
EPIC-Florence 

 (n=49) 
EPIC-Potsdam 

 (n=55) 
EGC 

 (n=69) 
NOWAC 
 (n=25) 

 Mean portion 
size (g/d) 

MFC/d Mean portion 
size (g/d) 

MFC/d Mean portion 
size (g/d) 

MFC/d Mean portion 
size (g/d) 

MFC/d Mean portion 
size (g/d) 

MFC/d 

bread and cereals           
whole grain bread 18.7 0.5 30.1 0.3 29.7 0.7 11.0 0.5 30.8 0.6 
rye-/multigrain bread 11.9* 0.3 8.9* 0.2 72.9 0.9 72.5 0.8 59.9 0.6 
white-/wheat bread 95.2 1.2 76.3 1.4 79.3 0.4 44.6 0.7 308.4 0.1 
muesli/cereals 22.3 0.1 17.8 0.1 29.4 0.1 35.8 0.1 35.6 0.3 
spreads           
marmalade/jam/jelly/honey 12.9 0.3 25.1 0.4 19.6 0.8 11.7 0.4 27.6 0.4 
milk, yoghurt and cheese           
milk 195.7 1.0 382.5 0.6 432.1 0.3 438.1 0.7 587.7 0.4 
plain yoghurt 196.1* 0.4 50.9 0.2 180.6 0.1 23.7* 0.1 109.9* 0.1 
flavoured yoghurt  126.4* 0.3 283.9* 0.1 292.7 0.2 225.8 0.2 270.5* 0.3 
cream cheese 6.7* <0.1 22.6* 0.1 13.5 0.2 0.3* 0.4 19.4* 0.1 
semi-soft/firm cheese 26.0* 0.3 142.6 0.2 59.1 0.5 44.7 0.4 87.4 0.4 
fruit, vegetables and seeds           
apple/pear 88.9 0.9 112.6 1.0 88.8 0.9 94.4 0.5 74.8 0.9 
orange/mandarin 
orange/kiwi 

42.4 0.9 48.2 1.0 66.7 0.7 40.3 0.3 39.0* 0.7 

banana 39.9 0.2 89.8 0.1 49.2 0.4 46.1 0.3 80.4 0.1 
dried fruit 11.8* 0.5 21.1* <0.1 21.3* 0.1 27.0 0.1 7.2* 0.1 
cucumber 30.5* 0.1 72.4* 0.1 75.2 0.2 83.0 0.2 21.2 0.3 
nuts 26.2 0.3 9.7* 0.1 19.7 0.2 32.5* 0.1 20.8 0.3 
carrots 2.9 0.3 17.4* 0.2 37.9 0.2 18.1 0.2 51.7 0.4 
tomatoes 43.1 0.5 106.1 0.3 41.4 0.4 109.0 0.3 20.3 0.5 
lettuce/endivie/chicory/ 
Chinese cabbage 

94.1 0.5 132.8 0.4 113.1 0.2 140.2 0.2 124.5 0.4 

cabbage/cauliflower/broccoli 54.4* 0.1 21.2* 0.1 83.5 0.1 17.4* 0.1 107.3 0.2 
tomato sauce 7.6* 0.1 61.2 0.2 13.4* 0.1 19.2* 0.1 33.3 <0.1 
legumes 112.6 0.1 55.2 0.1 50.6* <0.1 24.6* <0.1 6.6 0.1 
lentil-/pea-/bean soup 95.2 0.2 212.9* 0.1 107.1* <0.1 51.8* <0.1 15.6* <0.1 



3 Results 

 41

Table 3-6: continued. 
 

1centre-specific fitted portion sizes were either derived by the Multiple Source Method (MSM) with inclusion of gender and EFPQ frequency of consumption as covariates or 
from the observed 24-HDRs-data by dividing the summed estimated usual intake or observed summed average intake of each EFPQ food item consumed on the 24-HDRs 
by the respective summed frequencies of consumption per day reported on the EFPQ, stratified by centre. Values of centre-specific portion-sizes-24-HDRs are indicated 
with * 
Abbreviation: MFC/d: mean frequency of consumption per day 

 Fitted centre-specific portion sizes1 
 EPIC-San Sebastian 

(n=43) 
EPIC-Florence 

 (n=49) 
EPIC-Potsdam 

 (n=55) 
EGC 

 (n=69) 
NOWAC 
 (n=25) 

 Mean portion 
size (g/d) 

MFC/d Mean portion 
size (g/d) 

MFC/d Mean portion 
size (g/d) 

MFC/d Mean portion 
size (g/d) 

MFC/d Mean portion 
size (g/d) 

MFC/d 

potatoes, rice, pasta and 
eggs 

          

potatoes 49.6 0.3 67.9 0.2 146.1 0.5 163.8 0.5 88.1 0.4 
pan-fried potatoes/French 
fries 

37.2* 0.1 344.1 <0.1 200.1 <0.1 220.9 0.1 221.6* <0.1 

rice 57.4* 0.2 193.6 0.2 31.1 0.1 147.4 0.1 53.6 0.1 
pasta 47.0* 0.2 222.9 0.6 141.7 0.1 178.9 0.2 18.2* 0.1 
egg 104.9 0.3 66.9 0.1 71.0 0.2 63.6 0.2 68.1 0.3 
mixed dishes           
ice cream/pudding 265.1 <0.1 298.9 0.1 181.5 0.1 171.5 0.1 303.1 0.1 
cakes and sweets           
sponge cake 72.2* 0.1 339.3* <0.1 220.8 <0.1 152.3 0.1 239.9* <0.1 
cake without filling 112.7 <0.1 125.9* <0.1 143.3 <0.1 302.9 <0.1 48.1* <0.1 
whipped cream  10.9* <0.1 35.5* <0.1 131.0 <0.1 24.3* <0.1 65.5* <0.1 
cookies/biscuits 34.0 0.3 43.6 0.2 48.3 0.1 67.5 0.2 5.6* 0.1 
chocolate/chocolate candy  10.2* 0.1 14.2 0.2 34.8 0.2 17.0 0.2 14.0 0.2 
sweets/candy 1.4* <0.1 0.7* 0.1 31.1 0.1 0.3* 0.2 19.5 0.1 
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Table 3-6: continued. 
 
 Fitted centre-specific portion sizes1 
 EPIC-San Sebastian  

(n=43) 
EPIC-Florence 

 (n=49) 
EPIC-Potsdam 

 (n=55) 
EGC 

 (n=69) 
NOWAC 
 (n=25) 

 Mean portion 
size (g/d) 

MFC/d Mean portion 
size (g/d) 

MFC/d Mean portion 
size (g/d) 

MFC/d Mean portion 
size (g/d) 

MFC/d Mean portion 
size (g/d) 

MFC/d 

meat, -products and fish            
liverwurst/liver paté  17.3 <0.1 87.4* <0.1 33.9 0.1 16.9* 0.1 11.8* 0.2 
dry sausage 34.6 0.1 124.0 <0.1 42.2 0.2 40.0* 0.1 8.2 0.1 
jagdwurst/bologna, 
mortadella/ham 

8.3 0.2 29.9 0.1 34.4 0.2 16.7 0.3 34.6 0.3 

dry/cured meat  71.6 0.1 65.1 0.2 41.1 0.2 142.2 0.1 4.0* 0.1 
meatballs/hamburger  75.1 0.1 93.3* 0.1 239,3* 0.1 126.2 0.1 183.4* 0.1 
boiled sausage  80.1* <0.1 105.6* <0.1 192.3 0.1 203.0 0.2 218.8* <0.1 
pork 124.8 0.1 209.8 0.1 355.4 0.1 267.3 0.2 242.1 0.1 
beef 187.4 0.2 127.7 0.2 357.6 0.1 241.9 0.1 115.2 0.1 
poultry 131.8 0.2 152.0 0.2 86.4 0.1 241.3 0.2 71.0 0.2 
fatty fish 200.3 0.2 102.9 0.1 159.6 0.1 213.2 0.1 92.0 0.2 
lean fish 21.0 0.2 107.0* 0.1 108.1 0.1 158.2* 0.1 113.6 0.2 
shell fish 233.2 <0.1 129.3 <0.1 8.0* <0.1 3.6* <0.1 193.2 <0.1 
non-alcoholic beverages           
mineral/tap water 135.4 3.6 258.9 5.1 200.3 3.0 118.6 3.2 249.0 4.6 
regular sodas 140.7 0.3 99.4 0.2 168.5* 0.1 93.3 0.6 281.2 0.1 
100% fruit juice 111.5 0.4 172.7 0.1 178.6 0.6 199.0 0.6 170.0 0.3 
regular coffee black 165.0 0.6 69.6 1.7 243.5 1.9 254.7 1.0 219.7 3.0 
regular coffee with milk 420.3 0.5 72.6 1.6 279.7 0.9 442.1 0.8 63.4 3.6 
black/green tea 27.9* 0.1 91.5 0.1 95.4 0.4 62.1 0.7 110.7 0.6 
fruit/herbal tea 125.9 0.2 162.0* 0.1 201.1 1.4 174.6 0.4 110.4* 0.3 
alcoholic beverages           
regular beer 36.1* 0.1 331.4* 0.1 748.7 0.3 818.0 0.2 384.0* 0.1 
white wine 44.2* 0.1 110.3 0.2 301.3 0.1 97.0* <0.1 255.8 0.1 
red wine 172.6 0.6 155.9 0.9 343.3 0.1 138.0 0.1 231.8 0.2 
sparkling wine/champagne 335.5 <0.1 156.5* <0.1 165.2* <0.1 7.5* <0.1 88.7* <0.1 
spirits 119.2* <0.1 53.0 0.1 9.0* 0.1 65.9* 0.1 25.2* <0.1 
1centre-specific fitted portion sizes were either derived by the Multiple source method (MSM) with inclusion of gender and EFPQ frequency of consumption as covariates or 
from the observed 24-HDRs-data by dividing the summed estimated usual intake or observed summed average intake of each EFPQ food item consumed on the 24-HDRs 
by the respective summed frequencies of consumption per day reported on the EFPQ, stratified by centre. Values of centre-specific portion-sizes-24-HDRs are indicated 
with * 
Abbreviation: MFC/d: mean frequency of consumption per day 
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3.4 Effect of portion sizes on food intakes 

For most food items, the EFPQ including uniform and centre-specific portion sizes, 

respectively, estimated similar intakes than the MSM, which was expected, because by 

definition the mean of the product of fitted portion sizes and frequency of consumption 

should approximate the estimated mean intake by the MSM at food item level. By 

implementing uniform portion sizes in the EFPQ, mean food item intake of all items from 

the groups of bread, cereals, spreads, potatoes, rice, pasta, eggs, mixed dishes and fish 

nearly coincides with the respective mean estimated by the MSM. Differences in mean 

intake between the MSM and the EFPQ with centre-specific portion sizes were slightly 

more present, but not significant. For a few items, particularly from the group of milk, 

yoghurt and cheeses and of non-alcoholic and alcoholic beverages differences in mean 

intake were somewhat greater (see appendix, Table A-8). Nevertheless, except for lentil-

/pea-/bean soup, mean differences obtained by both portion sizes types were not 

significant and overall both portion size types do not differ substantially in the quantitative 

assessment of mean food item intake in the entire study population. 

 

Both portion sizes types, however, have different impacts on the standard deviation (SD) 

of the mean, relative to the estimated SD by the MSM. While the use of uniform portion 

sizes yielded to smaller SD of the mean of 77.4% of the food items, the respective 

proportion of food items for centre-specific portion sizes was 64.3%. For most EFPQ-

items centre-specific portion sizes led to the calculation of values corresponding more 

closely to those obtained by the MSM. Note, higher SD of the mean relative to the MSM 

were found for rye-bread and white bread, cake without filling, single items of fruits (e.g. 

apple/pear) and several items of non-alcoholic, hot (e.g. regular coffee black) and 

alcoholic beverages (e.g. red wine). Overall, at food item level, the SD of the MSM was 

underestimated by 1.9% applying centre-specific portion sizes. In contrast, by the use of 

uniform portion sizes percent of underestimation was 18.5%. 

 

At food group level, portion sizes effects on intakes were more apparent. Table 3-7 

presents the differences in mean intake of the selected 17 food groups estimated by the 

EFPQ with uniform and centre-specific portion sizes and by the MSM using frequency of 

consumption, gender and pilot study centre as covariates. Findings are presented for the 

pooled sample of all centres and for Southern, Central and Northern European centres, 

separately. Mean values of food group intake are shown in the appendix (see appendix 

Table A-9). Consistently, the EFPQ with uniform portion sizes and the EFPQ with centre-
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specific portion sizes showed significant differences in absolute mean intakes for 10 food 

groups (p<0.05) among all study participants, for all but one in the direction of 

underestimation compared to the MSM. Underestimation of soups, non-alcoholic 

beverages, fruits, condiments and sauces, potatoes, meat and -products, cereals and -

products, sugar and confectionary, miscellaneous and alcoholic beverages correspond 

well to their group contribution to the dietary items not captured by the EFPQ in the entire 

study population, but reported on the 24-HDRs, as previously described. The use of both 

portion sizes also underestimated the mean intake of fish and shell fish, egg and -

products and cakes, but mean differences were only significant with one portion sizes type 

respectively. Furthermore, absolute mean intakes of most underestimated food groups 

were greater from the EFPQ with centre-specific portion sizes than from the EFPQ 

uniform portion sizes, remarkably for the intake of egg and -products. Exceptions were 

fish and shellfish, cakes and condiments and sauces. 

 

By contrast, the most pronounced overestimation by the EFPQ with uniform portion sizes 

was found for dairy products, which was significantly higher (+226.4 g/d; SD 460.0) than 

the intake estimated by the MSM, while the EFPQ with centre-specific portion sizes 

appeared to underestimate the intake. The Bland-Altman plots for this food group for the 

entire study population showed, that by the use of uniform portion sizes the individual 

between-method differences tended to increase with increasing intake with magnitude of 

arithmetic differences at high intake and smallest at low intake levels. With centre-specific 

portion sizes no systematic trend was seen that the differences between the 

measurements increased as intake increased (see appendix Figures A-7 and A-8). Both 

portion sizes types varied also with respect to vegetable intake. Lower intakes for both 

food groups were measured by the EFPQ with uniform portion sizes, whereas centre-

specific portion sizes appeared to overestimate significantly the intake. 

 

Similarly to food item intake, overall underestimation of the SD of the mean estimated by 

the MSM was more apparent with the use of uniform portion sizes than with centre-

specific portion sizes, though both portion sizes led to the calculation of higher SD for 

vegetables, dairy products, cereals and -products, meat and –products and non-alcoholic 

and alcoholic beverages, relative to those from the MSM. Centre-specific portion sizes 

yielded also higher values for fruits and sugar and confectionary (see appendix Table A-

9). 

 

Stratification according to centres showed for certain food groups a notable differential 
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effect of portion sizes on the mean intake according to centre. For instance, the use of 

uniform portion sizes significantly overestimated the mean intake of potatoes and 

alcoholic beverages in the Southern centres and additionally, the mean fat intake in the 

Northern European centres. Further, uniform portion sizes led to the calculation of 

significantly underestimated mean intake of non-alcoholic beverages in the Central 

European Centre (EPIC-Potsdam). Centre-specific portion sizes, in contrast, affected the 

mean intake of vegetables in the Northern European Centres in the direction of 

underestimation, whereas intake of dairy products was significantly overestimated in 

EPIC-Potsdam.  
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Table 3-7: Differences in food group intake estimated by the European Food Propensity Questionnaire (EFPQ) with fitted uniform and centre-
specific portion sizes and by the Multiple Source Method (MSM) in the total study population and by study centre, IDAMES pilot study 2009. 

Data are arithmetic means with standard deviation (SD) 
1European Food Propensity Questionnaire (EFPQ) 
2The usual intake estimation by the MSM (Multiple Source Method) includes EFPQ frequency of consumption, gender and pilot study centre as covariates 
significance level: p<0.05 
 

 Differences in food group intake (g/day) (EFPQ1-MSM2) 
 all  

(n=241) 
Southern European centres 

(n=92) 
Central European centre 

(n=55) 
Northern European centres 

(n=94) 
 Mean (SD) p-value Mean (SD) p-value Mean (SD) p-value Mean (SD) p-value 
potatoes         
uniform portion sizes -11.9 (43.5) 0.003 13.3 (29.8) <0.001 -22.0 (32.8) <0.001 -30.5 (48.5) <0.001 
centre-specific portion sizes -22.5 (38.7) <0.001 -11.8 (17.1) <0.001 -11.8 (36.4) 0.046 -39.2 (48.4) <0.001 
vegetables         
uniform portion sizes -40.3 (64.2) <0.001 -54.1 (75.5) <0.001 -34.1 (56.2) <0.001 -30.3 (54.0) <0.001 
centre-specific portion sizes 39.1 (108.9) <0.001 78.2 (125.6) <0.001 75.7 (102.3) <0.001 -20.6 (56.7) <0.001 
legumes         
uniform portion sizes 0.1 (7.2) 0.207 -1.1 (9.8) 0.421 1.4 (5.8) <0.001 0.6 (4.1) <0.001 
centre-specific portion sizes 3.1 (20.4) <0.001 -9.2 (11.0) <0.001 30.1 (24.3) <0.001 -0.8 (3.6) 0.221 
fruits         
uniform portion sizes -10.9 (139.8) 0.022 -35.0 (171.3) 0.005 9.6 (123.2) 1.000 0.7 (109.3) 0.612 
centre-specific portion sizes -16.7 (135.1) 0.001 -25.8 (178.5) 0.012 -2.2 (111.7) 0.741 -16.4 (92.4) 0.024 
dairy products         
uniform portion sizes 226.4 (460.0) <0.001 419.9 (478.1) <0.001 123.0 (362.4) 0.007 205.3 (454.9) <0.001 
centre-specific portion sizes -70.9 (396.4) 0.001 -253.9 (259.9) <0.001 175.3 (388.7) 0.001 -71.0 (396.4) 0.005 
cereals and -products         
uniform portion sizes -10.0 (109.0) 0.037 -12.7 (113.3) 0.318 -14.4 (94.9) 0.054 -4.7 (113.2 0.321 
centre-specific portion sizes -28.9 (113.3) <0.001 -57.0 (109.9) <0.001 22.0 (112.7) 0.311 -34.2 (107.8) 0.007 
meat and -products         
uniform portion sizes -11.0 (59.8) 0.002 -6.4 (55.5) 0.333 -22.2 (47.6) 0.001 -9.0 (69.3) 0.101 
centre-specific portion sizes -31.1 (66.8) <0.001 -8.9 (61.9) 0.165 -8.4 (55.4) 0.291 -66.2 (62.8) <0.001 
fish and shellfish         
uniform portion sizes -4.4 (30.1) 0.048 -3.6 (25.5) 0.320 -3.0 (22.1) 0.673 -5.8 (37.5) 0.092 
centre-specific portion sizes -3.4 (31.3) 0.132 -4.8 (27.2) 0.177 -2.8 (22.8) 0.538 -2.3 (38.6) 0.516 
egg and -products         
uniform portion sizes -1.4 (13.4) 0.206 -3.3 (13.6) 0.095 -2.7 (13.3) 0.231 -1.4 (13.4) 0.206 
centre-specific portion sizes -15.2 (12.6) <0.001 -17.2 (14.3) <0.001 -14.6 (11.4) <0.001 -13.7 (11.2) <0.001 
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Table 3-7: continued. 
 
 Differences in food group intake (g/day) (EFPQ1-MSM2) 
 all  

(n=241) 
Southern European centres 

(n=92) 
Central European centre 

(n=55) 
Northern European centres 

(n=94) 
 Mean (SD) p-value Mean (SD) p-value Mean (SD) p-value Mean (SD) p-value 
fat         
uniform portion sizes -2.7 (13.0) 0.006 -5.3 (11.3) <0.001 -10.9 (14.6) <0.001 4.5 (9.6) <0.001 
centre-specific portion sizes 0.9 (13.3) 0.263 -1.4 (11.9) 0.245 1.0 (19.1) 0.804 0.3 (10.1) 0.631 
sugar and confectionary         
uniform portion sizes -5.1 (21.1) <0.001 -5.4 (17.6) 0.002 -4.6 (22.0) 0.043 -5.2 (24.9) 0.043 
centre-specific portion sizes -17.3 (19.1) <0.001 -15.4 (15.4) <0.001 -18.4 (18.4) <0.001 -18.6 (22.5) <0.001 
cakes         
uniform portion sizes -6.1 (45.0) 0.094 -1.9 (33.7) 0.002 -15.9 (37.5) 0.043 -5.4 (56.2) 0.978 
centre-specific portion sizes -5.3 (43.4) 0.165 -5.8 (28.0) 0.063 -2.2 (42.2) 0.798 -6.5 (55.3) 0.704 
non alcoholic beverages         
uniform portion sizes -89.1 (755.0) 0.011 15.9 (590.9) 0.565 -340.1 (566.2) <0.001 -45.0 (945.1) 0.152 
centre-specific portion sizes -109.6 (673.5) 0.004 -56.5 (549.0) 0.521 -163.0 (666.1) 0.105 -130.5 (783.0) 0.010 
alcoholic beverages         
uniform portion sizes -11.6 (280.3) 0.021 46.2 (165.4) 0.036 -72.1 (214.4) 0.005 -32.8 (378.8) 0.001 
centre-specific portion sizes -14.9 (285.6) 0.001 -24.3 (114.5) 0.017 -0.7 (245.4) 0.711 -14.1 (403.1) 0.004 
condiments and sauces         
uniform portion sizes -12.4 (17.5) <0.001 -6.7 (14.9) 0.001 -7.0 (10.2) <0.001 -21.2 (19.7) <0.001 
centre-specific portion sizes -9.9 (21.4) <0.001 6.4 (19.9) 0.004 -19.7 (10.9) <0.001 -20.2 (17.5) <0.001 
soups         
uniform portion sizes -46.1 (52.9) <0.001 -22.1 (32.7) <0.001 -73.5 (59.8) <0.001 -53.7 (54.9) <0.001 
centre-specific portion sizes -47.0 (52.3) <0.001 -24.7 (32.0) <0.001 -72.2 (60.0) <0.001 -53.8 (55.2) <0.001 
miscellaneous         
uniform portion sizes 0.7 (52.7) <0.001 -3.5 (68.8) 0.003 6.9 (14.2) <0.001 1.1 (48.7) <0.001 
centre-specific portion sizes 1.2 (52.7) 0.004 11.5 (70.3) 0.004 -2.0 (7.8) 0.757 -7.0 (46.0) 0.749 
Data are arithmetic means with standard deviation (SD) 
1European Food Propensity Questionnaire (EFPQ) 
2The usual intake estimation by the MSM (Multiple Source Method) includes EFPQ frequency of consumption, gender and pilot study centre as covariates 
significance level: p<0.05 
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3.5 Effect of portion sizes on correlations 

Spearman rank correlations were computed to compare ranking by the EFPQ including 

each of the portion sizes, respectively, and ranking by MSM with regard to food item and 

food group intakes (Table 3-8 and 3-9). At food item level both portion sizes types yielded 

to significant positive correlations for all food items, but lean fish. The majority of the 

correlations were highly significant (p<0.001). Correlations coefficients between the EFPQ 

with uniform portion sizes and the MSM ranged from 0.14 for sweets/candy to 0.84 for 

non-alcoholic beer. High correlation coefficients (rs>=0.70) were also observed for 

marmalade/jam/jelly/honey, flavoured yoghurt, apple/pear, boiled sausage, black/green 

tea, fruit/herbal tea, red wine and spirits, but for most food items uniform portion sizes-

EFPQ correlations were moderate (0.40-0.69). For almost all food items, correlations 

between the EFPQ with centre-specific portion sizes and the MSM were stronger. 

Exceptions were apple/pear, nuts, lettuce/endivie/chicory/white cabbage, beef and regular 

sodas. The correlations from the EFPQ with centre-specific portion sizes ranged from 0.25 

for lean fish to 0.85 for regular and non-alcoholic beer, respectively, but there were many 

items (n=21) with correlation coefficients of rs>=0.70. Most remarkably differences in 

correlation coefficients between both portion sizes types were observed for cream cheese, 

carrots, tart/pie and shell fish. 

Table 3-8: Spearman rank correlation coefficients (rs) of food item intake estimated by the 
European Food Propensity Questionnaire (EFPQ) with fitted uniform and centre-specific 
portion sizes and the Multiple Source Method (MSM), IDAMES pilot study 2009 (n=241). 
 EFPQ1 v. MSM2 
 uniform portion sizes (rs) centre-specific portion sizes (rs) 
bread, cereals and spreads   
whole grain bread 0.51c 0.68c 
rye-/multigrain bread 0.64c 0.76c 
white-/wheat bread 0.49c 0.58c 
muesli/cereals 0.58c 0.61c 
marmalade/jam/jelly/honey 0.72c 0.76c 
milk, yoghurt and cheese   
milk  0.64c 0.67c 
plain yoghurt 0.59c 0.68c 
flavoured yoghurt  0.74b 0.77c 
cream cheese 0.22b 0.74c 
soft cheese  0.25b 0.34c 
semi-soft/firm cheese 0.44c 0.61c 
fruit , vegetables and seeds   
apple/pear 0.76c 0.76c 
orange/mandarin orange/kiwi 0.64c 0.68c 
banana 0.55c 0.59c 
dried fruit 0.67c 0.71c 
nuts 0.60c 0.56c 
carrots 0.39c 0.65c 
tomatoes 0.39c 0.56c 
lettuce/endivie/chicory/cabbadge  0.45c 0.42c 
 1European Food Propensity Questionnaire (EFPQ) 

2Multiple Source Method (MSM); the usual intake estimation included as covariates frequency of consumption, 
gender and centre using the MSM 
significance level: a: p<0.05, b: p<0.01, c: p<0.001 
rs: Spearman rank correlation coefficient 
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Table 3-8: continued. 

 EFPQ1 versus MSM2 
 uniform portion size (rs) centre-specific portion size (rs) 
fruits , vegetables and seeds   
cucumber 0.60c 0.67c 
white 
cabbage/cauliflower/broccoli 

0.42c 0.54c 

tomato sauce 0.32c 0.41c 
legumes 0.51c 0.69c 
lentil-/pea-/bean soup 0.55c 0.62c 
potatoes, rice, pasta and eggs   
potatoes 0.56c 0.73c 
pan-fried potatoes/French fries 0.56c 0.73c 
rice 0.43c 0.69c 
pasta 0.66c 0.83c 
egg 0.41c 0.48c 
cakes and sweets   
ice cream/pudding 0.39c 0.45c 
tart/pie 0.46c 0.73c 
yeast cake/pastry 0.39c 0.48c 
sponge cake 0.43c 0.47c 
cake without filling 0.51c 0.66c 
whipped cream  0.66c 0.69c 
cookies/biscuits 0.56c 0.60c 
chocolate/chocolate candy  0.44b 0.51c 
sweets/candy 0.14b 0.56c 
meat, -products and fish   
liverwurst/liver paté  0.43c 0.51c 
dry sausage 0.43c 0.54c 
jagdwurst/bologna, 
mortadella/ham 

0.46c 0.61c 

dry/cured meat  0.35c 0.50c 
meatballs/hamburger  0.36c 0.54c 
boiled sausage  0.76c 0.78c 
pork 0.46c 0.60c 
beef 0.40c 0.34c 
poultry 0.31c 0.48c 
fatty fish  0.45c 0.52c 
lean fish 0.02 0.25c 
shell fish  0.46c 0.72c 
non-alcoholic beverages   
mineral/tap water 0.59c 0.72c 
regular sodas 0.62c 0.58c 
100% fruit juice 0.58c 0.62c 
coffee and tea   
regular coffee black 0.65c 0.72c 
regular coffee with milk 0.61c 0.66c 
black/green tea 0.73c 0.74c 
fruit/herbal tea 0.80c 0.81c 
alcoholic beverages   
regular beer 0.69c 0.85c 
non-alcoholic beer 0.84c 0.85c 
white wine 0.59c 0.69c 
red wine 0.78c 0.81c 
sparkling wine/champagne 0.57c 0.83c 
spirits  0.71c 0.75c 

1European Food Propensity Questionnaire (EFPQ) 
2Multiple Source Method (MSM); the usual intake estimation included as covariates frequency of consumption, 
gender and centre using the MSM 
significance level: a: p<0.05, b: p<0.01, c: p<0.001 
Abbreviation rs: Spearman rank correlation coefficient 
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For the majority of food groups, correlations between the EFPQ with uniform portion sizes 

and the MSM were moderate (rs=0.40-0.69) (Table 3-9). Exceptions included meat and  

-products, egg and -products, fat, cakes, soups and the group miscellaneous with lower 

correlations ranging from 0.20 for the group miscellaneous to 0.39 for cakes. Similarly to 

the correlations at food item level, centre-specific portion sizes EFPQ correlations were 

stronger for 9 food groups excepting vegetables, legumes, dairy products, cereals and -

products, meat and -products and condiments and sauces. Vegetables and cereals had 

slightly lower correlations with the use of centre-specific portion sizes, whereas those for 

dairy products and meat and -products were remarkably lower than those obtained by 

uniform portion sizes.  

 

Across the centres this pattern between both portion sizes types was consistent only for 

dairy products with poorer correlation coefficients by the use of centre-specific portion 

sizes. Marked centre-differences in magnitude of positive correlations were apparent, 

most with lower statistical significance. Exceptions were poor and non-significant 

correlations for vegetables, meat and-products, fat and miscellaneous in the Southern 

European centres and for egg and -products in the Central European Centre.  

 

Comparing the two portion size types, stronger centre-specific portion-sizes EFPQ 

correlations were observed for 9 food groups in the centres of Southern Europe (including 

two, in whom no stronger correlations were observed in the pooled analysis; namely 

cereals and -products and condiments and sauces). Also, in the Northern European 

centres centre-specific portion-sizes EFPQ correlations were stronger for potatoes, fruits, 

sugar and confectionary, alcoholic beverages, condiments and sauces and the group 

miscellaneous. In contrast, in the Central European centre for all but two food groups the 

correlations were lower compared to those obtained with uniform portion sizes. Both 

portion size types correspond in yielding to significantly high correlations for alcoholic 

beverages in EPIC-Potsdam (0.79) and the Southern European centres (0.74). Overall, no 

consistent South-North gradient could be derived, but correlations of potatoes and dairy 

products in the Central and Northern European centres were stronger than in the centres 

of Southern Europe.  
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Table 3-9: Spearman rank correlation coefficients (rs) of food group intake estimated by the European Food Propensity Questionnaire (EFPQ) 
with fitted uniform and centre-specific portion sizes and the Multiple Source Method (MSM), IDAMES pilot study 2009 (n=241). 

 

 

EFPQ1 vs. MSM2 
 all  

(n=241) 
Southern European centres 

(n=92) 
Central European centre 

(n=55) 
Northern European centres 

(n=94) 
 uniform 

portion sizes 
centre-specific 
portion sizes 

uniform 
portion sizes 

centre-specific 
portion sizes 

uniform 
portion sizes 

centre-specific 
portion sizes 

uniform 
portion sizes 

centre-specific 
portion sizes 

 rs 
potatoes 0.61c 0.77c 0.31b 0.36b 0.58c 0.52c 0.58c 0.63c 
vegetables 0.52c 0.50c 0.16 0.09 0.42b 0.21 0.63c 0.62c 
legumes 0.68c 0.08 0.68c 0.70c 0.65c 0.45b 0.47c 0.21a 
fruits 0.65c 0.69c 0.49c 0.54c 0.63c 0.58c 0.49c 0.54c 
dairy products 0.54c 0.24b 0.46c 0.21a 0.56c 0.39b 0.58c 0.36b 
cereals and cereal 
products 

0.46c 0.44c 0.48c 0.73c 0.36b 0.30a 0.32b 0.28b 

meat and meat products 0.37c 0.23b 0.16 0.17 0.32a 0.34a 0.48c 0.38b 
fish, shellfish 0.44c 0.44c 0.51c 0.48c 0.48b 0.47b 0.26a 0.25a 
eggs and eggs products 0.29c 0.31c 0.37b 0.52c 0.13 0.14 0.30a 0.29b 
fat 0.34c 0.56c 0.20 0.10 0.27a 0.27a 0.47c 0.41c 
sugar and confectionary 0.47c 0.50c 0.52c 0.50c 0.45b 0.36b 0.42c 0.48c 
cakes 0.39c 0.44c 0.35c 0.45c 0.41b 0.42b 0.46c 0.44c 
non alcoholic beverages 0.42c 0.53c 0.47c 0.60c 0.47b 0.41b 0.32b 0.40c 
alcoholic beverages 0.66c 0.69c 0.74c 0.73c 0.79c 0.78c 0.45c 0.50c 
condiments and sauces 0.58c 0.54c 0.58c 0.67c 0.56c 0.38b 0.45c 0.62c 
soups  0.27c 0.37c 0.50c 0.31b 0.46b 0.37b 0.52c 0.32b 
miscellaneous 0.20b 0.39c 0.12 0.11 0.13 0.40b 0.19 0.67c 1European Food Propensity Questionnaire (EFPQ) 
2Multiple Source Method (MSM); the usual intake estimation included as covariates frequency of consumption, gender and centre using the MSM 
significance level: a: p<0.05, b: p<0.01, c: p<0.001 
Abbreviation: rs: Spearman rank correlation coefficient 
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3.6 Effect of portion sizes on ranking misclassifications 

The ability of the EFPQ, either with uniform and with centre-specific portion sizes types to 

classify individuals in the study population into the same quartiles of food group intake 

relative to the MSM was also examined (Table 3-10). On average, both the EFPQs 

classified more than 35% of the population into the same quartile as in the MSM-derived 

estimates. For the EFPQ with uniform portion sizes the overall proportion of correctly 

classified subjects was 39.7% (range from 30.3% for soups to 51.0% for legumes), 

whereas 36.7% with centre-specific portion sizes (range from 17.8% for legumes to 48.5% 

for fruits). Note, by the use of centre-specific portion sizes, classification into the same 

quartile was higher for potatoes, fruits, fish and shell fish, fat, sugar and confectionary, 

non-alcoholic and alcoholic beverages and soups. With respect to overall extreme 

misclassification the use of centre-specific portion sizes classified more subjects in the 

opposite quartile, on average 4.2%, whereas the application of uniform portion sizes 

misclassified 3.3%. Pronounced differences in extreme misclassification between the two 

portion size types were observed for legumes and dairy products.  

 

Moderate to good agreement (weighted kappa >0.40) between the EFPQ with both 

portion size types and the MSM was observed for potatoes, legumes, fruits and alcoholic 

beverages, though weighted kappa coefficients were somewhat higher with the use of 

centre-specific portion sizes, excepting legumes. Differences in acceptable agreement 

(weighted kappa 0.20-0.39) between the two portion sizes types were observed for dairy 

products, meat and -products and soups. For two of these food groups (dairy products 

and meat) the weighted kappa coefficients were higher with uniform portion sizes. 

 

The centre-specific cross-tabulation of the subjects allocated to quartiles of food group 

intake estimated by the EFPQ with both portion sizes types and the MSM showed that 

agreement differed dependent on food group and European region (Table 3-11). In the 

Southern European centres the EFPQ with centre-specific portion sizes tended to perform 

slightly better than the EFPQ with uniform portion sizes with regard to the proportion of 

correctly classified subjects as well as to extreme misclassification Overall, 37.6% of 

Southern European subjects were in the same quartile by the use of centre-specific 

portion sizes (ranging from 21.7% for vegetables to 46.7% for legumes and cereals, 

respectively), but 36.6% by the use of uniform portion sizes (ranging from 21.2% for fat 

consumption to 50.0% for alcoholic beverages). Percentages of overall misclassified 

subjects were 4.5% and 5.0%, respectively. By implementing centre-specific portion sizes 
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extreme misclassification was reduced or not affected, excepting the intake of vegetables, 

dairy products, meat and -products, fat and soups. 

 

In contrast, in the Northern and Central European centres the use of uniform portion sizes 

classified slightly more subjects correctly and extremely misclassified less, relative to the 

classification in the reference data. 38.5% and 39.8% of study participants of the centres 

in Northern and Central Europe were in the same quartile by the EFPQ with uniform 

portion sizes, respectively, but 37.6% and 37.2% by implementing the centre-specific 

portion size type. In EPIC-Potsdam as Central European Centre, percentages of overall 

extreme misclassification were 4.3% (uniform portion sizes) and 5.0% (centre-specific 

portion sizes). The highest overall misclassification by using centre-specific portion sizes 

was observed in the centres of Northern Europe (5.3%). Respective percentage with 

uniform portion sizes was 3.7%. 

 

Findings from the weighted kappa statistic showed that both portion size types correspond 

in an acceptable agreement (weighted kappa 0.20-0.39) for 7 food groups in the Southern 

European centres (e.g. potatoes, fruits, egg and -products) and in EPIC-Potsdam, 

respectively (e.g. dairy products, cereals and -products, fish) and 9 food groups in the 

centres of Northern Europe (e.g. fruits, dairy products, meat and -products). Good 

agreement (kappa coefficient >0.40) across all centres was only observed for alcoholic 

beverages. 
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Table 3-10: Agreement of quartiles for food group intakes estimated by the European Food Propensity Questionnaire (EFPQ) with fitted uniform 
and centre-specific portion sizes and the Multiple Source Method (MSM), IDAMES pilot study (n=241). 

1European Food Propensity Questionnaire (EFPQ) 
2Multiple Source Method (MSM); the usual intake estimation included as covariates frequency of consumption, gender and centre using the MSM 
¶quartiles could not be determined due an estimated intake by MSM of zero at the 25th and 75th percentile   
Abbreviation: CI: confidence interval 

 EFPQ1 versus MSM2  
 all (n=241) 
 uniform portion-sizes centre-specific portion sizes 
 Same 

quartile 
Opposite 
quartile 

Weighted 
Kappa 

95%-CI Same 
quartile 

Opposite 
quartile 

Weighted 
kappa 

95%-CI 

 % %   % %   
potatoes 41.5 1.7 0.41 0.33-0.49 48.1 0.8 0.52 0.45-0.59 
vegetables 40.2 2.9 0.34 0.26-0.43 39.0 3.7 0.32 0.23-0.41 
legumes 51.0 0.8 0.50 0.43-0.58 17.8 10.0 0.02 -0.07-0.11 
fruits 43.7 0.8 0.44 0.36-0.52 48.5 0.0 0.52 0.45-0.59 
dairy products 42.3 4.6 0.35 0.26-0.44 27.4 10.8 0.16 0.06-0.25 
cereals and -products 38.6 2.9 0.31 0.22-0.40 32.4 4.1 0.25 0.16-0.33 
meat and -products 36.9 6.6 0.24 0.14-0.33 32.8 7.1 0.16 0.07-0.25 
fish and shellfish 35.7 2.5 0.28 0.20-0.37 36.9 2.9 0.29 0.20-0.38 
egg and -products   0.22 0.13-0.26 29.5 5.4 0.16 0.01-0.25 
fat 34.4 5.0 0.21 0.12-0.30 41.1 2.5 0.36 0.27-0.44 
sugar and confectionary 38.2 2.9 0.32 0.23-0.41 41.1 4.1 0.37 0.28-0.45 
cakes 36.9 5.0 0.26 0.17-0.35 34.9 3.7 0.25 0.16-0.34 
non alcoholic beverages 36.1 4.1 0.27 0.18-0.36 42.3 3.3 0.36 0.28-0.45 
alcoholic beverages 39.0 2.1 0.44 0.36-0.51 47.7 1.7 0.49 0.42-0.57 
condiments and sauces 41.1 2.9 0.38 0.30-0.47 35.3 2.1 0.34 0.26-0.42 
soups  30.3 5.0 0.16 0.07-0.25 34.4 5.4 0.24 0.14-0.33 
miscellaneous¶ - - - - - - - - 
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Table 3-11: Agreement of quartiles for food group intakes estimated by the European Food Propensity Questionnaire (EFPQ) with fitted uniform 
and centre-specific portion sizes and the Multiple Source Method (MSM), by European region, IDAMES pilot study 2009. 

EFPQ1 vs. MSM2 

 Southern European centres (n=92) Central European centre (n=55) Northern European centres (n=94) 

 uniform portion 
sizes 

centre-specific 
portion sizes 

uniform portion 
sizes 

centre-specific 
portion sizes 

uniform portion 
sizes 

centre-specific 
portion sizes 

 Same 
quartile 

Opposite 
quartile 

Same 
quartile 

Opposite 
quartile 

Same 
quartile 

Opposite 
quartile 

Same 
quartile 

Opposite 
quartile 

Same 
quartile 

Opposite 
quartile 

Same 
quartile 

Opposite 
quartile 

 % 
potatoes 34.8‡ 4.3‡ 34.8‡ 2.2‡ 49.1† 0.0† 45.5† 0.0† 42.6‡ 1.1‡ 48.9† 1.9† 
vegetables 22.8 8.7 21.7 9.8 40.0‡ 5.5‡ 29.1 9.1 44.7† 2.1† 46.8† 2.1† 
legumes 53.3† 2.2† 46.7† 1.8† 38.2† 1.8† 38.2‡ 5.5‡ 36.7‡ 4.3‡ 31.9 7.4 
fruits 31.5‡ 3.3‡ 33.7‡ 3.3‡ 45.5† 1.8† 45.5† 1.8† 38.3‡ 3.2‡ 43.6‡ 3.2‡ 
dairy products 34.8‡ 8.7‡ 30.4 10.9 36.4‡ 3.6‡ 30.9‡ 5.5‡ 47.9‡ 3.2‡ 39.4‡ 6.4‡ 
cereals and -
products 

39.1‡ 4.3‡ 46.7† 0.0† 30.9‡ 3.6‡ 36.4‡ 7.3‡ 34.0‡ 3.2‡ 26.6 8.5 

meat and -
products 

27.2 8.7 37.0 9.8 32.7 3.6 25.5 3.6 39.4‡ 3.2‡ 38.3‡ 6.4‡ 

fish, shellfish 35.9‡ 3.3‡ 34.8‡ 1.1‡ 40.0‡ 3.6‡ 36.4‡ 3.6‡ 28.7 4.3 35.1 6.4 
egg and -
products 

38.0‡ 7.6‡ 41.3‡ 3.3‡ 36.4 12.7 29.1 9.1 33.0 5.3 31.9 7.4 

fat 21.2 7.6 22.8 8.7 32.7‡ 5.5‡ 36.4 9.1 44.7‡ 2.1‡ 38.3‡ 3.2‡ 
sugar and 
confectionary 

47.8‡ 4.3‡ 41.3‡ 4.3‡ 43.6‡ 10.9‡ 38.2‡ 7.3‡ 39.4‡ 5.3‡ 39.4‡ 5.3‡ 

cakes 30.4‡ 6.5‡ 38.0‡ 5.4‡ 40.0‡ 3.6‡ 40.0‡ 3.6‡ 42.6‡ 4.3‡ 41.5‡ 5.3‡ 
non alcoholic 
beverages 

44.6† 2.2† 43.5† 2.2† 32.7‡ 3.6‡ 36.4‡ 3.3‡ 34.0‡ 5.3‡ 33.0‡ 4.3‡ 

alcoholic 
beverages 

50.0† 0.0† 44.6† 0.0† 60.0† 0.0† 58.2† 0.0† 39.4† 6.4† 38.3† 6.4† 

condiments and 
sauces 

42.4† 2.2† 45.7† 2.2† 47.3† 1.8† 40.0‡ 1.8‡ 37.2‡ 2.1‡ 38.3‡ 2.1‡ 

soups  31.5‡ 5.4 38.0‡ 6.5‡ 30.9‡ 7.3‡ 29.1‡ 9.1‡ 33.0‡ 4.3‡ 29.8 8.5 
miscellaneous¶ - - - - - - - - - - - - 
Data are percent 
1European Food Propensity Questionnaire (EFPQ) 
2Multiple Source Method (MSM); the usual intake estimation included as covariates frequency of consumption, gender and centre using the MSM 
†Weighted kappa = > 0.40; ‡Weighted kappa = 0.20-0.39; ¶ quartiles could not be determined due an estimated intake by MSM of zero at the 25th and 75th percentile   
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The issue, how summation questions and the additions of extra-amounts of dietary items 

not captured by the EFPQ affect the performance of the EFPQ was also explored. Best-

possible corrected food item and group intakes were compared to the MSM estimates by 

repeating the non-parametric statistics with both portion size types. Overall, findings 

showed no better approximations to the MSM estimates by using the corrected EFPQ 

data with both portion size types, which had been primary expected in the analyses at 

food group level. Rather, for almost all food items from the groups of fruits and 

vegetables, meat and -products, cakes, cookies and sweets the EFPQ with both portion 

sizes types significantly overestimated intake, relative to the MSM (see appendix Table A-

8). Also, ranking appeared to be worse for many food items of these groups (Table 3-12), 

compared to those obtained with the uncorrected EFPQ-instrument. 

Table 3-12: Spearman rank correlation coefficients (rs) of corrected food item intake 
estimated by the European Food Propensity Questionnaire (EFPQ) with fitted uniform and 
centre-specific portion sizes and the Multiple Source Method (MSM), IDAMES pilot study 
2009 (n=241).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 EFPQ1 versus MSM2 
 uniform portion sizes 

(rs) 
centre-specific portion 

sizes (rs) 
milk, yoghurt and cheese   
cream cheese 0.22b 0.74c 
soft cheese  0.25b 0.34c 
semi-soft/firm cheese 0.42c 0.61c 
fruit , vegetables and seeds   
apple/pear 0.37c 0.39c 
orange/mandarin orange/kiwi 0.60c 0.64c 
banana 0.49c 0.52c 
carrots 0.39c 0.67c 
tomatoes 0.21c 0.42c 
lettuce/endivie/chicory/cabbadge  0.21 0.18c 
cucumber 0.53c 0.60c 
white 
cabbage/cauliflower/broccoli 

0.39c 0.51c 

tomato sauce 0.32c 0.41c 
legumes 0.51c 0.69c 
lentil-/pea-/bean soup 0.55c 0.62c 
meat, -products and fish   
liverwurst/liver paté  0.19b 0.03 
dry sausage 0.45c 0.51c 
jagdwurst/bologna, 
mortadella/ham 

0.44c 0.50c 

dry/cured meat  0.27c 0.41c 
meatballs/hamburger  0.30c 0.42c 
boiled sausage  0.76c 0.76c 
pork 0.41c 0.51c 

beef 0.19b 0.15b 
poultry 0.23b 0.29c 
fatty fish  0.45c 0.52c 
lean fish 0.02 0.25c 
shell fish  0.46c 0.72c 

1European Food Propensity Questionnaire (EFPQ) 
2Multiple Source Method (MSM); the usual intake estimation included as covariates frequency of 
consumption, gender and centre using the MSM 
significance level: a: p<0.05, b: p<0.01, c: p<0.001 
Abbreviation: rs: Spearman rank correlation coefficient 
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3.7 Relationship of the EFPQ to repeated 24-HDRs with regard to 

occasionally and infrequently consumed foods 

The performance of the EFPQ to provide supplementary information to repeated 24-HDRs 

was examined with regard to occasionally and infrequently consumed foods, considered 

to have less than 40% and 10% of subjects having reported positive amounts on the 24-

HDRs, respectively. This was done by assessing whether or not increasing EFFQ-

reported frequency of a food item was associated with 24-HDR-probability of consumption 

on a random day as well as with the ranked average amount consumed on a 24-HDR-

consumption-day. Because these information are derived from the MSM, analyses were 

performed taking into account 98 foods and beverages. Currants/berries, grapes, fresh 

fruit salad, swede/yellow turnip, mixed vegetables, lasagne/ravioli/tortellini, 

pancakes/crêpes, tofu, liver, ketchup, fried sausage, stark beer, mixed beverages and 

decaffeinated coffee as well as garlic and onions could not be considered.  

 

In total, 74 out of the 98 food items included in the analysis (76%) were found to be 

occasionally and infrequently consumed on the 24-HDRs (Table 3.13). Many of these 

items were vegetables, specific dairy and meat products and cakes and sweets. Also, 

alcoholic beverages were not consumed so frequently. The lowest percentages of 

consumers were observed for seeds (1%), followed by sauerkraut/surkaal (2%) and blood 

sausage/black pudding (3%). Specifically, there were 55 occasionally consumed food 

items (56%) ranging from crisp-bread (wholegrain), watermelon/melon, raw pepper, 

green/French beans, stewed/canned fruit, whipped cream and fish preparations (10% of 

consumers, respectively) to cookies/biscuits and beef (37%, respectively). In addition, 19 

out of the 98 food items (19%) were infrequently consumed ranging from seeds (1%) to 

sweets/candy and fruit mixtures and nectars (9%, respectively). 
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Table 3-13: Occasionally and infrequently consumed food items on the 24-hour dietary 
recalls (24-HDRs) and respective consumer proportions (%), IDAMES pilot study 2009 
(n=241). 

% consumer of occasionally2 and infrequently3 consumed food items of the 24-HDRs1 
(n=241) 

bread and cereals  potatoes, rice, pasta and eggs  
whole grain bread 30 rice 23 
muesli/cereals 15 pan-fried potatoes/French fries 20 
crisp-bread, white 15 other grains 10 
crisp-bread, wholegrain 10 mixed dishes  
hot cereals/porridge 7 ice cream/pudding 36 
spreads  pizza 11 
butter on bread 34 cakes and sweets  
regular margarine on bread 16 sponge cake 21 
olive oil on bread 8 cake without filling 20 
milk, yoghurt and cheese  tart/pie 13 
flavoured yoghurt  29 yeast cake 12 
soft cheese 22 whipped cream  10 
whey cheese 18 cookies/biscuits 37 
plain yoghurt 14 chocolate/chocolate candy  23 
cream cheese 11 sweets/candy 9 
sour milk/kefir 11 meat, -products and fish  
mozzarella/mascarpone/feta 8 beef 37 
plain curd/quark 8 dry sausage 30 
fruit milk/chocolate milk 7 boiled sausage  28 
fruit, vegetables and seeds  jagdwurst/bologna/mortadella/ham 24 
banana 29 meatballs/hamburger 20 
cucumber 25 lean fish 18 
plum/peach/nectarine 24 shell fish 15 
nuts 20 liverwurst, liver paté 14 
carrots 18 fish preparations 10 
tomato sauce 18 venison 5 
cabbage/cauliflower/broccoli 16 blood sausage 3 
asparagus 15 non-alcoholic beverages  
strawberries 14 fruit/herbal tea 30 
squash/zucchini/egg plant 12 regular sodas 19 
legumes 12 black tea/green tea 13 
lentil-/pea-/bean soup 12 fruit mixtures and nectars 9 
melon 10 light sodas 6 
raw pepper 10 vegetable juice 5 
green/French beans 10 non-alcoholic beer 5 
stewed/canned fruit 10 alcoholic beverages  
cherries 7 regular beer 27 
spinach/chard 7 white wine 15 
dried fruit 6 spirits 11 
sauerkraut/surkaal 2 sparkling wine/champagne 7 
seeds 1 liquor/aperitif 7 
124-hour dietary recall (24-HDR) 
2occasionally consumed food items were defined to have less than 40% of subjects having reported positive 
amounts on the 24-HDRs 
3infrequently consumed food items were defined to have less than 10% of subjects having reported positive 
amounts on the 24-HDRs 
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For 27 out of the 74 occasionally and infrequently consumed food items on the 24-HDRs 

(37%), there were significant positive relationships between the reported frequency-

category on the EFPQ and the 24-HDR-probability of consumption on a random day 

indicating that study participants, who reported high daily frequencies of consumption 

tended to have, as a group, an increased 24-HDR-probability of consumption on a random 

day (Table 3-14). For most of these food items the coefficients of determination (R²) of the 

simple regression models between EFPQ frequency-category and 24-HDR-probability of 

consumption were >=0.75 ranging from liverwurst/liver paté (R² 0.75) to tart/pie and 

vegetable juice (R² 0.98, respectively). Exceptions were plain yoghurt, strawberries, 

jagdwurst/bologna/mortadella/ham, lean fish and fruit/herbal tea with lower R²-values. 

 

Furthermore, food items, for which the relationship between EFPQ frequency-category 

and 24-HDR-probability of consumption tended to be positive, but non-significant included 

fruit milk/chocolate milk, asparagus, cucumber, green/French beans, squash/zucchini/egg 

plant, lentil-/pea-/bean soup, cherries, pan-fried potatoes/French fries (n=8). Moreover, for 

several food items all frequency-categories, but the highest, appeared to be positively 

related to the 24-HDR-probability of consumption. This observation was remarkably for 15 

food items, e.g. other grains, banana, pizza, beef, blood sausage/black pudding, sparkling 

wine/champagne and regular beer. Significant negative associations were apparent for 

cake without filling and sweets and candy indicating that subjects who reported a high 

frequency of consumption for theses items had lower 24-HDR-probabilities of 

consumption on a random day. 

 

The relationships for beef and beer are graphically displayed in Figures 3-2 and 3-3. 

Additionally, whole grain bread, soft cheese, nuts, chocolate/chocolate candy, lean fish, 

and white wine were selected as example food items for the graphical data presentation. 

Because of the broad range of both frequency of consumption and the probability of 

consumption on a random day the scales on the graphs were different for each food item. 

The percentages of consumers on the EFPQ and on the 24-HDRs as well as the number 

of subjects in each frequency-of-consumption-category are displayed, too. For all items, 

percentages of consumers on the EFPQ were markedly greater than those on the 24-

HDRs. Furthermore, there was a monotone increasing relationship between EFPQ 

frequency-category and the probability of consumption for whole grain bread and nuts, 

whereas for chocolate/chocolate candy and lean fish significant non-monotonic 

associations were observed. For white wine, there was no clear relationship between the 

frequency-category and the 24-HDR-probability of consumption. 
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Table 3-14: Relationship between EFPQ frequency of consumption and 24-hour dietary 
recall (24-HDR)-probability of consumption of occasionally and infrequently consumed food 
items on the 24-HDRs, IDAMES pilot study 2009 (n=241). 

EFPQ1-frequency of consumption versus 24-HDR2-probability3 (n=241) 
 R² p-

value 
 R² p-

value 
bread and cereals   potatoes rice, pasta and eggs   
whole grain bread† 0.98 0.001 pan-fried potatoes/French fries 0.71 0.057 
muesli/cereals† 0.91 0.001 rice† 0.80 0.039 
crisp-bread, white 0.13 0.002 other grains <0.01 0.972 
crisp-bread, wholegrain 0.07 0.021 mixed dishes   
hot cereals/porridge 0.28 0.217 ice cream/pudding 0.05 0.681 
spreads   pizza 0.01 0.863 
butter on bread 0.07 0.079 cakes and sweets   
regular margarine on bread 0.14 0.070 sponge cake <0.01 0.875 
olive oil on bread† 0.79 0.044 cake without filling 0.87 0.020 
milk, yoghurt and cheese   tart/pie† 0.98 0.002 
flavoured yoghurt†  0.96 <0.001 yeast cake† 0.95 0.001 
soft cheese <0.01 0.926 whipped cream  0.65 0.098 
whey cheese 0.13 0.424 cookies/biscuits† 0.89 0.004 
plain yoghurt† 0.65 0.028 chocolate/chocolate candy† 0.82 0.005 
cream cheese 0.54 0.059 sweets/candy 0.66 0.027 
sour milk/kefir 0.28 0.218 meat, -products and fish   
mozzarella/mascarpone/feta 0.07 0.678 beef 0.59 0.130 
plain curd/quark† 0.83 0.004 dry sausage 0.03 0.670 
fruit milk/chocolate milk 0.40 0.125 boiled sausage†  0.83 0.037 
fruit, vegetables and seeds   jagdwurst/bologna/mortadella/ham† 0.65 0.027 
banana <0.01 0.972 meatballs/hamburger† 0.89 0.016 
cucumber 0.51 0.073 lean fish† 0.48 0.003 
plum/peach/nectarine 0.18 0.302 shell fish 0.25 0.389 
nuts† 0.97 <0.001 liverwurst/liver paté† 0.75 0.003 
carrots† 0.95 0.001 fish preparations† 0.85 0.025 
tomato sauce† 0.93 0.008 venison 0.40 0.364 
cabbage/cauliflower/broccoli 0.13 0.556 blood sausage 0.04 0.709 
asparagus 0.71 0.074 non-alcoholic beverages   
strawberries† 0.64 0.017 fruit/herbal tea† 0.66 0.003 
squash/zucchini/egg plant 0.74 0.062 regular sodas <0.01 0.863 
legumes 0.43 0.233 black tea/green tea† 0.44 0.004 
lentil-/pea-/bean soup 0.46 0.207 fruit mixtures <0.01 0.837 
melon 0.06 0.557 light sodas 0.06 0.523 
raw pepper 0.21 0.304 vegetable juice† 0.98 0.001 
green beans 0.41 0.241 non-alcoholic beer† 0.85 0.008 
stewed/canned fruit† 0.89 0.016 alcoholic beverages   
cherries 0.41 0.119 regular beer 0.30 0.161 
spincach/chard 0.04 0.736 white wine 0.31 0.150 
dried fruit 0.15 0.447 spirits 0.028 0.692 
sauerkraut, surkaal† 0.80 0.039 sparkling wine/champagne <0.01 0.859 
seeds 0.07 0.622 liquor, aperitif 0.26 0.241 

1European Food Propensity Questionnaire (EFPQ) 
224-hour dietary recall (24-HDR) 
324-HDR-probability was derived from the Multiple Source Method (MSM), including gender and pilot study 
centre as covariates.   
significance level: p<0.05 
†significant positive relationship 
‡significant negative relationship 
Abbreviation: R²: coefficient of determination 



3 Results 

 61

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3-2: European Food Propensity Questionnaire (EFPQ)-frequency of consumption versus 24-hour dietary recall (24-HDR)-probability of 
consumption of whole grain bread, soft cheese, nuts and chocolate/chocolate candy, IDAMES pilot study 2009 (n=241). 
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Figure 3-3: European Food Propensity Questionnaire (EFPQ)-frequency of consumption versus 24-hour dietary recall (24-HDR)-probability of 
consumption of beef, lean fish, regular beer and white wine, IDAMES pilot study 2009 (n=241). 
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The relationship between the reported frequency-categories and the ranked average 

amount consumed on a 24-HDR-consumption day were evaluated using Spearman rank 

correlations. For 32 out of the 74 occasionally and infrequently consumed food items 

Spearman rank correlations were positive and significant (p<0.05) (43%) (Table 3-15). 

Respective correlation coefficients (rs) were high (rs >= 0.75). In addition, there were 13 

food items with perfect highly significant positive correlation between the frequency and 

amount including whole-grain bread, flavoured yoghurt, soft cheese, tomato sauce, 

cabbage/cauliflower/broccoli, zucchini/squash/egg plant, lentil-/pea-/bean soup, green 

beans, cookies/biscuits, beef and non-alcoholic beer. 

 

Positive but non-significant Spearman rank correlations were observed for 27 items 

ranging from 0.10 for spinach/chard to 0.80 for asparagus and indicate that for many food 

items the frequency-category tended to be positively related to the average amount. No 

correlations were apparent for mozzarella/mascarpone/feta, other grains, sponge cake 

and meatballs/hamburger. 

 

Figures 3-4 and 3-5 illustrate the relationships between EFPQ frequency of consumption 

and average amount on a 24-HDR-consumption day for the selected food items. Similarly 

as previously described, the scales on the graphs differed for each food item, because of 

the broad range of the frequency of consumption as well as of the ranked amount. For 

most items describing foods, the relationships between frequency and amount were 

significantly positive, except for lean fish. Interestingly, subjects who reported the highest 

frequency category for the consumption of nuts and of lean fish did not consume the 

highest average amount. By contrast, for beer all frequency of consumption categories 

were positively related to the mean amount, but not the two highest. For white wine, there 

was no clear relationship between the frequency-category and the mean amount on a 24-

HDR-consumption day. 
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Table 3-15: Relationship between EFPQ frequency of consumption and mean amount on a 
24-hour dietary recall (24-HDR)-consumption day of occasionally and infrequently 
consumed food items on the 24-HDRs, IDAMES pilot study (n=241).  

Spearman rank correlation coefficients between EFPQ1-frequency of consumption and the mean 
amount on a 24-HDR2-consumption day3 (n=241) 

 rs p-
value 

 rs p-
value 

bread and cereals   potatoes rice, pasta   
whole grain bread 1.00 <0.001 pan-fried potatoes/French fries 0.60 0.284 
muesli/cereals 0.93 0.003 rice 0.90 0.037 
crisp-bread, white 0.01 0.947 other grains - - 
crisp-bread, wholegrain 0.27 0.022 mixed dishes   
hot cereals/porridge 0.93 0.003 ice cream/pudding 0.14 0.787 
spreads   pizza 0.00 1.000 
butter on bread 0.27 0.066 cakes and sweets   
regular margarine on bread -0.38 0.066 sponge cake - - 
olive oil on bread 0.90 0.037 cake without filling 0.90 0.037 
milk, yoghurt and cheese   tart/pie 0.94 0.005 
flavoured yoghurt  1.00 <0.001 yeast cake 0.94 0.005 
soft cheese 1.00 <0.001 whipped cream  0.56 0.322 
whey cheese -0.21 0.644 cookies/biscuits 1.00 <0.001 
plain yoghurt 0.89 0.007 chocolate/chocolate candy  0.96 0.001 
cream cheese -0.29 0.535 sweets/candy -0.67 0.102 
sour milk/kefir 0.52 0.229 meat, -products and fish   
mozzarella/mascarpone/feta - - beef 1.00 <0.001 
plain curd/quark 0.96 0.001 dry sausage -0.21 0.645 
fruit milk/chocolate milk 0.86 0.014 boiled sausage  1.00 <0.001 
fruit, vegetables and seeds   jagdwurst/bologna/mortadella 0.86 0.013 
banana 0.31 0.456 meatballs/hamburger - - 
cucumber 0.71 0.071 lean fish 0.40 0.500 
plum/peach/nectarine 0.17 0.693 shell fish -0.10 0.873 
nuts 0.93 0.003 liverwurst, liver paté 0.86 0.014 
carrots 0.82 0.023 fish preparations -0.10 0.873 
tomato sauce 1.00 <0.001 venison -0.40 0.600 
cabbage/cauliflower/broccoli 1.00 <0.001 blood sausage 0.23 0.658 
asparagus 0.80 0.104 non-alcoholic beverages   
strawberries 0.21 0.610 fruit/herbal tea 0.90 <0.001 
squash/zucchini/egg plant 1.00 <0.001 regular sodas -0.08 0.847 
legumes 0.70 0.188 black tea/green tea 0.76 0.001 
lentil-/pea-, bean soup 1.00 <0.001 fruit mixtures 0.31 0.456 
melon -0.05 0.911 light sodas 0.39 0.295 
raw pepper 0.21 0.645 vegetable juice 0.70 0.188 
green beans 1.00 <0.001 non-alcoholic beer 1.00 <0.001 
stewed/canned fruit 0.90 0.037 alcoholic beverages   
cherries 0.75 0.052 regular beer 0.83 0.102 
spincach/chard 0.10 0.870 white wine 0.43 0.289 
dried fruit -0.03 0.957 spirits 0.26 0.531 
sauerkraut/surkaal 0.56 0.322 sparkling wine/champagne 0.05 0.908 
seeds 0.27 0.600 liquor, aperitif -0.70 0.077 

1European Food Propensity Questionnaire (EFPQ) 
224-hour dietary recall (24-HDR) 
3 mean amount on a 24-HDR-consumption day was derived from the Multiple Source Method (MSM), including 
gender and pilot study centre as covariates.  
significance level: p<0.05, 
Abbreviation: rs: Spearman rank correlation coefficient 
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Figure 3-4: European Food Propensity Questionnaire (EFPQ)-frequency of consumption versus mean amount consumed on a 24-hour dietary 
recall (24-HDR) of whole grain bread, soft cheese, nuts and chocolate/chocolate candy, IDAMES pilot study 2009 (n=241). 
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Figure 3-5: European Food Propensity Questionnaire (EFPQ)-frequency of consumption versus mean amount consumed on a 24-hour dietary 
recall (24-HDR) of beef, lean fish, regular beer, IDAMES pilot study 2009 (n=241).  
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4 Discussion 

The present study showed a reasonable feasibility to use the self-administered 

standardized European Food Propensity Questionnaire (EFPQ) within the diverse 

European sample of the multi-centre IDAMES pilot study. Completion rates for the Web-

EFPQ varied among the study centres with the highest in Estonia and Norway and the 

lowest in Spain and Germany. The standardized food list of the EFPQ appeared to be 

appropriate to capture many usually eaten foods in the targeted diverse European study 

sample. Determining fitted portion sizes by the means of statistical modelling appeared to 

be a suitable approach for the non-quantitative EFPQ, but a differential effect of the fitted 

portion sizes types on food intakes, correlations and misclassification by food group and 

European region was found, relative to the reference data. Using frequency of 

consumption data of the EFPQ as covariate to supplement the MSM appeared to enhance 

the identification of habitual consumers and to be useful for the usual intake estimations of 

many less commonly eaten foods. In this chapter the EFPQ applied and the main results 

of the analyses will be discussed in the context of the analytical approaches undertaken 

and potential implications for future research. Additionally, the strengths and limitations of 

the study will be reconsidered.  

4.1 Design characteristics of the EFPQ and their feasibility of use in a 

European context 

The EFPQ has been developed for self-administration to a variety of study participants 

living in the five European countries: Estonia, Germany, Italy, Norway and Spain. To the 

best of the author’s knowledge this is the first study examining the acceptance of a web-

based dietary questionnaire relative to a similar printed version in a multi-centre 

prospective study context. Of the 261 participants enrolled in the pilot study, 143 

participants completed the Web-EFPQ (55%) and 118 completed the Paper-EFPQ (45%) 

showing the importance to offer subjects both administrations to avoid selection bias. 

 

Marked differences between the pilot study centres in terms of questionnaire preference 

were apparent. The primary difference was that participants from EPIC-San Sebastian 

and EPIC-Potsdam were more likely to be Paper-EFPQ-users than participants from 

Northern European centres. Official statistics on internet penetration among European 

countries could help to explain this observation. In 2009 internet access in households 

was estimated to vary substantially between European countries with an average of 65%, 

reflecting a relative high access in Northern and Central countries (e.g. Norway: 86%, 
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Estonia: 63% and Germany: 79%), but modest access in the South (e.g. Spain: 54% and 

Italy: 47%) [51]. The present response rates for the Web-EFPQ in EPIC-San Sebastian, 

EGC and NOWAC may therefore partly reflect the country-specific situations regarding 

internet penetration, but not for Germany and Italy. Similarly, a population-based study in 

Sweden - a country in which internet access is estimated to be about 80% - reported a 

lower response rate for a web-based questionnaire with optional questions about dietary 

habits than for the corresponding paper- and pencil version [17]. Thus, further factors 

should be considered that may influence the response to online-questionnaires, beyond 

the availability of an internet access.  

 

Unlike the Swedish study that did not identify differences in response rates by age [15] the 

present findings demonstrated that in all pilot study centres Web-EFPQ-users were 

younger than those who selected to complete the Paper-EFPQ. Age is also likely to 

contribute to between-centre differences in selecting the Web-EFPQ, since study 

participants from the EPIC-cohorts were on average older than subjects participating in 

NOWAC and EGC. In addition, Web-Users in all study centers included higher-educated 

subjects, who may have more computer and internet experiences and/or more interest in 

the technology in responding. The results from non-dietary studies in middle-aged or 

elderly study populations have been interpreted to suggest that those, who completed 

web-based questionnaires have certain characteristics (e.g. younger, higher educated, 

white, familiar with using the internet) [52, 53]. It therefore poses a major challenge to 

develop and apply easy-to-use and understandable technically advanced tools, tailored to 

the population under study in order to reduce selection bias [13]. This would be especially 

important for cohorts investigating the relationships between diet and chronic diseases 

with necessarily older study participants. Interestingly, findings from one study indicated 

that perception in using self-administered internet dietary assessment tools in older 

women increases over time [19]. 

 

So far, data in nutritional epidemiology is limited, about which administration mode is more 

reproducible or valid with respect to estimate dietary intake. Findings from the few 

validation studies that were published since 2002 and compared web- and paper-based 

questionnaires using 24-HDRs or food records as reference data noted few differences 

between the two administration modes [18,19]. The present study did not explore this 

issue and simply assessed the response rate and practical feasibility of the administration 

modes of the EFPQ. More research in this area is necessary. 
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Overall, the self-administered Web-EFPQ had the advantage of being able to obtain 

complete information in a geographically dispersed European study population without 

questions being skipped, in a reasonable amount of time and good compatibility with 

different screen configurations, operating systems and browsers. In addition, the 

organisational constraints and costs in performing a multi-centre study appeared to be 

reduced due to the direct and secure electronic data transfer to the central database, 

automatic control for missing and implausible data and facilitated self-management of the 

local dietary assessment, in line to findings from other research [15]. However, the results 

of the evaluation questionnaire with respect to the clarity of the questions and the 

elements of visual appearance were moderate. The Web-EFPQ could improve in this area 

in order to be more easily and equally answered by the culturally diverse groups of this 

study. Also, they emphasize on the cognitively complex completion process, inherent in 

the Food frequency methodology and apparently independent from the mode of 

administration. However, web-based FFQs may have a greater potential to overcome 

some of the completion difficulties that have been reported by cognitive research in paper-

based FFQs [54-56]. Implementing digital pictures, for example, may improve the food 

identification or certain technical functionalities could facilitate the skipping to tailored 

questions at individual level or certain features could give explanations, how to answer 

questions. Investing resources to improve the completion of FFQs seems particularly 

important in culturally diverse population, as reported by Matt et al. (2006). The 

researchers modified a paper-based FFQ by adding a food glossary and replacing 

unfamiliar terms in the Spanish-language version and observed that the increased 

comprehensibility improved the dietary data quality in the multicultural study population 

[57]. 

 

Another topic of interest was the appropriateness of the food list that is crucial in the food 

frequency method [58]. The purpose of the analyses presented here was to evaluate, 

whether the standardized food list of the EFPQ would be feasible to capture usually eaten 

foods in the targeted diverse European study sample. Furthermore, it should feature 

enough, but not too much food items, since long lists are less time and cost efficient (a 

least for paper-based FFQs) and may affect response rate and data quality [59].  

 

Including 116 items the food list of the EFPQ is of shorter questionnaire length compared 

to most other comprehensive FFQs that have been used among adults in other 

multicultural studies (e.g. ranging from 120 food items in the Multi-Ethnic Study of 

Atherosclerosis [60] to 283 food items in the African-American population from the 
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Jackson Heart study [61]. The present findings suggest that this number of foods was 

reasonably feasible to identify many commonly eaten foods in the diverse population of 

the IDAMES pilot study. 61% of the dietary items reported on the 24-HDRs have been 

captured by the EFPQ. Although these results imply that further commonly consumed 

foods might have been missed, they indicate an acceptable coverage of the diverse usual 

dietary habits by the EFPQ. For 67% of the included food items, the consumer proportion 

was more than 65% and 27 food items were identified to be consumed from 90% of all 

study participants. Moreover, differences in consumer proportion for these commonly 

consumed foods across the centres were small. 

 

As described by Willet, the fact that a food is regularly consumed in the population under 

study is one of the three general characteristics that define whether a given food is 

informative or not [11]. In addition, informative foods should contribute substantially to the 

absolute nutrient(s) intake of interest or/and be able to capture the between-persons 

variation of intake.  

 

There are several different approaches available to select those foods that basically fulfil 

all criteria mentioned above. Simple procedures identify food items with a high nutrient 

content from published food composition tables and exclude subsequently those foods 

that are less often used in the targeted study population. This selection procedure, 

however, is less suitable for the development of multicultural FFQs, because the use of 

many foods might differ substantially across the culturally different groups, as also 

demonstrated in the present study. Hence, data-driven approaches were more often used 

to construct the food list of multicultural FFQs [29, 62, 63]. These data-driven approaches 

are based on open-ended food intake data (e.g. obtained by multiple 24-HDRs) and select 

foods on the basis of their percentage contribution to nutrient intake and/or of their ability 

to explain the most between-person variances, using e.g. multiple regression. 

 

For example, in the MEC-cohort Stram et al. (2000) compiled the food list for the 

multicultural FFQ using dietary data that was obtained by 3-day-weighted food records in 

60 men and women from each of the five principal ethnic groups (i.e. Caucasian, African-

American, Native Hawaiian, Japanese-American and Latinos) [29]. Foods were listed 

according to their percent contribution to selected nutrients of interest (e.g. fat, dietary 

fibre, vitamin A, carotenoids, and vitamin C). Subsequently, the set of foods contributing at 

least 85% of the nutrient intake of any ethnic group were selected. Additionally, further 

foods of relevance in the ethnic diets were included, irrespective from their contribution to 
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the level of nutrient intake. In line with other research the scientists recommend data-

driven approaches, if the purpose of given multicultural FFQ is to rank individuals 

according to their intake [62].  

 

In the design of the IDAMES project, however, it was neither feasible nor possible to 

include one of these selection procedures in the food list development of the EFPQ due to 

staff resources and data set availabilities (i.e. common nutrient database). It is very likely 

that these procedures would have resulted in a different food list. Nonetheless, consistent 

with the results from the few studies using simple procedures of adding commonly and 

deleting infrequently consumed foods in multicultural study populations, the findings of this 

study lend support for the utility of the selected approach as starting point [60, 64, 65].  

 

There is some suggestion that the standardized food list was adequate for identifying 

informative foods in the targeted diverse European sample. Some similarities to other 

investigations in the European context could be derived, though not directly comparable 

because of the different analytical methods and underlying study population. Kroeger et 

al. (2009) explored the role of food groups for nutrient variance presenting data from the 

EPIC-calibration study and used the recently proposed reduced rank regression (RRR) 

method [66] to define linear combinations of food groups that best explain the variance in 

nutrient intake (i.e. a RRR-factor) [43]. Bread, red meat, vegetables oils, milk, cheese, 

potatoes, processed meat and margarine have been identified as food groups that 

contributed to the most informative RRR-factor in the majority of the 10 European 

countries. Similarly in this study, white bread, beef and pork, semi-soft and firm cheese, 

potatoes and several items of processed meat were commonly eaten food items across 

the pilot study centres; on average from more than 80% of the centre-specific populations, 

respectively. In addition, the resulting food groups that mostly characterized the second 

and third RRR-factor included fruits, fruiting and root vegetables and eggs. Similarly, 

many of the commonly consumed food items on the EFPQ were in the groups of fruits and 

vegetables; also egg and egg products were almost consumed from all participants in this 

study. It is important to keep in mind that the dietary pattern research from Kroeger et al. 

(2009) was based on a single 24-HDR that has very limited ability to capture information 

of foods having large day-to-day-variability, but make up usual diets. In fact, in the present 

study, lean and fatty fish as well as chocolate/chocolate candy, tart/pie and 

cookies/biscuits were observed to be usually consumed in all centres, but not found to 

contribute substantially to nutrient variance in the EPIC-calibration study. By contrast 

margarine, both as bread spread and for cooking practices were reported to be less 
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commonly consumed in the IDAMES study sample, but were of importance to explain 

nutrient variance.  

 

Thus, besides the suggestion that the standardized food list appears to include 

informative foods, the present results contribute to the issue of similarities in food and 

food group consumption across European countries. It appeared that many food items 

were eaten sufficiently often by all groups of the diverse study sample to necessitate their 

inclusion in the EFPQ. Nonetheless, the frequency of consumption differed to a greater or 

lesser extent across the centres, which indicates that targeted European diets are distinct, 

in line to the findings of a large body of research [44, 67, 68].  

 

Certainly, an individual can only select a usual diet from foods that are available [36]. In 

many European and other affluent countries food availabilities had become increasingly 

similar [69] and it is very likely that foods such as egg, mineral water, potatoes, poultry, 

apple/pear, pasta, tomatoes and rice are commonly available in the targeted countries of 

this study. Besides this aspect, the EFPQ asks many generically formulated questions. 

For example, in all languages versions the frequency of consumption of pork is inquired 

rather than about pork in various possible culturally mixed dishes. Making questions as 

clear and simple as possible has been reported to facilitate the completion process of 

FFQs and may even compensate for an increased questionnaire length [59]. It was 

important that the participants from all centres understand the questions and identify the 

foods in a similar manner. It may be therefore needed to reconsider the current inclusion 

of country-specific examples to several questions of the EFPQ, because too many 

examples that necessarily do not cover completely the food item queried might be 

confusing [12]. Particularly, with respect to a potential enlarged application of the EFPQ in 

further countries, it appeared to be suitable to focus on generic questions in order to 

maintain the standardized design. 

 

The findings, however, emphasize also on the difficulties in developing a standardized 

food list for a comprehensive FFQ within a European context. There were marked centre-

specific differences in consumer proportion for many food items, particularly for those that 

that were less commonly eaten in the whole study population and in the centre-specific 

samples. In addition, centre-specific differences were apparent in the proportion of food 

groups that were not captured on the EFPQ, but reported on the 24-HDRs. This was not 

surprising given that a finite food list can not capture the full variability of the reported 

diverse diets, which includes many foods (commercial and home-made), brands and 
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preparation practices [7]. Results indicated that this variety differs among the centres, e.g. 

with respect to the reported consumption of vegetables that may be higher in the Southern 

European centres compared to those in the North and Central of Europe. Hence, despite 

the fact that the EFPQ appeared to provide a good picture of the proportion of consumers 

of many foods, dietary information is therefore very likely to be missed, which may have 

introduced systematic errors. Thus, in the pursuit of potentially improving the food list of 

the EFPQ, the issues of the completeness of the food list as well as of infrequently, but 

differentially eaten foods across centres need to be further addressed in order to optimize 

the standardized character of the instrument. Specifically the relevance of infrequently 

consumed foods for the absolute intake and variance of food groups and nutrients should 

be explored. 
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4.2 The role of portion sizes for the performance of the EFPQ 

There has long been an argument over whether or not portion size data improve 

estimates of food and nutrient intake data in FFQs [70, 71]. Several studies in the 80s and 

early 90s reported that additional questions on portion sizes do not add substantially to 

the assessment of food intake [72-75], whereas other data showed marginal improvement 

of the relative validity [76, 77]. The recent interest in the impact of portion sizes on energy 

balance has taken the assessment and methodology of portion sizes back on a renewed 

importance [78, 79]. 

 

In 2003, findings in the EPIC-Potsdam-study by Noethlings et al. (2003) showed that 

frequency explained most of the variation of food intake compared to individual usual 

portion sizes data [72], in line with past research [80, 81]. The underlying German FFQ of 

the EFPQ was therefore designed without the additional respondent burden of reporting 

individual portion sizes options. This was deemed to be particularly important in the use of 

the FFQ during follow-up, where loss to follow-up should be minimized [72]. For food 

intake assessment by such simplified FFQs, a choice must be made between the 

assignment of uniform portion sizes for all study participants (e.g. pre-defined standard 

portion sizes) or alternatively portion sizes that are specifically tailored to certain groups of 

the study population, accounting for example to portion sizes variation in relation to 

gender.  

 

In European dietary assessment research a common concept of portion sizes estimation 

has been proven as valuable to improve comparative analyses [82]. Because of this 

argument and the scientific interest in portion sizes effects on the performance of the non-

quantified standardized EFPQ, the instrument was tested using uniform portion sizes for 

all centres and centre-specific portion sizes, in relation to reference data obtained by the 

Multiple Source Method (MSM). Both portion sizes types were fitted to the IDAMES study 

population given that European standard portion sizes do no exist due to the various food 

and nutrition policies in the European region [83]. Since the IDAMES pilot study was not 

designed as validation study with a further independent reference with regard to error 

structure, it remained difficult to judge about, whether the EFPQ or the MSM approximates 

‘true’ food intake best. Therefore, the findings discussed in the following chapter should be 

interpreted as those from comparative analysis. 

 

Overall, the results showed no substantial gains in food intake estimation, correlational 
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ranking and misclassification by either one of the two portion size types. Both fitted portion 

sizes types correspond in providing reasonable quantitative estimates of intake for almost 

all food items in the whole study population, compared to the MSM-derived estimates, 

which suggest the suitability of the fitted portion size approach for quantitative assessment 

in FFQs, in line with the study from Noethlings et al.(2003) [46]. Also for many food 

groups, such as fruits, meats and cereals reasonable quantitative estimates could be 

obtained by the use of both portion sizes types. Intake estimates, however, were mostly 

underestimated, which indicates the incomplete listing of all possible foods of these food 

groups on the EFPQ and suggests the need to refine the food list of the EFPQ, as 

previously elucidated. Furthermore, at food item level it was found that the inclusion of 

centre-specific portion sizes tended to better reflect the SD in the estimated reference 

food intake data than uniform portion sizes and remarkably improved the ranking among 

all participants according to their intake, compared to the ranking by MSM. This overall 

effect, however, seemed to cancel out at food group level. Relative to the MSM, the EFPQ 

with centre-specific portion sizes classified fewer subjects correctly into the same quartile 

of food group intake (overall: 36.7%; range from 17.8% for legumes to 48.5% for fruits) 

compared to the EFPQ with uniform portion sizes (overall: 39.7%; range from 30.3% for 

soups to 51.0% for legumes) and extremely misclassified more (overall: 4.2% with centre-

specific portion sizes versus 3.3% with uniform portion sizes). Extreme misclassification 

was especially apparent for legumes, dairy products and meat and meat products. The 

percentages of subjects correctly classified into the same, as well as opposite, quartiles 

were similar to corresponding estimates in other studies using multi-cultural FFQs [61, 

65]. For example, for dietary fat, the FFQ used in the Jackson Heart study, was able to 

correctly classify around 35% of the study population in the same quartiles as the 

reference instrument. Overall, the findings show the discordance between the resulting 

distribution of the EFPQ-intakes and the usual intake distribution by MSM, which 

corresponds less, when centre-specific portion sizes are included and point to the 

potential inability of food frequency instruments to classify individuals correctly according 

to their intake, as extensively discussed in recent years [84-86]. Furthermore, a differential 

effect of the portion sizes types on food intakes, correlations and misclassification by food 

group and European region was found. 

 

To the best authors’ knowledge there is only one study that explored the effects of 

different portion size types in a multicultural FFQ, in relation to a reference that was also 

used for portion size determination [87]. Tucker et al. evaluated the influence of including 

individual reported open-ended portion sizes (derived from 24-HDRs of the US-American 
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Hispanic Health and Nutrition Examination Survey (HHANES)) on the performance of a 

revised version of the National Cancer Institute (NCI)/Block FFQ in 90 elderly Hispanic 

adults and 35 elderly non-Hispanic whites. Intake of nutrients from the FFQ with fixed and 

with open-ended portion sizes were compared with data from the 24-HDRs. Similar to this 

study, significant high correlation coefficients between the FFQ and the reference were 

found that were remarkably stronger when open-ended portion sizes were assigned. By 

including fixed portion sizes correlation coefficients ranged from 0.56 for iron to 0.85 to 

carbohydrates, while with open-ended portion sizes the range was 0.66 for iron 0.92 for 

carbohydrates and energy. However, the beneficial effect on ranking and also on mean 

estimation by open-ended portion sizes differed across the ethnic groups and was less 

apparent in whites. Because of the predominate Hispanic study population, however, the 

authors concluded that the use of open-ended portion sizes was appropriate in their study.  

 

The present findings did not allow supporting one portion size type for the entire IDAMES 

study population, though uniform portion sizes appeared to perform slightly better in the 

Central and Northern European centres, whereas centre-specific portion sizes tended to 

be more appropriate in the Southern ones. For certain food groups, however, portion size 

type effects were differential. The intake of dairy products, for instance, was severely 

overestimated by the EFPQ with uniform portion sizes in all centres, whereas 

underestimated in the Northern- and Southern European centres when centre-specific 

portion sizes were included. By contrast, ranking appeared to be consistently worse for 

dairy products, when centre-specific portion sizes were used. Similar observations have 

been reported by Kuskowska-Wolk et al. (1992), who examined the impact of different 

design characteristics in FFQs and observed that milk intake was sensitive only with 

respect to portion sizes [88]. One could infer from the results of this study that the uniform 

portion sizes of those food items that belong to the group of milk, yoghurt and cheeses 

might be too large to reflect the usually consumed portion of a participant while the centre-

specific portion sizes too small. However, given that portion sizes were fitted from the 

estimated usual intake data by MSM and the observed 24-HDR-data, they resulted in 

proportions of food items in the food groups that do approximate the proportions assessed 

in the reference data. Moreover, at food item level, no substantial differences in mean 

intake for these foods were found and correlations were consistently stronger including 

chocolate/fruit milk, sour milk/kefir, plain quark, whey cheese and 

mozzarella/mascarpone/feta, thus food items that had large numbers of observed zero 

intakes on the 24-HDRs. Therefore, it is rather assumed that the participants vary a lot in 

their consumption of dairy products that are not captured on the EFPQ, but modelled by 
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the MSM; similarly to the wide range of portion sizes and frequency of consumption that 

was observed for the single milk, yoghurt and cheese items across the pilot study centres. 

Additionally, the differential effects of portion size types by food group may also have 

emerged due to the conversion and aggregation procedures undertaken from reported 

frequencies to the desired metrics at food group level, which could have introduced both 

random and systematic errors. 

 

Apart from the differential findings of portion sizes types effects on the performance of the 

EFPQ, this study demonstrated the overall suitability of the approach undertaken to 

determine portion sizes for inclusion in non-quantitative FFQs and complements the 

findings from Noethlings et al.(2003) [46]. Using estimated usual food intakes by MSM 

could determine a wide range of generally reasonable fitted portion sizes for the majority 

of the food items of the EFPQ, although the limited power of this study necessitated the 

additional calculation of fitted portion sizes based on the observed 24-HDRs-data. This 

approach is new and is likely to provide useful information about usually consumed 

portion sizes in the targeted study population. 

 

The underlying concept of ‘usual portion’ in the FFQ methodology has long been 

controversial [24]. Intra-individual variation was found to be a greater contributor to actual 

portion sizes-variance in most foods than the variation between individuals [80, 89]. These 

suggestions that individual portion sizes of foods may vary substantially across eating 

occasions have led researchers even to argue that there is no single true usual portion 

size [24] and indicate the complexity and weaknesses of this concept. Several studies 

reported the difficulties for individuals to specify their ‚usual portion‘. Smith et al. (1991) 

found that subjects had difficulties conceptualising pre-defined portion sizes relative to a 

medium reference portion, especially when expressed as small, medium or large, which 

most quantitative FFQs do [90]. Most often, reference portion sizes are derived from 

dietary data collected from national surveys of persons of the same age and sex, but not 

necessarily the same cultural background [27]. Indeed, providing pre-defined portion size 

ranges seems to be particularly challenging in multicultural study populations with 

probably varying average portion sizes across ethnic groups as noted by Coates et 

al.(1997) [91]. Even though efforts have been undertaken to explore, how to best assist 

the usual portion size estimation by FFQs, also in multicultural context, e.g. by the means 

of pictures or by an interviewer-assisted administration, ranking of participants according 

to their intake did hardly improve in relation to other self-reported dietary assessment 

methods [92, 93]. 
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In this context the use of a statistical method that appeared to be suitable for estimating 

individual usual food intakes based on reported dietary data may improve the 

methodology of usual portion size determination in FFQs. The MSM used in this study is 

characterized by a two-part shrinkage technique applied to residuals of two regression 

models, one for the positive daily intake data and one for the event of consumption [94]. 

Specifically in part 2 of the MSM, the residuals of the linear regression model are 

transformed and employed to estimate inter- and intra-individual variance, which is used 

to shrink the mean food intake of an individual to a grand mean. Thus, the MSM corrects 

for intra-individual variance and eliminates the disadvantage of the high-day-to-day 

variation in usual portion sizes determination. Moreover, the MSM takes into account 

covariates that are assumed to be predictive for dietary intake, such as gender, age or 

study centre. This appeared to be a further advantage, since it is generally recommended 

to assign different portion size values for men and women and different age-groups, 

although they do not always improve the performance of FFQs [25, 95]. Furthermore, a 

usual portion size for each specific food item on a given FFQ is indented to represent the 

average amount eaten by all subjects that usually consume that food. The present notable 

differences between the proportions of consumers defined by the 24-HDRs and by the 

MSM indicated the strong ability of the MSM supplemented by frequency information to 

identify all consumers. Finally, in the context of the EFPQ as standardized European 

instrument the flexibility of the MSM both being directly applicable to standardized 24-

HDR-data obtained by EPIC-SOFT and including centre as covariate in the models was 

considered as very valuable in order to approximate portion sizes standardization across 

the centres. 

 

Applying the MSM to determine usual portion sizes tailored to the population under study 

is interesting, but has also some limitations. The MSM assumes that the 24-HDR is 

unbiased on the individual level, i.e. that modelling a sufficient number of repeat 

observations on an individual (at least two) will yield a person’s true usual intake value. 

However, as with all self-report assessment methods, the 24-HDR depends on the 

respondent’s ability to recall intake accurately. Numerous observational studies, including 

validation studies using biochemical markers of intake, pointed on the measurement error 

of 24-HDRs, almost always in the direction of underestimation [96, 97]. However, in the 

EPIC-calibration study that used the same 24-HDR-program as in the present study, bias 

in group mean intake estimates for nitrogen and energy from a 24-HDR were systematic 

and comparable across the centres [96]. These results suggest that, although the usual 

intake estimates by MSM in this study might be not correct in absolute values on 
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individual level, they can still justify the determination of uniform and centre-specific 

portion sizes, since potential systematic bias may be constant across the pilot study 

centres. Furthermore, besides the premise of repeated short-term measurements for each 

individual, fitted portions sizes by MSM may tend to be oversized or undersized in highly 

skewed food items that are characterized by a large number of subjects with zero intakes 

and few persons with very large intakes. In the present study differences between 

estimated means and observed values were observed for these items. For example, sour 

milk/kefir had an overall proportion of consumers on the 24-HDRs of 22% and among the 

7 individuals that consume this food on at least two 24-HDRs very high amounts were 

observed (estimated mean on consumption days was 525 g/d). Although by the 

application of the MSM on the observed intake data of sour milk/kefir the skewness was 

reduced from 8.07 to 6.45, it still remained high. Thus, it is hypothesized that particularly 

for skewely distributed food items, mean differences might result from an altered 

distribution after the back-transformation of the transformed and shrunken residuals in the 

MSM. Similar observations were found for other food items with highly skewed 

distributions, such as melon. Finally, the complex mathematical structure of the MSM 

necessarily warrants in-depth research in order to find adequate answers, why in some 

cases the mean is altered on the back-transformed scale. This is addressed in current 

research and was beyond the objectives of the present thesis. 

 

Taking these findings and the arguments found in the literature, it appeared to be 

reasonable not to include portion sizes options in the EFPQ. Especially in the European 

context of this study the additional inclusion of discrete questions for portion size for each 

food item seems to less useful and may introduce portion-size-related bias, since it is 

likely to be impossible to standardize usual portion size estimation across the centres by 

portion sizes inquires. However, also the completion of non-quantitative FFQs may be 

difficult for subjects, because they have to relate their usual consumption to a certain 

reference [98]. In the EFPQ respondents were proposed to exchange a larger portion size 

in relation to graphically displayed pictograms by a higher frequency of intake and it can 

not be excluded that the pilot study participants took no need or were unable to make 

these mental calculations.  

 

In the present study, it has been shown that careful considerations have to be made when 

portion sizes should be assigned to non-quantitative FFQs that are designed to capture 

culturally diverse diets. Although it remained unanswered, which portion size type reflects 

portion sizes best the determination procedure used appeared to be a suitable approach 
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to approximate the usually consumed portion sizes in a culturally diverse study population. 

Besides these findings, the present results contribute also to the issue of similarities in 

portion sizes across European countries that are very limited studied. Up to now, there is 

only one study that compared portion sizes in a cross-country context [99]. Jenab et al. 

(2006) explored the role of average daily portion sizes of nuts and seeds using 24-HDR-

data from the EPIC-calibration study and reported a clear geographical gradient with 

smaller portion sizes in Northern European countries than in the Southern ones. From this 

data, cultural trends between Northern and Southern European Centres tended to emerge 

only for some food items. Portion sizes for rye bread, muesli/cereals, milk, potatoes, 

meatballs, boiled sausage, pork, regular beer and regular coffee were larger in the Central 

and Northern European centres than in those of Southern Europe. For most part, these 

findings are consistent with recently published European food consumption data [67]. 

Interestingly, portion sizes of several food items appeared to be similar between single 

centres indicating that the assessment of usually consumed portion sizes in a multicultural 

context might be less complex for food items that come in natural units (such as one apple 

or egg, one slice of whole grain bread or one cup of black tea). With further testing of the 

EFPQ in combination with 24-HDRs, it may be possible to determine a wider range of 

standardized portions fitted to the populations under study.  

4.3 Usual intake estimation of less commonly eaten foods – can the 

EFPQ be applied to improve the estimation? 

Applying repeated 24-HDRs to estimate individual usual food intake by statistical 

modelling (e.g. by MSM) is a promising procedure, but poses several challenges [40, 

100]. One problem is related to the assessment of less commonly eaten foods, since 24-

HDRs usually include a substantial proportion of subjects reporting zero intakes during the 

recorded days.  

 

Also in the 24-HDRs of the IDAMES pilot study many foods of nutritional interest, such as 

whole grain bread, vegetables, meat, sweets and alcoholic beverages were less 

commonly reported. It is therefore likely that the use of repeated 24-HDRs to estimate 

usual intakes of such food items, if not supplemented, may be biased, because their use 

will miss consumption of a large portion of the study population and might overestimate 

the number of non-consumers. Findings of the present study lead to suggest that the 

EFPQ may have a potential to identifying habitual users of such foods. Using frequency of 

consumption data of the EFPQ as covariate to supplement part 1 and 2 of the MSM-

models, resulted in consistently higher consumer proportions, compared to those 
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identified in the observed 24-HDRs-data (see table 3-5 and the discussion about the MSM 

for portion sizes determination). These results are in line with recent methodological and 

simulation studies that concluded from their results that frequency data from food 

propensity questionnaires (FPQ) may offer important covariate information in 

supplementing multiple recalls for estimating usual intakes of less commonly eaten foods 

[42, 47, 100]. 

 

Subar et al. (2006) presented data from 965 adult participants in the Eating at America's 

Table Study, who completed four 24-HDRs and an FPQ that has been introduced in the 

2003-2004 National Health and Nutrition Examination Survey [47]. The researchers 

explored, whether or not increasing FPQ-reported frequency was associated with both the 

probability of consuming a given food or food group on a 24-HDR and the mean amounts 

reported. For 52 out of 56 food groups (93%) and 218 of 230 individual foods (95%), there 

were significant monotonically increasing relationships between FPQ-frequency and 24-

HDR-probability of consumption. Furthermore, significant positive Spearman correlations 

between the FPQ frequencies and the mean intake on a consumption day were found for 

47 of 56 food groups (84%) and 55 of 230 (24%) individual foods. 

 

Motivated by this US-American, research the present analytical strategies undertaken 

were very similar. For 27 out of the 74 (37%) occasionally and infrequently consumed 

food items there were significant positive relationships between reported frequency-

category on the EFPQ and the 24-HDR-probability of consumption on a random day. In 

addition, there were several food items with positive, but non-significant relationships. 

These results lead to suggest that the inclusion of the EFPQ-frequency of consumption as 

covariate in the first part of the MSM may be useful to predict the individual probability of 

consuming a food item of the EFPQ on a randomly selected 24-HDR-day, at least for 

some of the food items. Also, subsequent and more sophisticated analysis in the Eating at 

America's Table Study found that the use of the frequency information did not equally 

impact all foods. By computing variance ratios Kipnis et al. (2009) quantified the 

contribution of frequency information to the estimation of usual intake compared to those 

from other covariates (age, BMI and education) [100]. Positive values of frequency of 

consumption were transformed using Box-Cox-Transformation, whereas zero reports 

were modelled as indicator variable. The variance ratios showed that the frequency 

information contributed considerably more to the estimation of usual intake than the other 

covariates, but that the size of contribution varied substantially across the selected foods 

(i.e. dark green vegetables, tomatoes, fruit, milk and fish). The authors assumed that the 
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overall probability to consume a given food on a given day may mostly determinate the 

impact of the frequency information. They observed that for fish and dark vegetables 

having lower consumer proportions (~50%, respectively) and a relatively low overall 

probability of consumption, the frequency information was likely to provide a larger 

increase in efficiency.  

 

Though not directly comparable, the present study adds to this research questions by 

showing that the relationships between the frequency-category on the EFPQ and the 24-

HDR-probability of consumption also vary among occasionally and infrequently consumed 

food items with respective consumer proportions of less than 50%. Findings point also on 

the complexity to explain, why the presence and magnitude of the relationships appear to 

depend on specific foods, given that the probability data was obtained by running the 

MSM with gender and pilot study centre as covariates. 

 

Unlike to the observation by Subar et al. (2006) this study found for more individual foods 

positive relationships between the frequency-category on the EFPQ and the ranked 

average amount consumed on a 24-HDR-consumption-day. For 32 out of the 74 

occasionally and infrequently consumed food items (43%), Spearman rank correlations 

were positive and significant indicating that for several food items the inclusion of the 

EFPQ-frequency of consumption as covariate in the second part of the MSM may offer an 

additional benefit for predicting the estimated amount of food intake on a consumption day 

of an individual.  

 

Overall, the results of these analyses support the assumption that the EFPQ has potential 

augmenting information from 24-HDRs regarding the usual intake estimation of 

occasionally and infrequently consumed foods. It is considered as an advantage that the 

inclusion of the frequency information as covariate requires not that the reported data be 

precise, which is very unlikely, as indicated also in the present findings. For several food 

items positive relationships were observed for all frequency categories, but the highest 

which may be due to over-reporting the self-reports of frequency of consumption. Rather, 

using EFPQ-frequency data as covariate requires that increasing EFFQ-reported 

frequency of a food item be associated with 24-HDR-probability of consumption on a 

random day and with the ranked average amount consumed on a 24-HDR-consumption-

day. The results, however, should be interpreted carefully. It might be that the overall 

probabilities of consumption as well as the amounts consumed are very differential among 

the centres given the notable centre-specific differences in the consumption of 
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occasionally consumed food items. Additionally, findings may be different at food group 

level too, because there might be correlations between frequencies of consumption data 

of individual foods that comprise a given food group. The present study did not address 

these issues, since simply the potential of the standardized EFPQ in distinguishing 

between true non-consumers and non-consumers on the 24-HDRs and the crude 

relationship to 24-HDR-data with respect to occasionally and infrequently consumed food 

items was in focus. Investigating properly the issues mentioned above requires larger 

sample sizes in the single centres of a multi-centre study in order to perform the MSM in 

each study centre, respectively. Also, future research priorities should consider and test 

study logistic and methodological aspects, if a FPQ is to be used, such as whether it 

should be applied to all subjects of a study population or on a smaller sample as 

calibration approach, which optimal number of multiple 24-HDRs it should be 

supplemented and which administration sequence is most appropriate to enable precise 

and quantitative estimates of individual usual dietary intakes. With respect to the optimal 

number of 24-HDRs, recent unpublished research showed, that two to three 24-HDRs 

were sufficient to provide valid individual usual intake estimates by MSM, at least in a 

German study population [101], but more data in multi-centric study context is required. 

4.4 Study strengths and limitations 

This thesis has several strengths and limitations that warrant discussion. First, this is the 

first study characterizing a new standardized European long-term dietary assessment 

instrument with regard to its feasibility of use and performance in the multi-centre IDAMES 

pilot study conducted in five European countries: Estonia, Germany, Italy, Norway and 

Spain. Each study centre participating in the pilot study is an ongoing prospective cohort 

that was designed and implemented differently. Thus, the present study sample 

comprises cohort study participants from different European geographic regions with 

different age ranges and educational levels that could be well-characterized. For example 

the participants from those cohorts not designed according to the EPIC study protocol 

were demographically different and included younger participants (EGC) and solely 

women (NOWAC). This allowed for a broad investigation of the feasibility of use and 

performance of the standardized EFPQ, particularly for exploring heterogeneities and 

similarities across the culturally different study centres. A random selection procedure was 

applied to the whole cohort studies rather than to special exposure groups to minimize 

selection bias. Especially, for evaluating properly the practical feasibility of the 

administration mode it was deemed to be important that the study population was not 

selected based on internet access and experience, but was comprised of subjects who 
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were used to classical instruments of dietary data collection such as paper-based 

questionnaires or personal interviews. Second, the construction and use of standardized 

databases of exposure variables and covariates (e.g. dataset obtained by the interview-

administered centre-specific and standardized EPIC-SOFT-programme as well as 

complete EFPQ-dataset obtained by its web-based portal) minimizes potential sources of 

noncomparability and is considered as a further methodological strength to standardize 

the analyses undertaken. Third, this study applied a statistical modelling method originally 

aimed to estimate individual usual intake based upon repeated independent 24-HDRs in 

combination with additional information about true non-consumers as a means to 

determine portion sizes and as reference data. The Multiple Source Method (MSM) 

combines the advantages of both quantitative and rich 24-HDR-data and non-quantitative 

FFQ-data while minimizing their limitations (e.g. adjusting for intra-individual variation in 

the 24-HDR-data). In particular, the application of the MSM appeared to be useful to 

approximate the complex concept of ‘usual portion’ in the methodology of long-term 

dietary assessment instruments. Finally, results from this cross-sectional study may 

inspire dietary assessment methodologists and other health professionals in Europe in 

their planning of future dietary assessment in multi-centre studies and may contribute to 

the increasing interest in harmonizing dietary assessment methodology in the European 

Union. 

 

Major limitations of the present study are the limited generalizability and statistical power 

of the results as for the study sample only 80 participants from each participating cohort 

study were invited. All study cohorts were not designed to be representative of their 

countries. Consequently, extrapolation to general populations or to other studies should 

be made with caution. The small sample size may imply that the compliance and ability to 

complete the EFPQ and the multiple 24-HDRs as well as the self-reports of dietary intake 

might be different in those volunteers, who decided to participate in the pilot study than in 

the entire study populations, despite of the random selection procedure. Furthermore, 

completion rates of the EFPQ and numbers of completed 24-HDRs differed across the 

centres. These aspects could have caused a bias in the dietary data and led to artifactual 

differences between the centres regarding the feasibility of use and performance of the 

EFPQ. Although non-responder analyses revealed that non-participation in the pilot study 

was not systematically related to age or gender, non-participants of most centres were 

characterized as less educated but healthier in terms of a lower mean BMI and of a higher 

proportion of never-smokers [50]. Therefore, social desirability bias and misreporting may 

have also occurred, since several studies showed that highly educated subjects tend 
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more to give a response set reflecting a tendency to present a diet that adheres more 

closely to social norms and public recommendations [102, 103] as well as that overweight 

and obese individuals under-report more than lean counterparts [104]. 

 

Nonetheless, although the data source of this study is not ideal, up to now, there was no 

other data available to evaluate the design characteristics of the EFPQ in relation to the 

feasibility of use and performance and the results have to be interpreted cautiously. 

Further strengths and limitations of the IDAMES pilot study that primary explored the 

feasibility of administering the uniform EFPQ in combination with three telephone-

administered 24-HDRs in the targeted different European countries, have been elucidated 

elsewhere [50].  
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5 Future research of dietary assessment in multi-centre 

prospective studies and conclusion 

The current study provides evidence to support the feasibility of use of the EFPQ applied 

in the diverse European sample of the multi-centre IDAMES pilot study, including its web-

based version. The frequency of consumption of many usually eaten foods in the targeted 

different European study populations could be captured by the food list of the EFPQ 

indicating the applicability of a standardized long-term dietary assessment instrument 

tailored-made to diverse European diets. Refinements, however, are needed to include 

further foods that best reflect habitual diets of the targeted study populations in order to 

optimize its standardized design.  

 

Furthermore, this study shows that careful considerations have to be made, when portion 

sizes should be assigned to the non-quantitative instrument. Overall, it appeared 

appropriate not to include portion sizes inquiries in a multicultural long-term instrument 

that should perform equally in the diverse groups under study. If intakes would be 

important for the EFPQ, it seemed to be suitable to determine fitted portion sizes from 24-

HDRs, preferably by the means of a statistical modelling method originally used for 

individual usual intake estimation, such as the Multiple Source method (MSM). In this 

study it remained unanswered, which fitted portion size type approximates the usually 

consumed portion sizes in the study population best. A larger study population would be 

needed to address this topic appropriately. Nonetheless, assigning portion sizes to the 

EFPQ resulted in an overall moderate and differential performance in appropriately 

ranking usual food intake estimates by European region and food group, relative to the 

ranking in the reference data. Even with the best procedures of EFPQ-data correction, the 

ability to classify the subjects correctly according to their intake was moderate and 

differential, which may result in conjunction with incidence data in biased disease risk 

estimates.  

 

The present results are in line with the findings of validation and comparative risk studies 

that indicate that the standard dietary assessment instrument in large-scale 

epidemiological studies, the FFQ, might not provide the dietary data needed to investigate 

diet-disease relationships properly due to the high amount of systematic and random 

measurement error [84-86]. This calls into question the commonly used stand-alone 

application of the instrument, particularly in the context of multi-centre prospective studies, 
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where accurate and comparable dietary data on the individual habitual basis are needed 

to sufficiently persuasive the evidence regarding diet-disease-associations [112]. 

 

In recent years, the need for new dietary assessment methods to better measure diet in 

large prospective studies has been well recognized. Researchers argue about whether to 

replace or supplement the FFQ, by repeated short-term instruments, since there is 

evidence that such a combination might be an appropriate approach to statistically model 

more precise estimates of individual usual intakes. Applying different self-reported dietary 

assessment instruments (i.e. multiple 24 HDR with a FPQ) appeared to be a feasible 

approach for assessing diet in different European study populations, as shown by the 

IDAMES pilot study [50]. Still, the new statistical combination strategies, such as the 

MSM, need further evaluation, but particularly with respect to multi-centre studies the 

preferred use of repeated quantitative and detailed 24-HDRs, e.g. by using the 

standardized EPIC-SOFT-program, may yield to more accurate and comparable individual 

usual intake estimates compared to those from calibrating centre-specific error-prone 

FFQs. Findings of this study indicate that the standardized EFPQ has a potential to 

supplement short-term-dietary by providing valuable information about habitual 

consumers of foods and beverages in culturally different study centres.  

 

Nevertheless, gathering dietary data from at least two short-term measurements and a 

long-term instrument of each study subject in large-scale multi-centre settings is limited by 

high staff and financial requirements. Technological advances, like web-based dietary 

assessment tools have a potential to minimize these issues. As shown in this study, the 

web-based collection of the EFPQ-data was advantageous for conducting the dietary 

assessment in the geographically dispersed study population. However, the varying 

response rates for the Web-EFPQ emphasized the necessity to offer both traditional and 

new technical instruments in future dietary assessment methodology. Considering the 

practical advantages for large-scale multi-centre studies continued enhancements for 

web-based dietary questionnaires are necessary to be convenient for as many subjects as 

possible and thus, require testing under a variety of circumstances. Specifically for a 

potentially enlarged application of the EFPQ it would be necessary to undergo local 

rounds of usability testing to better understand and subsequently reduce the barriers that 

hinder subjects to choose the web-based version. Results of this study indicated that 

these barriers may differ by country. Since computer skills and technical experience in 

older populations may probably not increase rapidly, it may be necessary to collect part of 

the dietary information by web-based instruments via telephone-interviews or directly in a 
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local computer lap in each study centre. With respect to comprehensive short-term 

instruments, web-based self-administered applications are currently being developed to 

overcome the potentially restrictive costs of highly trained interviewers and elaborate 

administration required to obtain high-quality data. However, knowledge about the 

feasibility of self-completing such comprehensive short-term measurements as web-based 

applications is limited. There are therefore still gaps in less costly and burdensome 

strategies to ensure good ranking for all study participants of large-scale studies. 

Research is under way to develop simple and easy to apply short-term ranking 

instruments, but still needs testing. 

 

In conclusion, future research of dietary assessment in multi-centre prospective studies 

should go for combining dietary data from different sources to optimise the strengths of 

each instrument, taking into account internet-technologies, along with advanced statistical 

methods. The error-proneness of long-term dietary assessment instruments to rank study 

subjects correctly, calls into question their stand-alone application in prospective studies. 

However, as shown in this study long-term instruments, like the EFPQ are important 

components within the strategy of methods combination, since they provide valuable 

information about long-term usual frequency of consumption that can be used as 

covariate to identify habitual users of foods, but also for an optional portion sizes 

determination. In this context, further development and application in larger study 

populations of the standardized EFPQ would be needed to explore its specific purpose for 

potential use in nutritional epidemiological approaches that combine different methods in 

culturally different study populations. 
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6 Summary 

Title: Design characteristics of a European Food Propensity Questionnaire in 

relation to Feasibility of use and Performance 

Background: There is a need for standardized dietary assessment to reliably compare 

and investigate diet-disease relationships in culturally different European study 

populations. A standardized long-term instrument may be an appropriate approach to 

assist the assessment of individual usual dietary intake within multi-centre prospective 

studies, but warrants for a well characterization.  

Objective: This doctoral thesis evaluates the European Food Propensity Questionnaire 

(EFPQ) with respect to the feasibility of use of its standardized design characteristics and 

to its performance in both approximating usual food intakes and augmenting dietary 

information from 24-HDRs of less commonly consumed foods. The EFPQ was applied 

within the multi-centre IDAMES pilot study conducted during January and September 

2009 in five European countries.  

Design: The multilingual non-quantitative EFPQ inquires the frequency of consumption of 

116 foods and beverages during the preceding year, supported by pictograms of 

approximate portion sizes. 400 participants from five ongoing cohort studies in Estonia 

(Estonian Genome Centre/EGC), Italy (EPIC-Florence), Spain (EPIC-San Sebastian), 

Norway (Norwegian Women and Cancer Study/NOWAC) and Germany (EPIC-Potsdam) 

were randomly selected and invited to complete either a web-based or a paper-based 

EFPQ (Web-EFPQ and Paper-EFPQ) in combination with three monthly telephone-

administered 24-hour dietary recalls (24-HDRs) using EPIC-SOFT software. The analysis 

of the feasibility of use included 261 men and women aged 19-75 y (mean age: 55 y), who 

fully completed the EFPQ. The performance analysis was carried out in 241 subjects that 

responded to at least two 24-HDRs, in addition to the EFPQ. Uniform portion sizes for all 

centres and centre-specific portion sizes being fitted from the 24-HDRs were compared 

with respect to their effects on the EFPQ’s performance in food intake estimation, 

correlational ranking and misclassification. The comparative analyses were performed in 

the whole study population and separately by study centre or European region using non-

parametric statistics in relation to reference data that was obtained by the means of a 

statistical modelling method originally used to estimate individual usual intake (Multiple 

Source method (MSM). Furthermore, the potential of the EFPQ in identifying habitual 

consumers of foods and in supplementing usual intake estimates of less commonly 

consumed foods on repeat 24-HDRs was explored by assessing whether or not 

increasing EFPQ-reported frequency was associated with both the probability of 
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consuming a given food on a 24-HDR and the ranked average amount consumed on a 

24-HDR-consumption-day. 

Results: Response rates for the Web-EFPQ varied among the study centres from 30% in 

EPIC-San Sebastian to 70% in NOWAC and 93% in EGC. Web-Users rarely requested 

support and were in all centres younger and higher educated than those who completed 

the paper-format. For 67% of the included food items on the standardized food list of the 

EFPQ, the consumer proportion was more than 65% and 27 food items were identified to 

be consumed from 90% of all study participants. Although at food item level the inclusion 

of centre-specific portion sizes remarkably improved the ranking among all participants 

according to their intake, compared to the ranking in the reference data the effect seemed 

to cancel out at food group level. Relative to the reference data, the EFPQ with centre-

specific portion sizes classified fewer subjects correctly into the same quartile of food 

group intake (overall: 36.7%) compared to the EFPQ with uniform portion sizes (overall: 

39.7%) and extremely misclassified more (overall: 4.2% with centre-specific portion sizes 

versus 3.3% with uniform portion sizes). Furthermore, a differential effect of the portion 

sizes types on food intakes, correlations and misclassification by food group and 

European region was found. In general, uniform portion sizes appeared to perform slightly 

better in the Central and Northern European centres, whereas centre-specific portion 

sizes tended to be more appropriate in the Southern ones. Furthermore, for 27 out of the 

74 (37%) occasionally and infrequently consumed food items on the 24-HDRs there were 

significant positive relationships between reported frequency-category on the EFPQ and 

the 24-HDR-probability of consumption on a random day. Positive relationships between 

the frequency-category on the EFPQ and the ranked average amount consumed on a 24-

HDR-consumption-day were observed for 32 of these food items (43%). 

Conclusion: Overall, this study supports the feasibility to use the standardized EFPQ in 

culturally different European study populations, including its web-based version. The 

moderate ability to classify individuals correctly according to their intake calls into question 

the stand-alone application of long-term dietary assessment instruments in prospective 

studies and supports approaches that combine different dietary assessment instruments.  
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7 Zusammenfassung 

Hintergrund: Standardisierte Ernährungserhebungsmethoden sind erforderlich, um 

verschiedene Studienpopulationen hinsichtlich möglicher Zusammenhänge zwischen 

Ernährung und Krankheiten vergleichbar untersuchen zu können. Ein standardisiertes 

Langzeitinstrument könnte die Erhebung der üblichen Ernährung auf individueller Ebene 

in multizentrischen prospektiven Studien verbessern. 

Ziel der Arbeit: Im Rahmen dieser Doktorarbeit wird die Machbarkeit des European Food 

Propensity Questionnaire (EFPQ) in Bezug auf die Nutzung seines standardisierten 

Designs und seiner Leistungsfähigkeit zur Schätzung der üblichen Ernährung und zur 

Bereicherung von Ernährungsdaten selten konsumierter Lebensmittel beurteilt, die mittels 

24-Stunden-Erinnerungsprotokolle (24-HDRs) erhoben wurden. Der EFPQ wurde in einer 

zwischen Januar und September 2009 in fünf Europäischen Ländern durchgeführten 

multizentrischen IDAMES-Pilotstudie getestet. 

Methoden: Der mehrsprachige nicht-quantitative EFPQ erfragt die Verzehrshäufigkeit von 

116 Lebensmitteln und Getränken der letzten 12 Monate, graphisch unterstützt durch 

illustrative Bilder von Standardportionsgrößen. Je 80 zufällig ausgewählte Teilnehmer von 

5 Europäischen Kohortenstudien in Estland (Estonian Genome Centre/EGC), Italien 

(EPIC-Florence), Spanien (EPIC-San Sebastian), Norwegen (Norwegian Women and 

Cancer Study/NOWAC) und Deutschland (EPIC-Potsdam) wurden eingeladen, den EFPQ 

sowie drei monatlich telefonisch durchgeführte 24-HDRs zu beantworten. Es stand eine 

web-basierte und eine Papier-Version zur Wahl (Web-EFPQ und Papier-EFPQ). Die 

Analyse zur Machbarkeit umfasst 261 Männern und Frauen im Alter von 19-75 Jahren 

(mittleres Alter: 55 Jahre) mit vollständiger Ernährungsinformation im EFPQ. Die Analyse 

zur Leistungsfähigkeit basiert auf den Angaben von 241 Personen, die zusätzlich zum 

EFPQ mindestens zwei 24-HDRs beantworteten. Einheitliche Portionsgrößen für alle 

Pilotstudienzentren und studienzentrumspezifische Portionsgrößen, abgeleitet aus den 

Daten der 24-HDRs, wurden hinsichtlich ihrer Effekte auf die geschätzte 

Lebensmittelaufnahme, Korrelationen und Missklassifizierung verglichen. Die Analysen 

wurden in allen Studienteilnehmern und stratifiziert nach Studienzentrum oder 

Europäischer Region durchgeführt, im Vergleich zu Referenzdaten die mittels statistischer 

Modellierung zur Schätzung der üblichen individuellen Ernährung (Multiple Source 

Method (MSM) generiert wurden. Zur Überprüfung der Fähigkeit des EFPQs, wahre 

Konsumenten zu identifizieren und die Schätzung der üblichen Ernährung von selten 

konsumierten Lebensmitteln zu bereichern, wurde getestet, ob eine höhere 

Verzehrshäufigkeitsangabe eines Lebensmittels im EFPQ mit der 
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Verzehrsswahrscheinlichkeit dieses Lebensmittels in den 24-HDRs als auch mit der 

mittleren berichteten Aufnahmemenge an einem 24-HDR-Verzehrsstag assoziiert ist. 

Ergebnisse:  

Die Antwortraten für den Web-EFPQ variierten zwischen 30% in EPIC-San Sebastian, 

70% in NOWAC und 93% in EGC. Teilnehmer, die den Web-EFPQ wählten, benötigen 

wenig Unterstützung beim Ausfüllen und waren in allen Studienzentren jünger und höher 

gebildet, als diejenigen, die die Papier-Version ausfüllten. 67% der Items der 

standardisierten Lebensmittelliste des EFPQ hatten mehr als 65% Personen mit positiver 

Verzehrshäufigkeitsangabe und insgesamt wurden 27 Lebensmittel von 90% aller 

Studienteilnehmer konsumiert. Im Vergleich zu den Schätzwerten der MSM führte die 

Verwendung von studienzentrumspezifischen Portionsgrößen zu einer verbesserten 

Leistungsfähigkeit des EFPQs, die Studienteilnehmer hinsichtlich ihrer Lebensmittel-Item-

Aufnahme zu kategorisieren, aber dieser Effekt war auf Lebensmittelgruppenebene nicht 

mehr vorhanden. Im Vergleich zur MSM klassifizierte der EFPQ mit zentrumspezifischen 

Portionsgrößen weniger Personen in die gleichen Quartile (insgesamt: 36.7%) als der 

EFPQ mit einheitlichen Portionsgrößen (insgesamt: 39.7%) und missklassifizierte mehr 

(insgesamt: 4.2% mit zentrumspezifischen Portionsgrößen im Vergleich zu 3.3% mit 

einheitlichen Portionsgrößen). Außerdem war ein differentieller Effekt beider 

Portionsgrößentypen auf geschätzte Lebensmittelaufnahme, Korrelationen und 

Missklassifizierung in Abhängigkeit von Lebensmittelgruppe und Europäischer Region zu 

sehen. Die Leistungsfähigkeit des EFPQ tendierte mit einheitlichen Portionsgrößen in den 

Central- und Nord-Europäischen Studienzentren besser zu sein, aber mit 

zentrumspezifischen Portionsgrößen in den Süd-Europäischen Studienzentren. Es waren 

außerdem für 27 der 74 (37%) gelegentlich und selten konsumierten Lebensmittel in den 

24-HDRs signifikant positive Zusammenhänge zwischen Häufigkeitsangabe und 24-HDR-

Verzehrsswahrscheinlichkeit vorhanden und für 32 dieser Lebensmittel (43%) positive 

Zusammenhänge mit der mittleren berichteten Aufnahmemenge an einem 24-HDR-

Verzehrsstag.  

Schlussfolgerung: Diese Studie zeigt die Machbarkeit, den standardisierten EFPQ in 

kulturell unterschiedlichen Europäischen Studienpopulationen einzusetzen, einschließlich 

seiner web-basierten Version. Die moderate Leistungsfähigkeit des EFPQs, die 

Teilnehmer hinsichtlich ihrer üblichen Ernährung korrekt zu klassifizieren, stellt die 

Verwendung von Langzeitinstrumenten in prospektiven Studien in Frage und unterstützt 

Methoden, die verschiedene Instrumente kombinieren.  
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Table A-1: Foods added and deleted to the final European Food Propensity Questionnaire 

(EFPQ) for assessment of European diets and other modifications, relative to the original 

German FFQ. 

food item group food name other modifications 
 added deleted  
bread and cereals whole grain crisp-bread, 

hot cereals/porridge 
  

spreads on bread olive oil on bread lard on bread, vegetarian 
paste 

order of food items 

milk and yoghurt sour milk/kefir/fermented 
milks 

 adding of Italian-
specific portion sizes 
for yoghurt, sour milk 

curd and cheese whey cheese, mozzarella/ 
mascarpone/feta 

 examples of country-
specific soft and semi-
soft cheeses, wording 
changes: ‘sour-cream’  

fruits and seeds cherries, water 
melon/melon/ cantaloupe 

seasonal consumption wording changes: 
‘nectarine/flat peach’, 
’black 
currants/blueberries’ 
examples of dried 
fruit, nuts and seeds 

potatoes  potato stew potato and potato 
products queries were 
moved to vegetable 
section; examples of 
potato products   

vegetables consumption of onions, 
swede/rutabgo/yellow 
turnip, legumes 

seasonal consumption, 
tomato paste 
 

green beans and 
peas were 
disaggregated; 
reformulation of titles, 
endive/chicory’, 
‘roasted onion’, 
’roasted garlic’ 
‘surkaal’ (Norwegian-
specific sauerkraut), 
‘chard’,’ 
squash/courgette/egg 
plant’, ‘French beans’, 
‘crushed tomato’ 

rice, pasta and 
eggs 

other grains (e.g. 
couscous), 
 

 pasta and rice were 
disaggregated, 
reformulation of titles, 
wording changes 
‘omelette’ 

meat products   aggregation of boiled 
and fried sausages, 
country-specific 
examples of 
processed meat and 
dry and cured meat 

meat venison   
fish country-specific examples 

of fatty fish, lean fish, fish 
preparations, shell fish 

any other fish 
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Table A-1: continued. 
 

Table A-2: European Food Propensity (EFPQ) food items and corresponding number (no.) of 
discrete categories of the frequency of consumption. 
No. of discrete 
categories 

Food item of the European Food Propensity Questionnaire (EFPQ) 

4 liver 
5 pan-fried potatoes/French fries, sauerkraut, spinach/chard, cooked white 

cabbage/cauliflower/broccoli/stem cabbage, squash/zucchini/courgette/egg plant, green 
beans/French beans, vegetable soup, lentil-/pea-/bean soup, mixed vegetables, 
swede/rutabgo/yellow turnip, legumes, tomato sauce, ketchup, fried sausage, 
meatballs/hamburger patties/meatloaf, boiled sausage, pork, beef, venison, poultry, fatty 
fish, lean fish, fish preparations, shell fish, lasagne/ravioli/tortellini, tofu, pizza, 
pancakes/crepes, mixed dishes with meat, mixed dishes without meat 

6 dried fruit, carrots, raw pepper, rice, other grains (couscous, polenta, spelt, barely), pasta, 
egg (cooked or fried, omelette), liverwurst/liver paté, tart/pie, yeast cake and pastry, 
sponge cake/cake with cream or custard filling/cream pie/cheesecake, cake without filling, 
whipped cream, cookies/biscuits, chocolate and chocolate candy, sweets and candy, ice 
cream, pudding 

7 bread, rolls, buns (white or rye, multigrain, whole grain), muesli/cereals, hot 
cereals/porridge, crisp-bread (white or whole grain), cocoa/chocolate milk/fruit milk, plain 
yoghurt, sour milk/kefir, flavoured yoghurt, plain curd (quark)/curd with herbs, cream 
cheese/sour cream, whey cheese, soft cheese, semi-soft/firm cheese, 
mozzarella/mascarpone/feta, nuts, seeds, potatoes (boiled, mashed potatoes, potato 
dumplings, oven baked), tomatoes, light and dark green lettuce/endive/chicory/Chinese 
cabbage, white cabbage, cucumber, asparagus, dry sausage, 
jagdwurst/bologna/mortadella/ham, blood sausage/black pudding, dry-/cured meat, regular 
beer, stark beer, non-alcoholic beer, light beer, white wine, red wine, sparkling 
wine/champagne, liquor/aperitif, spirits, mixed beverages 

8 marmalade/jam/jelly/honey, milk, apple/pear. orange/mandarin/kiwi, banana, 
plum/peach/apricot/nectarine, strawberries, cherries, water melon/melon/cantaloupe 

11 mineral/tap water, regular sodas, ‘light’ soft-drinks, 100% fruit juices, fruit nectar and 
mixtures, coffee, decaffeinated coffee, tea (black or green), fruit and herbal tea (plain, with 
milk, with sugar, with dairy creamer, with sweetener, with honey), vegetable juice (carrot 
juice or other juices) 

food group food name other modifications 
 added deleted  
mixed dishes mixed dishes with meat, 

mixed dishes without 
meat 

broth, egg salad/meat 
salad, baked baguette 

wording changes: 
‘crêpes’ 

cakes  diabetic cakes and cookies portion size of 
whipped cream 

sweets sweets and candy 
 

  

water and soda ‘light’ soft drinks  wording changes: 
‘tap water’ 

juices 100% fruit juice orange/apple/black 
currant/grape/ 
cherry,/pineapple juice 

 

coffee and tea   Italian-specific 
portion sizes for 
coffee 

alcoholic 
beverages  

stark beer 
 

dessert wine, fruit wine wording change: 
light beer 

fats, sauces and 
salad additions 

sauce to pasta and rice, 
vinegar 

linseed oil, vegetable 
cooking fats 

addition of very low 
fat content, 
reformulation of oils, 
wording changes: 
‘remoulade’ 
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Figure A-1: Exemplified page of the European Food Propensity Questionnaire (EFPQ), 

German version, used in the dietary assessment of the IDAMES pilot study 2009 (source: 

https://nugo.dife.de/efbo/portal/en). 
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Table A-3: Percentages [number] of the three 24-hour dietary recalls (24-HDRs), by study 
IDAMES pilot study 2009 (n=261). 

  1. 24HDR 2. 24HDR 3. 24HDR 

EPIC-San Sebastian†   

(n=55) 

92.7 [51] 78.2 [43] 58.2 [32] 

EPIC-Florence (n=50) 100.0 [50] 98.0 [49] 98.0 [49] 

EPIC-Potsdam (n=56) 98.2 [55] 98.2 [55] 94.6 [53] 

EGC (n=70) 100.0 [70] 98.6 [69] 97.1 [68] 

NOWAC (n=30)  86.7 [26] 83.3 [25] 76.7 [23] 

Data are % [n]  
Abbreviation: 24-HDRs: (24-hour dietary recalls)  
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Description of the dietary data preparation 
In the EPIC-SOFT software the dietary items (foods, beverages and recipes) are 

automatically coded with country-specific EPIC-SOFT codes and classified into 

standardized EPIC-SOFT groups and subgroups. For the present data preparation, a 3-

step-procedure has been performed to assign the reported country-specific dietary items 

from the 24-HDRs to the EFPQ food items: (1) English translation of the country-specific 

dietary items; (2) assignment of overall codes to the country-specific EPIC-SOFT codes; 

(3) assignment of the overall codes to a corresponding EFPQ food item.  

 

Step 1 und 2 have been performed for all foods, beverages and recipes reported in the 

24-HDRs. For Step 2, an existing table compiling British, Spanish, Italian and German 

EPIC-SOFT codes was provided by the Dietary Exposure Group (DEX) of the 

International Agency for Research on Cancer (IARC), Lyon, France. Data of this table has 

been completed, verified and inconsistencies were corrected. For the overall codes, the 

British EPIC-SOFT codes were taken as reference because of their completeness. 

Additional new overall codes were inputted for those country-specific foods, beverages 

and recipes that could not be assigned to an already existing British EPIC-SOFT code. 

Exemplified extracts of the table for foods and recipes can be seen in the table A-4 and A-

6. Steps 2 and 3 have been performed using statistical software SAS (Statistical Analysis 

System), Version 9.13 (SAS Institute, Cary, NC, USA). Data integrity checks have been 

made by running the completely coded data through the programs to detect coding errors, 

misinterpretations and inconsistencies. The complete dietary data preparation was 

performed during October 2009 and April 2010 together with the data manager from the 

department of Epidemiology of the German Institute of Human Nutrition Mrs Ellen 

Kohlsdorf. 
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Table A-4: Assignment of overall codes* to country-specific coded dietary items, exemplified assignment of potatoes and potato products, 
preparation of the dietary data assessed in the IDAMES pilot study 2009. 

Group Subgroup 1 Subgroup 2 01 01    POTATOES ENG Italy Spain GER NOR
01 01 Potato n.s. 1 1 1 1
01 01 Potato waffle 3 4
01 01 Potato, new 6 4 ? 2 3
01 01 Potato, old 7 2146 3 2
01 01 Potato chips, commercial n.s. 8
01 01 Potato chips, commercial, thin cut 4
01 01 Potato chips, commercial, normal cut 2478 1285 3 7
01 01 Potato chips, oven 14
01 01 Potato chips, microwave 255
01 01 Potato croquette 11 1 5 4 10
01 01 Potato products n.s. 2348 1651
01 01 Rosti 2349 2 14
01 01 Potato dauphine 8
01 01 Potato duchesse
01 01 Potato noisette
01 01 Potato dumpling n.s. 5001 5
01 01 Dumplings Thueringer 6
01 01 Dumplings, filled with fruit 7
01 01 Potato fritters 5002 9

EPIC-SOFT-groups and subgroups country-specific coded dietary items

 
* overall codes were determined as British codes (ENG), new overall codes were marked in yellow  
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Table A-5: Assignment of overall codes* to country-specific coded dietary items, assignment of recipes based on beef, preparation of the 
dietary data assessed in the IDAMES pilot study 2009. 

Name of recipe
ENG Italy Spain GER NOR

Rollade, beef 6001 3
0002 01 01 Meat loaf 6002 3 6002

Meatballs in creamy sauce 6003 193
Meatballs in tomato sauce 6070 5
Bic Mac 6004 41

0008 01 01 Beef stew with vegetables 8 78
0016 01 01 Beef stirfry 16 30
0017 01 01 Irish stew 17 84
0018 01 01 Lamb stew/Navarin of lamb with vegetables 18 73

Goulash 67 40 26
0067 01 01 Goulash,pork 6062 13
0067 01 01 Goulash,beef 67 5
0087 01 01 Beef stew with onion 87 188

Meat pie, mince and onion, 2 crust 88
Pork, chopped 6005 6005
Soup, oxtail
Doener 6006 198

0205 01 01 Bolognaise sauce, meat (sauce only) 205 59
0207 01 01 Chilli con carne (meat sauce only) 207 130
0209 01 01 Stuffing/filling for vegetables, meat based 209 59

Pork and bean/lentil casserole/stew 210
Beef, roast 6063 121
Rollade, cabbage filled with minced meat 6065 58

country-specific coded dietary itemsEPIC-SOFT groups and subgroups

 
* overall codes were determined as British codes (ENG), new overall codes were marked in yellow 
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Description of the Multiple Source Method (MSM)-Method 

The premise of the MSM-Method is that usual intake of an individual is equal to the 

individual probability of consumption on a randomly selected 24-HDR-day times the 

average usual food intake consumed of an individual on a 24-HDR-consumption day. A 

three-part model is used that is described with respect to the present study, as follows. 

 

In part 1, the individual probability of consuming a food item of the EFPQ on a randomly 

selected 24-HDR-day (pi
*) is estimated by a logistic regression model. An indicator 

variable pij is defined that is equal to one, if individual i consumed the considered food item 

on day j in one of the repeat 24-HDRs of this study and equal to zero otherwise, following 

the equation:  

Equation (1): ijZiij rmp +=  

Z denotes the set of covariates assuming to be predictive for pij, mi/Z denotes the model 

prediction for the consumption probability of individual i and rij is the corresponding 

residual (-1 ≤≤ ijr  1). Next, the corresponding residuals are transformed to the real 

numbers. Thereby, the function g(r) = log ((1+r)/(1-r)) is used yielding to the 

decomposition: 

Equation (2): ( ) ijiijij utrgx +==  

ti denotes the expected value for individual i and uij reflects the day-to-day variation in the 

food item consumption in the 24-HDR dietary data. ti and uij are independent from each 

other with variances 2
tσ  and 2

uσ , respectively. The variance of the expected value 2
tσ  is 

assumed to be equal over all individuals. Determining the mean .ix  for each individual i 

and calculating the corresponding variance 2
xσ  makes it possible to estimate the variance 

of ti, as follows: 

Equation (3): 
k

u
xt

2
22 ˆ

ˆˆ
σσσ −=  

Transformation of the corresponding residuals to real scale is used again allowing the 

estimation of the inter-individual and intra-individual variances. Residuals are shrunken by 

the quotient of inter-individual variance by intra-individual variance, back-transformed to 

the original scale and used to estimate the individual probability of consumption of an 

EFPQ item on a random day. k denotes the number of 24-HDRs per individual. The 

observed individual means .ix  are centred on the overall mean ..x , thus reducing the 

observed intra-individual variance to the estimated variance of consumption probability. 

As a consequence, the transformed residuals can be described by 
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Equation (4): [ ] .....ˆ

ˆˆ xxxt i
x

t
i +−=

σ
σ

 

In summary, part 1 of the MSM estimates the probability of consuming a food item of the 

EFPQ on a randomly selected 24-HDR-day for an individual i by  

 

Equation (5): ( )ibackZii tgmp ˆ* +=  

 

In the second part of the MSM-method the average usual EFPQ-food item intake Yi
*. of an 

individual i on a 24-HDR-consumption day is estimated as result of a linear regression 

model. Lets Yij be the observed intake of an EFPQ item for an individual i on a 

consumption day j (Yij>0). Further, let Z be the set of covariates assumed to be predictive 

for Yij that is the same as in part 1 of the MSM. Using linear regression to link Yij  to Z 

following equation is derived: 

 

Equation (6): ,ijZiij RMY +=  

 

where Mi/Z is the model prediction for the average usual amount of an EFPQ food item 

consumed on a 24-HDR-consumption-day and Rij the corresponding residual. Next, the 

residuals are transformed to normality by using a transformation function f from the two-

parameter Box-Cox transformation family  

 

Equation (7): ( ) ( )( )
( )




=+
≠−+=

−

0ln

01 1

τω
ττω τ

ifR

ifR
Rf  

 
where ω > -Rmin and τ is the reciprocal value of a positive integer. In the transformed 

scale, it is assumed that the classical measurement model is kept. 

 
Equation (8): ( ) ijiijij TRfX ε+==  

 
Here, Ti denotes the expected value for individual i and εij is the error term that includes 

both day-to-day variation in food item intake and random measurement error. Ti and εij are 

assumed to be independent with variances σT
2 and σε

2. σT
2 reflects the inter-individual 

variation in the transformed scale of residuals. σT
2 is estimated by estimating σε

2 and the 

variance 2
X

σ  of the individual’s means .iX  using the equation 



 

 XXX

 

[ ] .....ˆ

ˆˆ XXXT i

X

T
i +−=

σ
σ

Equation (9): 
kXT

2
22 ˆ

ˆˆ εσσσ −= . 

 

Similarly to the first part, k denotes the number of consumption days. The individual’s 
means .iX  are centred to the grand mean ..X  by reducing the observed variance to 2ˆTσ . 

The resulting quantities 

 

Equation (10): 

 

will be back-transformed to the original scale and added to the model prediction which 

results in an estimate of the usual EFPQ food item intake for individual i on a consumption 

day using the following equation: 

 
Equation (11): ( )ibackZi

*
i T̂fMY +=  

 
For the back-transformation an inverse function of f of the Box-Cox transformation 

integrated over the error distribution is used. 

 

Finally, in part 3 of the MSM the resulting quantities determined by equation (5) and (11). 

are multiplied by each other to estimate the usual intake of each EFPQ food item on all 

days at the individual level. Thus, the usual intake for an individual i on all days is 

estimated by multiplying Yi
* with pi

*.  

More details about the MSM are described elsewhere[40]. 
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Table A-6: Proportion of consumers of food descriptors of European Food Propensity Questionnaire (EFPQ/%) and median daily frequency of 
consumption (FC/d), in the total study population and by study centre, IDAMES pilot study 2009 (n=261). 
 % consumer of food items of the EFPQ1 (Median FC/d) 
 all 

(n=261)  
EPIC-San Sebastian 

(n=55) 
EPIC Florence 

(n=50) 
EPIC-Potsdam 

(n=56) 
EGC 

(n=70) 
NOWAC 
(n=30) 

additions to coffee and tea       
coffee with milk 41 (0.8) 49 (0.5) 46 (0.8) 27 (0.8) 50 (0.6) 23 (1.5) 
coffee with dairy creamer 22 (0.8) 2 (0.1) 0 (0.0) 46 (1.5) 43 (0.5) 0 (0.0) 
decaffeinated. coffee with milk 15 (0.0) 44 (<0.1) 8 (0.0) 9 (0.0) 4 (0.0) 13 (<0.1) 
black/green tea with sweetener 10 (0.3) 2 (2.8) 6 (1.5) 11 (0.4) 10 (0.1) 33 (0.2) 
fruit/herbal tea with sweetener 7 (0.8) 0 (0.0) 0 (0.0) 14 (1.5) 7 (0.1) 33 (0.5) 
coffee with sweetener 6 (0.8) 4 (0.1) 8 (1.1) 5 (0.8) 6 (0.8) 7 (1.1) 
black/green tea with milk 6 (0.1) 2 (<0.1) 6 (<0.1) 4 (0.4) 10 (0.1) 7 (0.6) 
decaffeinated. coffee with dairy 
creamer 

4 (0.0) 0 (0.0) 0 (0.0) 13 (0.0) 4 (0.0) 0 (0.0) 

decaffeinated. coffee with 
sweetener 

2 (0.0) 7 (0.3) 0 (0.0) 2 (0.0) 0 (0.0) 0 (0.0) 

fats, sauces and salad additions       
olive oil to cook m/f 87 (0.4) 100 (1.0) 100 (0.6) 77 (0.3) 73 (0.2) 97 (0.3) 
olive oil to salad 85 (0.4) 100 (0.8) 100 (1.0) 82 (0.3) 63 (0.1) 90 (0.3) 
vinegar to salad  84 (0.7) 98 (1.0) 92 (0.7) 89 (<0.1) 69 (0.3) 67 (0.3) 
olive oil to cook v 82 (0.4) 98 (1.0) 98 (0.8) 73 (0.3) 60 (0.3) 93 (0.4) 
other oils to cook m/f 77 (0.3) 42 (0.0) 72 (0.2) 88 (0.3) 80 (0.3) 87 (0.3) 
other oils to cook v 62 (0.2) 29 (0.0) 52 (0.1) 77 (0.3) 94 (0.3) 70 (0.3) 
mayonnaise to salad 59 (0.1) 56 (0.2) 42 (0.0) 41 (0.0) 91 (0.3) 47 (0.0) 
creme fraiche to salad 59 (0.1) 15 (0.0) 14 (0.0) 75 (0.2) 97 (0.3) 93 (0.2) 
other oils to salad 47 (0.0) 15 (0.0) 2 (0.0) 84 (0.3) 66 (0.2) 67 (0.2) 
butter to cook v 47 (0.0) 7 (0.0) 32 (0.0) 89 (0.3) 51 (0.1) 53 (0.1) 
butter to cook m/f  45 (0.0) 13 (0.0) 48 (0.0) 66 (0.1) 41 (0.0) 67 (0.2) 
yoghurt to salad  38 (0.0) 15 (0.0) 16 (0.0) 70 (0.2) 43 (0.0) 50 (0.1) 
margarine to cook m/f 37 (0.0) 9 (0.0) 8 (0.0) 71 (0.2) 31 (0.0) 17 (0.2) 
animal fat to cook m/f 35 (0.0) 9 (0.0) 28 (0.0) 57 (0.1) 51 (0.1) 87 (0.0) 
margarine to cook v 25 (0.0) 7 (0.0) 4 (0.0) 46 (0.0) 29 (0.0) 47 (0.0) 
animal fat to cook v 22 (0.0) 6 (0.0) 16 (0.0) 39 (0.0) 27 (0.0) 13 (0.0) 
Abbreviations: m/f: meat/fish; v: vegetables
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Figure A-2: Proportion of EPIC-SOFT-food groups in the amount of dietary items reported 
on the 24-hour dietary recalls (24-HDRs), but not captured by the EFPQ, EPIC-San 
Sebastian. 

 
Figure A-3: Proportion of EPIC-SOFT-food groups in the amount of dietary items on the 24-
hour dietary recalls (24-HDRs), but not captured by the EFPQ, EPIC-Florence. 
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Figure A-4: Proportion of EPIC-SOFT-food groups in the amount of dietary items reported 
on the 24-hour dietary recalls (24-HDRs), but not captured by the EFPQ, EPIC-Potsdam. 

 
Figure A-5: Proportion of EPIC-SOFT-food groups in the amount of dietary items reported 
on the 24-hour dietary recalls (24-HDRs), but not captured by the EFPQ, EGC. 
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Figure A-6: Proportion of EPIC-SOFT-food groups in the amount of dietary items reported 
on the 24-hour dietary recalls (24-HDRs), but not captured by the EFPQ, NOWAC. 
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Table A-7: Selected percentiles, mean, standard deviation (SD), skewness (Sk) and kurtosis (K) of the estimated usual intake distributions of 
EFPQ food items, using the MSM-method (g/day), IDAMES pilot study 2009 (n=241). 
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Table A-7: continued. 
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Table A-7: continued. 
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Table A-7: continued.  
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Table A-7: continued. 
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Table A-8: Intake of selected food items estimated by the EFPQ with uniform and centre-specific portion sizes (PS) and the MSM and differences 
between both methods: mean and standard deviation (SD), IDAMES pilot study 2007-2009 (n=241). 
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Table A-8: continued. 
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Table A-9: Food group intake (g/d) estimated by the European Food Propensity 
Questionnaire (EFPQ) with uniform and centre-specific portion sizes (PS) and the Multiple 
Source Method (MSM), IDAMES pilot study 2009 (n=241). 
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Figure A-7: Bland-Altman plot of the differences between dairy product intake from mean of 
the EFPQ with uniform portion sizes and MSM against the mean of the two for study 
participants of the IDAMES pilot study 2009 (------) 95% limits of agreement. 

 
Figure A-8: Bland-Altman plot of the differences between dairy product intake from mean of 
the EFPQ with centre-specific portion sizes and MSM against the mean of the two for study 
participants of the IDAMES pilot study 2009 (------) 95% limits of agreement. 
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Table A-10: Intake of selected food items estimated by the corrected EFPQ with uniform and centre-specific portion sizes (PS) and the MSM and 
differences between both methods: mean and standard deviation (SD), IDAMES pilot study 2007-2009 (n=241). 
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Table A-10: continued. 



 

 XLVI

 

Table A-10: continued. 
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