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I INTRODUCTION 

Nutritional epidemiology is the scientific domain that investigates the impact of nutrition on 

diseases in populations. Classical epidemiological methods based on case-control or cohort 

study designs can be used to investigate diet and disease relationships [1]. Out of nutritional 

epidemiological studies relative risks for diseases are derived. To provide a useful data base 

for the estimation of relative risks the applied exposure assessment tool needs to primarily 

detect heterogeneity of dietary behaviours in populations. Referring to this, rather 

homogenous dietary behaviours among study participants are of minor interest. Furthermore, 

since risk estimates are most often given for categories of dietary intake [2-5] the primary aim 

for the exposure assessment is the accurate discrimination between and ranking of study 

participants across the variation of intake, rather than the correct measurement of absolute 

amounts.  

The food frequency questionnaire (FFQ) has become due to its cost-effectiveness and 

suitability for self-administered use the primary dietary assessment tool in large-scale 

epidemiological studies [6]. It is commonly agreed that the FFQ is useful to both provide 

dietary information for the discrimination between and for the ranking of study participants. 

Nevertheless, in the context of a particular study a FFQ needs to be carefully developed to 

be an effective dietary assessment tool. Three elements of FFQ to concentrate on are the 

food item list, which is the most crucial, the incorporation of portion sizes and the use of 

summation questions. 

The EPIC (European Prospective Investigation into Cancer and Nutrition) - Potsdam study is 

a prospective study into diet and chronic diseases, especially cancer [7]. To assess the 

nutritional exposure during the baseline examination a comprehensive FFQ has been applied 

[8, 9]. FFQ were self-administered, but most often interviewer assistance for the completion 

of the forms was necessary in order to assure complete responses. Currently, the follow-up 

of study participants is underway which is predominantly used as a source to identify incident 

diseases [10].  

The prospective design of studies into diet and diseases that use active follow-up procedures 

provides the unique opportunity to obtain several dietary assessments over time for the 

reflection of long-term dietary exposure [11]. A further advantage of multiple assessments is 

that using the average of repeated measures reduced the impact of errors connected to 

completion of questionnaires [6, 12]. Such repeated dietary assessments can then be 

analysed in various statistical ways to reflect an individual’s dietary history [13]. However, 

originated from the context of prospective studies, which are most often large and have to be 

cost-effective, the valid repeated assessment of dietary behaviour during the follow-up is a 

methodological challenge. It is of importance that both total and partial non-response in FFQ 
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is largely precluded in order to minimize loss to follow-up that otherwise might not only 

reduce the power of the study but also introduce selection bias, if exclusion is 

disproportionately across groups of participants. 

In the EPIC-Potsdam study a repeated dietary assessment was planned to be incorporated 

into the third follow-up examination. For both logistic and cost reasons again a FFQ should 

be used. A mailed questionnaire generally must be short and simple to ensure a high 

response proportion and data of high quality within a questionnaire in solely self-

administered use [14]. Therefore the FFQ used at the baseline examination was judged not 

to be appropriate to allow for the altered approach of data collection. A short and simple FFQ 

should be developed that still reflected variation in dietary behaviour and provided 

information to accurately discriminate between study participants and reflect their ranking.    

The doctoral thesis reflects the scientific issues being integral part of the development and 

evaluation of this new FFQ to be applied in the follow-up of the EPIC-Potsdam study. 
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1 OBJECTIVE 

The objectives of this investigation were the development and evaluation of a FFQ.  

Primary aim of the FFQ was to discriminate between and reflect ranking of study participants 

in nutrient and food intake in the EPIC-Potsdam study. With regard to this aim, analyses and 

decisions about the food item list, the incorporation of portion size information and the use of 

summation questions were taken.  

The development was necessary to assure a high response proportion and completeness of 

the FFQ in solely self-administered use.  

 

2 ASPECTS OF FFQ IN THE LITERATURE 

An appropriate exposure assessment is crucial to nutritional epidemiology. A manifold 

methodology exists that is still matter of investigation and discussion [15]. Direct and indirect 

assessments of food intake as well as anthropometric or biological measurements serve to 

characterize nutritional exposure [16-19]. 

The FFQ, belonging to the group of retrospective dietary assessments, has become the 

primary instrument in large-scale epidemiological studies. The rationale underlying the food 

frequency approach is that average long-term diet rather than intake on single days is the 

conceptually important exposure [6]. 

 

2.1 APPLICATION AREA OF FFQ 

For the estimation of disease risks in epidemiological studies the degree of misclassification 

of subjects with regard to his or her true dietary intake is of more importance than the 

quantitative values categories are based upon [16]. Less precise methods to locate 

individuals in broad categories according to their intake are often judged to be sufficient for 

epidemiological analyses [20]. Estimating disease risks by comparing the highest to the 

lowest category of intake is a common way of proceeding [21]. Therefore, the dietary 

assessment instrument should enable the discrimination of study participants regarding their 

diets rather than the measurement of absolute intakes. 

The FFQ is best used to assess the ranking of subjects within a population by their long-term 

dietary intake. FFQ data are commonly judged to be appropriate for the discrimination of 

study participants according to their habitual food or nutrient intake [16, 22]. The ability of a 

FFQ to measure quantities of consumed foods and nutrients still is a matter of discussion, 

but most investigators agree that the assessed levels of intake are rather approximations 

than accurate measurements. However, to use FFQ for measurements of absolute intake, 
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internal standardization studies taking a detailed dietary measure in a subgroup of the whole 

study population are recommended [21, 23, 24]. The 24-hour recall (24HR) is a commonly 

used tool for detailed dietary assessments on the individual level. In 24HR respondents are 

inquired about their food and beverages consumption during the previous 24 hours, usually 

starting with the last meal before the interview [18], or they are asked about food intake 

during the previous day [6]. 

 

2.2 THE DEVELOPMENT OF FFQ 

It is common to create a new questionnaire by adapting an already existing one [25-32], but 

FFQ are also developed from basic principles [33, 34]. A recent review about the 

development of FFQ revealed that 54% of FFQ in validation studies were adapted from an 

existing FFQ [35]. Two FFQ were used predominantly for adaptations: the National Cancer 

Institute /Block Health Habits and History Questionnaire [36] (25 % of adaptations) and the 

Harvard Semiquantitative Food Frequency Questionnaire [37] (27 % of adaptations). 

A FFQ asks respondents about usual food and beverage consumption during a defined 

period in the recent past. The basic FFQ consists of a food item list and a frequency scale, 

inquiring about usual frequency of consumption of the foods included in the food list. As a 

further element the assessment of consumed amounts, i.e. individual portion sizes, can be 

optionally included. Questions about general consumption patterns, called summation 

questions, might also be used. 

 

2.2.1 THE FOOD ITEM LIST 

Necessary limitations of FFQ size prevent including all food items contributing to the intake of 

target nutrients. The question arises as to which food items should be included and how to 

judge the adequacy of the selected items. For a food item to be informative in respect of the 

discrimination of study participants it firstly must be eaten reasonably often by an appreciable 

number of individuals, it secondly has to have a substantial content of the target nutrients 

and thirdly the use of the food must vary among subjects. However, if the focus of the study 

would not be the derivation of disease risks, but for example classifying study participants 

with respect to meeting dietary recommendations [38], obtaining a quantitative measurement 

of dietary intake would be necessary.  

Accordingly, two different concepts of data-based procedures to construct food item lists 

have been established during the past years: the approaches focussing on the explanation of 

variance in intake (“variance explaining analysis”) and the analyses focussing on the 

absolute contribution to intake (“contribution analysis”). Both approaches take use of existing 
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dietary data for populations as source to identify the most informative foods. The adequacy 

of the source data for the target population of the FFQ is of importance [16, 18]. 

 

“variance explaining analysis”  

Willett and colleagues calculated the contribution of each food item to inter-individual 

variation in the targeted nutrient intake as a basis for the selection of informative foods [33]. 

Stepwise regression approaches were applied to dietary intake data to identify those foods 

explaining most of the variance in nutrient intake. In the regression the overall nutrient intake 

as the dependent variable was predicted by nutrient intakes through the single food items as 

independent variables. The coefficient of determination (R2) was the criterion statistic to 

decide about the importance of food items. Usually the group of food items explaining at 

least 80 % of variance in overall nutrient intake were selected (R2 ≥ 0.8). The by stepwise 

regression selected items fulfilled the criteria of being often used by a group of individuals, of 

containing the target nutrient and of being variedly used between study participants.  

The question of how many foods might minimally be required to estimate nutrient intakes led 

Byers et al. to the application of stepwise regression procedures to data of a 128-item FFQ 

[39]. Analyses revealed that in order to explain 90 % of variance in intake, five foods were 

required for vitamin A, eight for vitamin C, 17 for fat, 18 for dietary fibre, 19 for protein and 21 

for total calories. Thus the stepwise regression approach was useful to shorten a 

comprehensive food list and identify key foods for single nutrients. 

Another statistical selection method already implemented is a computer algorithm called 

Max_r [40, 41]. A given, preferably small number of food items that maximizes the correlation 

coefficient with nutrient intake based on all food items is identified. Hence, this approach also 

accounts for inter-individual variability in dietary habits. Both approaches, the stepwise 

regression and Max_r, if compared with respect to selected items, lead to similar results [6, 

42]. 
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Table I-1: FFQ developments using stepwise regression 
 
Author, 
year 

Country  Source 
data 

Target nutrients R2 No. of 
selected 
food items

Willett et 
al., 1985 
[33] 

USA 99-item 
FFQ 

Protein, animal fat, vegetable fat, saturated fatty 
acids, oleic acid, cholesterol, total 
carbohydrates, sucrose, dietary and crude fibre, 
carotene, preformed vitamin A, vitamins B6, C, 
E, methionine 

 61 

Overvad 
et al., 
1991 [34] 

Denmark Dietary 
history 
survey 
data 

Energy, protein, fat, saturated, 
monounsaturated, polyunsaturated fatty acids, 
cholesterol, carbohydrates, sugar, dietary fibre, 
vitamins A, E, C, β-carotene, calcium, 
phosphorus, magnesium, iron 

>0.9 92 

Decarli et 
al., 1994 
[43] 

Italy 146-item 
FFQ 

Energy, protein, lipids, carbohydrates, starches, 
cholesterol, alcohol, calcium, vitamin B1, retinol, 
vitamin C, nitrates, nitrites, α-tocopherol, β-
carotene 

>0.75 

>0.9 

83 

56 

Wakai et 
al., 1999 
[44] 

Japan 1-day 
dietary 
records 

Energy, protein, fat, carbohydrates, calcium, 
iron, potassium, vitamin A, retinol, carotene, 
vitamin D, saturated, monounsaturated, 
polyunsaturated fatty acids, cholesterol, vitamin 
E, dietary fibre, magnesium, zinc, isoleucine, 
leucine, tryptophan, valine 

>0.8 97 

Shahar et 
al., 2003 
[45] 

Israel 24HR 27 nutrients including energy, folic acid, 
calcium, vitamin E, dietary fibre 

> 0.8 126 

 

The stepwise regression analysis has been widely used for the development of FFQ (table I-

1). The first version of the Harvard Semiquantitative Food Frequency Questionnaire (Willett-

FFQ) has been developed for the use in the Nurses’ Health Study [33]. The selection of 

foods to compile the food item list for this FFQ was conducted following the aim to categorize 

individuals by their intake of selected nutrients that were hypothesized to affect the 

occurrence of heart disease and cancer. With the experience of a dietician an initial list of 99 

food items was constructed. After having applied this questionnaire to a group of women 

stepwise regression was used to identify the most informative items that should be included 

in the final version of the FFQ. Finally 61 food items were selected. This version of the FFQ 

was further advanced by creating individual questions out of initially collapsed items, by 

eliminating food items infrequently eaten, by finding additional food items to be informative in 

the target population on the basis of dietary record data and by respecting several additional 

nutrients in the analyses [37, 46]. The FFQ afterwards included 116 items, and later 131 

items [47, 48].  

Overvad et al. [34] developed a FFQ to be used in a prospective study on diet and cancer in 

Denmark. Data obtained in a nationwide dietary survey were used as underlying source of 

information about dietary habits. Dietary history data covered 247 single foods and recipes. 
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Intake of 19 nutrients was aimed at to be reflected by the questionnaire. Stepwise linear 

regression models were calculated to identify those food items, explaining at least 90 % of 

variance in nutrient intakes. Taken all models together a total of 74 foods and recipes was 

selected. Stratification of the models by gender and by tertiles of energy intake identified 

another eight foods and recipes to be important. Finally the food item list for the new FFQ 

comprised 92 foods and recipes.  

Reduced dietary questionnaires were designed to assess the mediterranean diet in 

epidemiological studies [43]. Data obtained by a 146-item FFQ in a multi-centre case-control 

study into diet and gastric cancer in Italy were used as the underlying source data. The full 

list was reduced in advance to include only those food items contributing at least 1 % of total 

nutrient intake in the study population. While applying a forward stepwise selection 

procedure, sex, geographical area and age were forced into each model. Food item lists 

explaining either 75 % or 90 % of variance in nutrient intake were compiled. Eighty-three 

food items explained 90 % of variance in nutrient intake and 56 food items were needed to 

account for 75 % of variance in intake of the targeted nutrients. Based on this analysis a FFQ 

was developed that was comprised of 77 food items, including some items due to 

hypotheses of interest rather in foods than nutrients [49]. 

Wakai et al. [44] developed a FFQ for Japanese diets. One-day dietary records were 

obtained from about 1000 men and women as initial data source to select important food 

items. Forward stepwise regression procedures were performed and those foods explaining 

at least 80 % of variance in nutrient intake were considered eligible for the FFQ. This 

analysis selected 209 items for all 24 nutrients. After combination of similar foods into one 

item and decision about the elimination of some foods, that were rarely consumed in the 

study population, 97 foods or dishes were included in the final questionnaire. 

A 126-item FFQ was developed for older people in Israel [45]. As source data 377 24HR 

were used. After combination of single items due to similarities in nutrient content and 

consumption patterns stepwise regression was used to select the most informative ones to 

reflect intake of 27 nutrients.  

 

“Contribution analysis” 

Block and colleagues [36] suggested the “contribution analysis”, a procedure in which 

informative foods were selected based on their average percentage contribution to absolute 

nutrient intake in a target population. Food items out of a comprehensive item list were 

ranked according to their mean contribution to nutrient intake in the study population. Those 

food items contributing highest percentages of important nutrients were subsequently 
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selected as the most preferred ones. Usually lists covering between 70 % and 90 % of 

nutrient intake were compiled.  

Block et al. developed the Block Health Habits and History Questionnaire (table I-2), that 

included a self-administered diet history questionnaire [48]. Data obtained in the Second 

National Health and Nutrition Examination Survey (NHANES II) were used as underlying 

source for calculations [50, 51]. The instrument was designed with the intention to cover 

both, the ability to rank study participants and the ability to quantify their intake accurately. It 

should represent individuals’ diets, be brief, be capable to assess intake of nutrients and 

foods, cover a wide range of nutrients and be suitable for a variety of demographic groups. 

Therefore, food intake data obtained by 24HR in the NHANES II survey that covered a large 

number of single foods, were grouped according to similarities into 147 items. These items 

were ranked according to their percentage contribution to intake of 18 nutrients. Thus rank 

order took into account the absolute nutrient contribution and the frequency of consumption 

in the survey population. The final list of 98 items selected represented 93 % of the 

population’s intake of energy, 96 % of vitamin A and of vitamin C, 95 % of total fat and at 

least 90 % of the other nutrients.  

The initial Block Health Habits and History Questionnaire was improved by Subar et al. [52]. 

The food item list was updated using recent national survey data obtained in the Continuing 

Survey of Food Intakes by Individuals (CSFII) in which a nationally representative sample of 

non-institutionalised individuals was interviewed during 1994 to 1996. Reported foods were 

grouped into 182 food groups similar to those usable in a FFQ. Of these foods, 124 were 

selected to be included in the American Association of Retired Persons FFQ [53]. These 

foods covered at lest 90 % of intake of the nine target nutrients. The list of 124 separate food 

items was extended embedding questions about related factors such as seasonal intake.  

Block et al. [54] further developed a screener, i.e. a very short questionnaire covering only a 

few items, to identify a group of individuals whose mean fat intake was high. Again data of 

the NHANES II survey were used to identify important items [50]. A 13-item list was 

constructed. 

Data of the NHANES II survey [50] were also used by Hebert et al. [55] to develop a FFQ to 

be used in a low-fat maintenance trial. The 102 items to comprise the food list represented 

87 % of total energy intake and 97 % of total fat intake in Americans’ diets. 
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Table I-2: FFQ developments using the „contribution analysis“ according to Block 
 
Author, 
year 

Country  Source data Target nutrients % 
contribution 
to intake 

No. of 
selected 
food 
items 

Block et 
al., 1986 
[36] 

USA 24HR 
survey data 
(NHANES 
II) 

Energy, protein, total fat, 
carbohydrates, calcium, 
phosphorus, iron, sodium, 
potassium, vitamin A, vitamin B1, 
B2, niacin, vitamin C, saturated 
fatty acids, oleic acid, linoleic acid, 
cholesterol 

90 – 96 % 98 

Subar et 
al., 2000 
[53] 

USA 24HR 
survey data 
(CSF II) 

Energy, fat, percentage of energy 
from fat, vitamin C, β-carotene, 
dietary fibre, vitamin A, calcium, 
vitamin E 

>90 % 124 

Block et 
al., 1989 
[54] 

USA 24HR 
survey data 
(NHANES 
II) 

Percent of energy from fat  13 

Hebert et 
al., 1998 
[55] 

USA 24HR 
survey data 
(NHANES 
II) 

Energy, fat, saturated, 
monounsaturated, polyunsaturated 
fatty acids 

> 87 % 102 

Tsubono 
et al., 
1996 [56] 

Japan 3-day 
weighed 
food 
records 

Energy, protein, lipid, 
carbohydrates, calcium, 
phosphorus, iron, sodium, 
potassium, retinol, carotene, niacin, 
vitamin C, B1, B2 

> 80 % 138 

Date et 
al., 1996 
[57] 

Japan 24HR Energy, protein, fat, vitamin A, 
sodium 

> 95 % 122 

Borrud et 
al. 1989 
[58] 

USA 24HR Fat, vitamin A, vitamin C > 74.4 % 74 

Van 
Assema et 
al., 1992 
[59] 

The 
Netherlands 

 Fat  25 

 

The method has further been applied by different investigators taking different population 

based data sources. Weighed food records obtained over three consecutive days among 

random samples in public health centres in Japan have been used to develop a FFQ for 

Japanese populations [56]. To select important food items for the intake of 15 nutrients 335 

records obtained during 1989 to 1991 were used. With the aim to cover 80 % of intake of 15 

nutrients a total of 138 food items and 14 supplementary questions on aspects of diet have 

been identified. Another FFQ to be applied to Japanese was developed using 24HR from a 

randomly selected group of a census sample in 1991 and 1992 [57]. Total energy, protein, 

fat, vitamin A and sodium were the nutrients in focus. The initially reported foods and recipes 
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were grouped in several consecutive steps and ranked according to nutrient contribution. 

Finally a list of 122 food items was constructed that covered 95 % of all nutrient intakes. 

Van Assema et al. [59] developed a short telephone-administered questionnaire to assess fat 

consumption. Those 25 foods having the highest contribution to total fat intake in the Dutch 

population were selected.  

Borrud et al. [58] attempted to identify items for a food list that accounted for differences in 

food consumption among ethnic groups. The nutrients fat, vitamin A and vitamin C should be 

assessed. They conducted 24HR interviews among a sample of the population that covered 

the different ethnic groups the FFQ was targeted at and found a diversity in food 

consumption across groups. Foods were ranked according to their percentage contribution to 

total nutrient intake in the whole group and stratified by ethnic groups. 74 foods were 

selected from the overall list and 28 food items from the stratified lists. The 74 foods 

accounted for approximately 74 % of fat intake, 83 % of vitamin A and 85 % of vitamin C 

intake in the total population.  

 

2.2.2 PORTION SIZE INFORMATION 

Although questions about portion sizes in FFQ are optional, at least a reference amount is 

necessary in order to calculate daily intake of nutrients or foods. In general, there are two 

possibilities to cope with this problem. One approach is to ask participants about usually 

consumed amounts within the questionnaire. The other possibility is to only ask for the 

frequency of consumption of the foods in the food item list, omitting portion size questions, 

and to assign a predefined portion size in the calculations [6]. 

Obtaining individual portion size information in FFQ seems to be difficult. Research indicates 

that the concept of “a usual portion size” can be doubted [60] and that study participants 

have difficulties to estimate portion sizes [61]. 

Nevertheless, there are methods to inquire about portion sizes in FFQ. Average portion sizes 

can be asked in separate questions (“How often did you eat apples?” and “What was the 

usual portion size? 0.5, 1 etc.”). A further method is the design of semiquantitative FFQ, in 

which portion sizes are incorporated into the question about the consumption frequency of 

the food item itself (“How often did you eat one apple?”) [6]. 

In semiquantitative FFQ or in the case of inquiring for consumption frequency only, assigned 

portion sizes have to be used in the analysis. The assigned portion sizes can either be the 

same for all subjects [62, 63] or they can be chosen specifically for men and women or age 

groups, because consumed amounts differ by age and gender [36, 54, 64]. 



INTRODUCTION   18 

None of the depicted methods has established itself throughout the development of FFQ. 

There are FFQ asking only for frequency of intake [26, 62, 65-67], FFQ including portion 

sizes into each question [33, 47, 68, 69] and others using variable portion sizes [43, 70-72]. 

To illustrate portion sizes sometimes household measures or natural units are applied [73], 

pictures or photographs are used [34, 49, 57, 71, 74] or even three dimensional food models 

are available when FFQ are administered by an interviewer [55]. It is also sometimes 

common to ask study participants to indicate a relative portion size like “small”, “medium” or 

“large” [36, 43, 54, 75]. The illustration of ranges of portion sizes like “less than one cup”, 

“one cup” or “more than one cup” has also been introduced by investigators [52]. A mixture of 

methods is used as especially for the semiquantitative style a standard amount is sometimes 

difficult to describe so that investigators decide to omit portion size information in these 

cases [44, 59, 76] or choose variable portion sizes in addition to a frequency only section 

[77]. 

A recent review about FFQ found 22 % of FFQ to omit portion size information, 42 % of FFQ 

to specify a portion size (semiquantitative) and 36 % of FFQ to allow participants to describe 

individual portion sizes [35]. 

 

2.2.3 SUMMATION QUESTIONS 

It has been shown that long food item lists asking a lot of single questions about foods 

belonging to a broader group, such as fruit or vegetables, lead to an overestimation of food 

intake [35, 68, 71]. It seems that the degree of overestimation depends on the food group in 

focus so that this phenomenon cannot be attributed to each long item list. Fruit and 

vegetables for instance, denoting a food group whose consumption is related to social 

desirability [68], are subject to overestimation in long lists most often. 

One possibility to cope with this issue is the use of summation questions to derive correction 

factors for the calculation of consumed amounts. Block et al. introduced such summation 

questions in a FFQ, that are widely used in the meantime [72, 74, 78, 79]. Frijs and co-

workers [26] included summation questions in their FFQ and if the sum of the single items 

exceeded the overall estimate, data were corrected. The corrections were especially 

necessary for meat, poultry, fish, vegetables, potatoes and fruit. 

A different possibility to include such summation questions into food item lists is to inquire 

about the exact frequency of intake for a broader food group and ask for proportional 

frequencies of intake of items belonging to the broader category [80]. In addition, 

investigators tried to develop short questionnaires assessing fruit and vegetable intake to 

conquer the problem of overestimation taking long single item lists [81]. 
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A further source of erroneous estimations of consumption frequencies is the variation of 

consumption across seasons [82]. Taking seasonal consumption of fruits and vegetables into 

account is a further procedure to simplify FFQ data. Here, intake frequencies only for the 

months a food item is in season are obtained. Intake frequencies are extrapolated in 

calculations to estimate the use all over the year [70]. 

 

2.3 DATA QUALITY IN FFQ 

In order to obtain valid exposure information FFQ should ideally be completed with a 

minimum number of missing values. To prevent blank responses is the best solution. Forms 

can be reviewed immediately after being filled in and missed items can be completed by 

asking participants in person [6]. However, such retrospective requests are expensive and 

time consuming. Especially when questionnaires are applied solely self-administered via mail 

delivery to a large group of study participants this proceeding is extremely difficult. Therefore 

the partial non-response should be prevented as far as possible by the design of the 

questionnaire itself. 

Usually questions in FFQ were presented along horizontal axes. Grid-formats were used 

denoting frequencies of intake once per page covering all food items inquired about on this 

page [16]. In order to develop questionnaires that should be easier to fill in for example for 

youths and adolescents or for older persons investigators changed from the horizontal to a 

vertical presentation [30, 83, 84]. Applying this style, each food item had its own frequency 

scale without using a grid-format. 

Nevertheless, partial non-response in FFQ occurs and investigators have to cope with this 

problem somehow. Besides retrospective requests there are basically two methods to handle 

missing data. Exclusion criteria based on FFQ data quality can be defined or missing values 

can be replaced by either “null consumption” or other values like mean or median 

frequencies [85-87].  

Exclusion criteria depend on the length of a questionnaire [69, 84, 88], for example 10 or 

more missing values have been used as cut-off points to exclude FFQ from analyses [33, 89-

92]. The exclusion, however, can cause a different even more profound problem, if the 

occurrence of missing values is associated with participants’ characteristics. Especially in 

prospective studies with repeated nutritional assessments the exclusion is crucial if the loss 

of participants increases with time. If exclusion criteria will lead to a disproportionate 

exclusion of participants from the analysis, this is a source of profound bias and risk 

estimates may become invalid. 
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To replace missing values by “null consumption” to some investigators seemed reasonable 

as about 50% of omitted items corresponded to very rare consumption [69, 72, 85, 88, 93-

95]. Yet, this procedure is questionable if whole pages in questionnaires are omitted. Is the 

complete information of one page missing it is unreasonable to think that the study 

participant in fact does not eat all of these foods. Other investigators showed that the effect 

of missing data on nutrient intake estimates seemed to be modest [85, 93]. However, if not 

nutrients but food items should be analysed missing of data might be profound.  

 

2.4 EVALUATION OF FFQ  

After the development of a FFQ its performance has to be evaluated. For this purpose most 

often reproducibility and validity of FFQ are assessed. Reproducibility describes the 

consistency of questionnaire measurements on more than one administration to the same 

individuals, whereas the ability of a FFQ to measure accurately what it was designed to 

measure is termed as validity [6, 96]. 

When a FFQ is applied a second time after a while it is most likely to obtain results that differ 

from the initial FFQ application. The differences vary depending on the length of the time-

interval between the two administrations. If the interval is short, participants might still 

remember what they filled in the previous time. A longer time-interval on the other hand 

might cover true changes in dietary behaviour that lead to falsely decreased measurements 

of reproducibility. A reproducibility coefficient therefore provides an estimate of a lower limit 

of consistency [6]. However, the partitioning between true changes in dietary behaviour and 

measurement error, i.e. low reproducibility, is difficult [97]. 

The time-interval between two FFQ administrations to investigate FFQ reproducibility has 

been variedly chosen. Most often in connection with validity studies the interval was one year 

[26-28, 44, 65, 98, 99], but also shorter periods like a couple of weeks [100-104] or months 

[62, 105-107], or longer periods like a couple of years [67] have been investigated. 

Often correlation coefficients between two FFQ administrations for nutrient intake are 

calculated and lie within a range from 0.5 to 0.7 for the most nutrients. Nevertheless, low 

correlation coefficients of about 0.1 to 0.2 have been observed [67, 75, 108] and high 

coefficients above 0.9 are possible, too [95, 101, 106].  

The evaluation of FFQ validity is crucial after a new instrument is designed or a FFQ is 

applied within a new context. Validity is measured best by comparison to a “gold standard”. 

However, to find a perfect measure for dietary intake is impossible. Instead more accurate 

dietary assessment instruments are most often used in order to serve as a comparison that 

is judged to be superior. Due to the lack of a perfect comparison it is important that errors in 
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both assessment instruments are as independent as possible [6], which led investigators for 

example to the selection of biomarkers or prospective assessment methods for the validation 

of retrospective methods [109, 110]. 

A review [35] found 25 % of validation studies to have used weighed records, 26 % used 

food records or diaries not weighed, 22 % used 24HR, 6 % used diet history questionnaires 

and 12 % used another FFQ. 

 



MATERIAL AND METHODS   22 

II MATERIAL AND METHODS 

1 OVERVIEW 

For the development of the new FFQ (FFQ2002) to be used in the follow-up of the EPIC-

Potsdam study statistically based decisions were made concerning the constitution of the 

food item list, the inclusion of portion size information and the appropriateness of summation 

questions. The different sub-studies of the EPIC-Potsdam study were therefore analysed in 

advance. Figure II-1 gives an overview. 

The baseline dietary assessment, consisting of an overall application of the baseline FFQ 

(FFQ1994) and an internal calibration study using 24HR, were used as source data to select 

foods to compose the food item list in FFQ2002. Additionally, the overall application of FFQ1994 

at baseline provided data that were analysed regarding advantages of questions about 

portion sizes. The validation study which had been especially conducted to validate FFQ1994 

was used to evaluate the benefits of summation questions. 

After the development of FFQ2002 a comparison study was conducted in the year 2002 to 

evaluate FFQ2002 in comparison to FFQ1994. Performance of questionnaires was compared in 

respect of measurement of variation in diet, ranking of study participants and completeness 

of responses.  
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Figure II-1: Overview over source data for the development and evaluation of FFQ2002 
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2 STUDY DESIGN 

2.1 THE EPIC-POTSDAM STUDY 

The EPIC-Study is a multi-centre prospective study in Western Europe. Twenty-three study 

centres in 10 European countries take part [7, 111, 112]. EPIC-Potsdam along with EPIC-

Heidelberg is one of the two German cohorts contributing to the EPIC-Study.  

The population based cohort of EPIC-Potsdam is comprised of a total of 27,548 men and 

women of the city of Potsdam and adjacent municipalities. Enrolment of study participants 

took place between 1994 and 1998. The age range for men was 40 to 64 years and women 

were 35 to 64 years of age at recruitment. Details about the recruitment procedures have 

been reported elsewhere [113]. In brief, the recruitment of study participants was mainly 

based on random samples, periodically provided by registration offices during the time 

between August 1994 and September 1998. Initial invitation was delivered by mail, followed 

by a mailed reminder if subjects had not answered within two weeks after the first mailing. 

After agreement to participation, participants received a further mailing including two self-

administered questionnaires which were the FFQ1994 and a questionnaire covering other 

aspects of lifestyle. The completed questionnaires were taken to the study centre that has 

been especially established for the baseline assessments, where interviews and physical 

examinations lasting about 1.5 hours were performed by trained interviewers. Assessments 

at the study centre covered PC-guided interviews including medical anamnesis and physical 

examinations which were amongst others measurements of height, weight, waist - hip 

circumferences and blood pressure, and a blood specimen was taken from about 95 % of 

study participants [114, 115]. Body mass index (BMI) was calculated as measured body 

weight divided by squared body height (kg/m2). Approval for all study procedures was given 

by the Ethical Committee of the State of Brandenburg, Germany, and written informed 

consent was obtained from all study participants.  

Participation rate in Potsdam was 22.7 % on average. Over the entire study period, the 

participation rate declined from 56 % in 1994 to 32 % in 1995, 25 % in 1996, 23 % in 1997 

and 14 % in 1998. Nearly 50 % of study participants were recruited through the first mailing, 

35 % after the reminder mailing and 12 % were recruited through additional telephone 

contacts.  

The study participants are followed-up in an active manner [7, 10]. The biennial 

questionnaires, mainly used for the ascertainment of incident diseases as self-reports, are 

also used to update exposure information. In the third follow-up examination, begun in the 

year 2002, the new FFQ (FFQ2002) was applied. 

An internal standardization study was included into the EPIC-Potsdam baseline examination 

in order to obtain adequate data for a later calibration of the dietary intake data assessed by 
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FFQ1994. This was especially necessary in the context of the overall EPIC-Study to assure 

comparability between country specific FFQ on an absolute scale [116]. A computer assisted 

24HR (EPIC-Soft) was developed to assess detailed dietary intake data in the different study 

centres. The participants of the internal calibration study were recruited at the study centre 

‘by surprise’ when they came for their baseline examination [116]. The collection of single 

24HR data lasted for almost two years, from June 1996 to April 1998. 

Validation studies were conducted within the different country specific sub-cohorts 

participating in EPIC [117, 118]. The participants of the validation study for FFQ1994 were 

recruited from participants of the baseline examination of EPIC-Potsdam. Therefore women 

between 35 and 66 and men between 40 and 67 years of age were divided into 3 age- and 

sex-specific strata and in total 160 participants were recruited. The FFQ1994 was applied at 

both the beginning and the end of a one year period. In the meantime, validation study 

participants completed up to 12 EPIC-Soft 24HR, three per season [8]. 

 

2.2 THE EPIC-POTSDAM COMPARISON STUDY 

The comparison study for the evaluation of FFQ2002 in comparison to FFQ1994 was nested into 

the third follow-up examination of the EPIC-Potsdam study. Due to 398 deaths and 545 

withdrawals, 26,605 participants were still included in the study in the year 2002. Follow-up 

mailing was randomised across  1117 participants eligible to the third follow-up examination 

in the year 2002. The first 540 participants who returned the follow-up questionnaire that 

included FFQ2002 were mailed the FFQ1994 and asked to also fill this in. Prepaid return 

envelopes were enclosed. An incentive of  EUR 15 was announced for those who returned 

FFQ1994. Up to 2 phone calls were made to remind participants. Average time between 

applications of the two FFQ was 28 days. This time interval should assure that respondents 

not simply remembered what they filled in before (in FFQ2002) and that real dietary changes 

between the application of the two instruments were unlikely occurring [119]. 

To assure dietary data of high quality partial non-response in FFQ1994 and FFQ2002 was 

completed by retrospectively inquiring participants via telephone or, if necessary, mail about 

the missed food items.  

 

3 DIETARY ASSESSMENT INSTRUMENTS 

During the baseline examination two different dietary assessment instruments have been 

used, the baseline FFQ1994 and the EPIC-Soft 24HR in the calibration study sample.  
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3.1 THE BASELINE FOOD FREQUENCY QUESTIONNAIRE (FFQ1994) 

FFQ1994 was especially designed and validated for the use in EPIC-Germany [8, 9, 120, 121]. 

FFQ1994 is a self-administered and pre-coded questionnaire suitable for optical reading. 

Questions about portion sizes and consumption frequencies are included. It was judged to be 

important that total energy intake and the intake of a core list of nutrients and major food 

groups was validly calculated upon FFQ1994 consumption data [118]. The questionnaire 

considers the habitual consumption of all main foods during the year preceding its 

application.  

The composition of the food item list for FFQ1994 was based on data of the German National 

Nutrition Survey [122]. Herein 7-day dietary records had been collected from about 22,000 

subjects, and foods and dishes consumed by a group of 1000 participants were grouped into 

340 single food items and 25 food groups. Those food items contributing substantially to the 

consumption of one of the target food groups were chosen to be included in the FFQ1994 [9]. 

In the end FFQ1994 consisted of 148 food items accompanied by 36 questions about 

preparation methods and preferred fat content of products (such as dairy and meat). The 

ordering of food items was according to meal patterns. Seasonal use based on the number 

of months fresh fruit was available on the market was asked for fresh fruit and tomatoes. 

For each food item, participants were asked about average frequency of consumption and 

portion size during the previous year. Frequency of intake was measured using a scale out of 

ten categories ranging from “never”, “one time per month or less” to “five times per day or 

more”.  

Photographs or, if available, household measures were used to define portion sizes for each 

food item. Respondents were either asked whether their average portion size was half, the 

same, double or three times the amount shown (relative portion sizes), or respondents had to 

choose one out of three pictures showing different amounts of foods or dishes (absolute 

portion sizes). The latter were used to visualize small, medium and large portions. The actual 

portion sizes were derived from the representative German National Nutrition Survey [122].  

With the aim to account for potential overestimation of intake that might occur when subjects 

are asked about the consumption of a long list of single food items belonging to the same 

food group, summation questions were included into the questionnaire. Therefore, for the 

food groups bread, processed meat, meat, cheese, vegetables, fruits and soft drinks the 

general consumption frequency was inquired about [9]. 

The FFQ1994 was suitable for optical reading. Participants filled in the questionnaires at home 

self-administered and took them to the individual baseline examination at the study centre. 

FFQ1994 were checked and, if necessary, partial non-response was completed by directly 
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inquiring the study participant, thus providing complete and logically consistent dietary intake 

data [115]. 

Questions about most of the food items were arranged in a grid format in which consumption 

frequencies and portion sizes for a couple of items were denoted in the headings once per 

page (see appendix fig VIII-15 for an example). The whole questionnaire consisted of 27 

pages.   

In order to calculate nutrient intake upon reported food intake, a data base for the EPIC-

Potsdam Study, based on the German Food Code Version 2.3 [123] was especially 

constructed. Therefore the detailed information about food consumption obtained by 24HR 

was used. Those foods reported in the 24HR were assigned, whenever possible, to an 

adequate food item in the FFQ1994. On the other hand, those foods reported in the 24HR 

were assigned to foods included in the German Food Code. The nutrient content of food 

items included in FFQ1994 were afterwards calculated as a weighted average of all foods in 

the 24HR which were allocated to the specific food item in the FFQ1994. Nutrient intake of 

study participants was then computed by multiplying frequency of intake, portion size and 

nutrient content. 

 

3.2 24HOUR-DIETARY RECALL EPIC-SOFT 

EPIC-Soft is a computer assisted interactive 24HR [116]. The dietary assessment instrument 

is based upon a comprehensive predefined list of about 1500 to 2200 foods and 150 to 350 

mixed recipes depending on habits in the participating countries in EPIC. Study participants 

are asked about their food consumption the previous day in a very detailed manner by an 

interviewer. They can either choose out of the food item lists, choose given recipes or give 

details about their cooked recipes. New foods and dishes can be added any time. A picture 

book providing different photographed portion sizes for various foods and dishes 

accompanied the EPIC-Soft program. Household measure, rulers and drawings for slices of 

bread are added to allow accurate estimation of consumed amounts. Detailed descriptions of 

the software and the standardization across participating countries were given elsewhere 

[124-126]. 

 

4 STUDY POPULATIONS 

For the various statistical analyses in this investigation, sub-studies of the EPIC-Potsdam 

study were used with the application of different exclusion criteria (Figure II-1). 
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4.1 COHORT STUDY POPULATION 

Out of the whole EPIC-Potsdam cohort that took part in the baseline examination, those 

without FFQ1994 at baseline and those reporting implausible energy intake were excluded (n = 

17, n=117). Energy intake was judged not reliable if it was less than 800 kcal per day (3348.8 

kJ) or exceeded 6000 kcal per day (25,116 kJ). Dietary data of 27,425 study participants, 

16,556 women and 10,869 men, were available. These data were used for all calculations 

conducted to select food items for the FFQ2002 food list. 

In the course of this work 11 study participants were identified as having undergone the 

baseline examination twice. Of these duplicates only the first was kept, leading to a study 

population of 27,548 actually recruited at baseline and of 27,414 participants not meeting the 

above defined exclusion criteria. These data were used for the analysis concerning the 

relevance of portion size questions or the application of gender, age- or BMI-specific portion 

sizes. In addition to these exclusions, participants with missing information on BMI at 

baseline were excluded (n = 212), thus leaving data of 27,204 study participants, 16,429 

women and 10,775 men, available. 

The EPIC-Potsdam calibration study sample was comprised of a randomised sample of the 

EPIC-Potsdam cohort. 2301 participants were initially included. Participants reporting 

unreliable energy intake in the 24HR (< 800 kcal/day or > 6000 kcal/day) were excluded, 

leaving data of 2272 participants available, 1234 women and 1038 men. 

In the beginning 160 persons volunteered to take part in the EPIC-Potsdam validation study 

for FFQ1994. Those subjects having completed at least 10 24HR were included in this 

analysis. Data of 134 validation study participants, 75 men and 59 women, were available. 

 

4.2 COMPARISON STUDY POPULATION 

From the 540 participants asked to fill in FFQ1994 in addition to FFQ2002, 16 individuals 

refused to take part, 3 were ill and 3 could not be reached, resulting in a sample of 518 

individuals participating in the EPIC-Potsdam comparison study (response proportion 96 %). 

Two participants who missed two pages in the FFQ1994 could not be re-contacted to complete 

missing dietary information and were therefore excluded from the analyses. The two FFQ of 

516 participants were used for the comparison of partial non-response in FFQ. Afterwards, 

participants reporting implausible energy intake in FFQ1994 (n=4) were excluded (< 800 

kcal/day or > 6000 kcal/day). Finally data of 512 study participants were available for the 

evaluation of dietary intake measured with FFQ2002 compared to FFQ1994. 

 



MATERIAL AND METHODS   29 

5 ANALYTICAL STRATEGIES 

All statistical analyses have been performed using SAS for Windows V8 (SAS Institute, Cary, 

NC). 

 

5.1 THE FOOD ITEM LIST  

5.1.1 SELECTION OF FOOD ITEMS 

The food item list for FFQ2002 was composed following different steps (table II-1). First of all 

19 target nutrients and 9 target food groups were specified (step 1).  

 

Table II-1: Development of FFQ2002 – worksteps 
 
step Action  

1 Selection of target nutrients and food groups 

 Target nutrients: 

Energy, protein, fat, saturated fatty acids, monounsaturated fatty acids, 

polyunsaturated fatty acids, cholesterol, carbohydrates, dietary fibre, 

alcohol, vitamin A (retinolequivalent), β-carotene, vitamin E 

(tocopherolequivalent), vitamin B1, vitamin B2, vitamin C, folic acid (free 

folic acid equivalent), calcium, iron 

Target food groups: 

Potatoes and other tubers, vegetables, legumes, fruits, milk and milk 

products, cereals and cereal products, eggs, fats and oil, non-alcoholic 

beverages 

2 Selection of informative food items informative for target nutrients and food 

groups (see table II-2)  

3 Combination of selected food items adequate for use in FFQ 

4 Selective exclusion of in step 2 identified items due to lack of compatibility 

with FFQ and minor overall importance  

  

Afterwards informative food items were selected using statistical methods (step 2). All 

calculations were performed for both the non-stratified group of study participants and the 

group stratified by gender, because consumption habits differed between men and women. 

Baseline FFQ1994 data were used as source data for the entire cohort. To account for the 

restrictions of the FFQ1994 food list the open information of the 24HR of the representative 
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calibration study sample was used additionally. Using the latter data it was tried to reveal 

important informative foods that had not been included in FFQ1994.  

All analyses taking FFQ1994 based on 174 foods (148 food items and 36 additional 

questions). The EPIC-Soft 24HR collected dietary data in the structure of food recipes or 

food items lists, which the recipes were then divided into. Because of this the EPIC-Soft 

24HR data were used in two ways, either as “food items and recipe ingredients” or as “food 

items and recipes”, both covering the whole information, but accounting for the actual way of 

reporting by the study participant. Overall, 1204 “food items and recipe ingredients” and 1281 

“food items and recipes” had been reported.  

After all informative food items were selected using both food and nutrient intake data of both 

FFQ1994 and 24HR they were combined to items ready to comprise the food list of FFQ2002. 

Therefore selected foods were grouped according to their nutrient content or culinary usage 

to generate a minimum number of food items without redundant information to be answered 

comfortably in the new FFQ2002 (step 3). It was finally decided to exclude foods from the new 

list, because they were selected upon minor importance during the selection procedure and 

could hardly be integrated with the other items (step 4). 

Table II-2 gives a methodological overview over the statistical procedures applied to the 

different data sets with different targets and criteria statistic. Stepwise regression, Max_r and 

the “contribution analysis” according to Block were applied.  

 

Stepwise linear regression 

In regression models dependent variables are predicted by independent variables. For the 

selection of informative foods total nutrient intake out of all foods was defined as the 

dependent variable. The nutrient intakes of single food items were independent variables in 

linear regression models. For food groups total food group intake was used as dependent 

variable and intake of the contributing single foods were independent variables. The stepwise 

approach successively includes (forward steps) or excludes (backward steps) independent 

variables into the model depending on their contribution to explanation of variance of the 

dependent variable. Independent variables are included one by one, but not all of these 

necessarily stay in the model. After a variable is added to the model the stepwise method 

evaluates all the variables already included and deletes any variable that is no longer 

significant in the model. The cut-off at which no further variable is included into the model is 

judged by the level of significance, e.g. p < 0.05 [127]. Regression models for 19 nutrients 

and 9 food groups were calculated using the SAS procedure PROC REG with the model 

option SELECTION = STEPWISE (See appendix for syntax and output example) [128].  
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Table II-2: Development of FFQ2002 – statistical strategies to select food items 

Statistical method Available data  Dietary information Criterion 

statistic6 

  Target 

information 

Variables used  

Stepwise linear 

regression 

FFQ baseline1 Nutrients  Food items and additional 

questions2 
R2 ≥ 0.8 

 24h DR calibration 

study3 

Nutrients Food items and recipe 

ingredients4 
R2 ≥ 0.5; 0.6; 

0.8 

  Nutrients  Food items and recipes5 R2 ≥ 0.5; 0.6; 

0.8 

  Food groups Food items and recipe 

ingredients 
R2 ≥ 0.6 

Max_r FFQ baseline Nutrients Food items and additional 

questions 

r > 0.8; 0.9 

Contribution 

analysis 

FFQ baseline Nutrients Food items and additional 

questions 

50% ; 60%  

 24h DR calibration Nutrients  Food items and recipe 

ingredients 

30%; 50% 

  Food groups Food items and recipe 

ingredients 

50% 

 
1 available data n=27,425 (10.869 men, 16,556 women) 
2 174 items (sum of food items (148) and information of additional questions) 
3 available data n=2272 (1234 men, 1038 women) 
4 1204 items 
5 1281 items 
6 coefficients of determination R2; Pearson correlation coefficients r; percentages of total intake 
 
 

The coefficient of determination (R2) gives the percentage of target variance explained by the 

model and was the criterion statistic to evaluate the overall importance of food items. Using 

the stepwise selection procedure the food item giving the highest R2 was selected first, 

followed by the item explaining most of the remaining variability in the dependent variable 

and so forth.  

The stepwise regression approach was applied to both, the FFQ1994 and the 24HR data 

(table II-2). Taking the FFQ1994 data those food items were selected that explain at least 80% 

of variance in nutrient intake. Taking “food items and recipes” or “food items and recipe 

ingredients” of the 24HR 50%, 60% or 80% of variance in nutrient intake were chosen as cut-

off points, depending on the nutrient in focus. For food groups, at least 60% of variance in 

intake was explained by the selected food items. 
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Max_r 

Max_r, implemented in a computer program developed by Thomas et al. [41], intends to 

choose a minimum number of foods that best preserved the relation between individuals 

when the nutrient intake by a limited number of foods is substituted for the true nutrient 

intake. This is done by maximizing the Pearson correlation coefficient of the total nutrient 

intake with nutrient intake by a smaller food group [40].  

The procedure Max_r requires a variance-covariance matrix. This matrix was created using 

the SAS procedure PROC CORR with the options NOCORR COV OUTP= (TYPE=COV) 

(See appendix for syntax and output example).  

Due to restrictions in the Max_r algorithm, a maximum number of 256 food items could be 

investigated. Thus, only nutrient intake obtained by the FFQ1994 was analysed (figure II-2). 

Depending on the nutrient in focus the minimum number of food items providing a correlation 

coefficient of at least 0.8 or 0.9 was determined. 

 

Contribution analysis 

By the contribution analysis according to Block [36] those foods contributing most to absolute 

nutrient intake in the study population were selected. Therefore the contribution of the single 

food items to total nutrient intake for each individual was calculated. Afterwards the single 

food items were sorted according to their mean contribution to individual total nutrient intake 

(see appendix for example of SAS outputs). 

This method was applied to both the FFQ1994 and 24HR data. Taking the baseline FFQ1994 

data those foods providing at least 50% or 60% of total nutrient intake depending on the 

nutrient in focus were selected. As cut-off points taking the 24HR data 30% or 50% of total 

intake were used.  

 

The final food list of FFQ2002 comprised 102 food items an can be seen in the appendix tables 

VIII-1a to VIII-1c. 

 

5.1.2 EVALUATION OF DIETARY MEASUREMENT WITH FFQ2002 

To evaluate the performance of FFQ2002 in comparison to FFQ1994 data of both 

questionnaires obtained in the EPIC-Potsdam comparison study were analysed.  

Food intake measured by FFQ2002 was calculated by multiplying reported frequencies of 

intake and assigned portion sizes. The determination of portion sizes for calculations was 
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based on different sources. If a household measure, for example “one cup” or “one glass” 

was the standard amount, the volumes of these measures, 150 ml or 200 ml were assigned, 

respectively. Whenever a unit was specified, for example “one apple”, the weights as already 

used for calculations in FFQ1994 were taken. In the case of dishes, the median amounts of the 

respective foods chosen in the 24HR obtained by the representative calibration study sample 

were assigned in calculations. For potatoes and meat larger amounts for men were selected 

in comparison to women. To calculate nutrient intake, the nutrient database for FFQ1994 was 

adapted for FFQ2002. The components of food groups are to be found in the appendix. 

FFQ1994 and FFQ2002 were compared with respect to absolute nutrient and food intake as 

measured in both FFQ in the comparison study. Equality of means was tested using the 

paired difference t-test (SAS procedure PROC UNIVARIATE) [128]. Because of the large 

size of the study group a significance level of p < 0.01 was chosen for the judgement of 

statistical significant mean differences. Furthermore, equality of variances was tested 

applying an F-test to the data (SAS procedure PROC TTEST) [128]. Rejection of the 

hypothesis of mean variances was made again on a significance level of p<0.01. 

Spearmen correlation coefficients were calculated (SAS procedure PROC CORR, option 

SPEARMAN) [128] to assess ranking of study participants in FFQ2002 compared to FFQ1994 

for nutrients and foods. 

Furthermore, it was investigated if initially selected key foods provide clearer information 

about ranking of individuals according to dietary intake than taking all foods to calculate 

intake. Food items in FFQ2002 were allocated to groups based on the statistical method by 

which they were selected during the development of FFQ2002. For each nutrient 5 groups of 

food items were constructed: (1) food items selected by Max_r with baseline FFQ1994 data 

(“Max_r”), (2) food items selected by stepwise regression taking baseline FFQ1994 data 

(“Stepwise baseline FFQ1994”) or (3) taking 24HR interviews out of the calibration study 

(‘Stepwise calibration 24HR”), (4) food items selected by the contribution analysis according 

to Block taking the baseline FFQ1994 data (“Contribution analysis FFQ1994”) or (5) taking the 

24HR interviews (“Contribution analysis 24HR”). Spearman correlation coefficients were 

calculated between nutrient intake by each of these key food groups and total nutrient intake 

measured by FFQ1994. (SAS procedure PROC CORR option SPEARMAN) [128].  

 

5.1.3 PARTIAL NON-RESPONSE 

Data quality in FFQ2002 has been evaluated in terms of missing values in the EPIC-Potsdam 

comparison study.  
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FFQ1994 and FFQ2002 were optically read and errors due to scanning were identified and 

corrected. In FFQ1994 both missing information of portion size or missing information of 

frequency was counted as a missing value. If one food item lacked both information, this was 

counted as one missing value. In FFQ2002, no questions about portion sizes were included, 

except for alcoholic beverages. A missing value in FFQ2002 was an omitted frequency of 

intake, except for alcoholic beverages, for which both portion size and frequency of intake 

caused missing values, if omitted. 

For the comparison of missing values the two questionnaires were divided into food items 

and additional questions. For FFQ2002 105 food items were identified for this analysis. This 

was, because for bread the FFQ2002 asked one absolute frequency for the whole group of 

bread and bread rolls and relative frequencies for the individual types of bread. Furthermore, 

two qualitative questions requiring a “yes” or “no” answer for garlic were included. In addition, 

39 additional questions covering preparation methods and fat contents of products were 

identified, adding up to a sum of 144 positions. For FFQ1994 a total of 142 food items was 

identified. Added up with 36 additional question a sum of 178 questions had to be answered 

by each participant. 

In order to evaluate the issue of selection bias due to exclusion of subjects based on omitted 

items in FFQ2002, predictors of missing values were identified. Poisson regression models 

were fit, taking the mean number of missing values as independent variable (SAS procedure 

PROC GENMOD, option DIST=POISSON LINK=LOG) [128]. Sex, BMI, age, smoking status 

and education were investigated as potential predictors of the number of missing values. 

Both current weight and smoking status were obtained in the third follow-up examination. 

Age by the time FFQ2002 was applied, was calculated. Information about education had been 

obtained during baseline interviews.   

With the aim to evaluate how to cope with missing values in the future, three different ways 

of handling partial non-response were compared. As possible alternatives to completing 

FFQ2002 retrospectively in person on the one hand all missing items were replaced by “no 

consumption”, on the other hand missing values were replaced by median frequencies of 

consumption obtained from the remaining study population. Mean nutrient and food intake 

based on the three approaches were compared and tested for statistical significance with the 

paired differences t-test (SAS procedure PROC UNIVARIATE) [128]. Spearman correlation 

coefficients were computed between the completed version and the two approaches 

replacing missing values (SAS procedure PROC CORR, option SPEARMAN) [128]. 
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5.2 PORTION SIZE INFORMATION 

Several analyses were performed in order to judge upon the necessity of questions about 

portion size and to evaluate the benefits of the assignment of gender, BMI or age specific 

portion sizes with respect to measurement of variance in intake. The analyses should lead to 

a decision about the way of inclusion of portion size information, either as variable items in 

the FFQ or as assigned standard sizes that in turn could have been stratified according to 

gender, BMI or age. Gender, age and BMI were considered the most discriminating variables 

concerning food intake and were therefore focussed on to potentially assign group specific 

portion sizes. 

Mean food intake for men and women and for age (< 50 years; ≥ 50 years) and BMI (< 26 

kg/m2; ≥ 26 kg/m2) groups were calculated to evaluate if food intake differed across strata. 

Median values for age and BMI were chosen as cut off points.  

The food group “cereals”, constituted of five items, was used as an example to analyse in 

detail whether differences in mean intake could be either attributed to the variation in portion 

sizes or to the variation in consumption frequencies or both. The average reported portion 

sizes and the average reported consumption frequencies between men and women and 

according to age and BMI groups for five food items were compared. The food group cereals 

was chosen as an example because of the heterogeneity in consumption patterns of the five 

items, i.e. consumption at various times a day and different percentage of non-consumers. 

In the FFQ1994 there were several cases of similar food items in which portion size was 

obtained only for the generic item. Therefore, in this analysis dealing with portion sizes 141 

items were used. These 141 food items were divided into 24 food groups, each consisting of 

1 to 24 food items. 

To estimate the contribution of frequency of intake to variance in food intake, linear 

regression models for each food item were fit (1) (SAS procedure PROC REG) [128]. Intake 

(Ii) (g/day) of item i (i=1,…141) was used as dependent variable. The independent variable 

was defined by frequency Fi of intake per day of food i (i=1...141). No intercept was allowed 

in the models, as, by definition, daily intake has to be zero if frequency of intake is zero. 

Ii =β x Fi     (1) 

The coefficient of determination, R2, was calculated to estimate the proportion of variance 

explained by frequency alone. Because the product of portion size and food intake 

completely explains variance of intake, the loss of variance, caused by omission of portion 

size information, is equal to 1-R2. The single R2-values were averaged over food groups. 

To analyse whether explained variance increases markedly by assignment of group specific 

portion sizes, linear regression models were fit including BMI-, gender- and age- specific 
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frequencies of intake as independent variables. The number of independent variables 

equalled the number of groups under investigation in the different models. In detail, group 

specific intake frequencies Fij were used . Here, Fij = Fj if the ith individual belongs to group j 

and Fij = 0 otherwise. In the case of two groups, e.g. men and women, the model equation 

has the form 

Ii =βI x Fi1 +  β2 x Fi2.    (2) 

The two parameters βI and β2 can be interpreted as portion sizes of individuals of groups 1 

and 2, respectively. Frequency of intake has been stratified in this way for gender, for BMI 

groups, for age groups and for combinations of age and gender, BMI and gender and of age, 

gender and BMI groups. To evaluate the effect of group specific portion sizes, R2 of the 

model (2) were compared with that of model (1). The difference in R2 would be the increase 

of explained variance attributed to the assignment of age, gender and BMI specific portion 

sizes. 

To investigate the cumulative effect of a predefined portion size versus variable portion sizes 

on the nutrient intake, data of the FFQ1994 validation study [8] were analysed. Therefore, the 

assignment of predefined portion sizes was simulated by replacing all absolute portion sizes 

(i.e. small, medium, large) by the medium portion sizes. Nutrient intake derived from FFQ1994 

correlated with 24HR was compared to simulated FFQ1994 data with 24h recalls. Spearman 

correlation coefficients are given for the comparison between nutrient intake according to the 

mean of 24h recalls, FFQ1994 with variable portion sizes (original data) and FFQ1994 with 

assigned portion sizes (simulated data) (SAS procedure PROC CORR option SPEARMAN).  

For the first analyses of FFQ2002 in the comparison study portion sizes without stratification 

for gender were assigned. The relation of women’s food intake to men’s in FFQ2002 was 

compared to the relation as assessed by FFQ1994. This comparison led to the final decision 

about the assignment of portion sizes stratified for gender, because in this comparison the 

absolute amounts of intake are compared on the contrary to the contribution of variance in 

intake as by the previous analysis concerning portion sizes.  

 

5.3 SUMMATION QUESTIONS  

Analyses concerning summation questions were conducted, to decide about the 

incorporation of such questions in FFQ2002. 

The FFQ1994 completed by 134 participants of the EPIC-Potsdam validation study were 

analysed. Summation questions about the average consumption frequency per day, week or 

month of the food groups fruit, vegetables, bread, meat, sausage, cheese and non-alcoholic 

beverages at the end of the FFQ1994 were used to calculate respective correction factors for 
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each individual. Correction factors were calculated by dividing the food group intake obtained 

by the summation question by the sum of food intakes from the food item list for each group 

of food. Daily consumed amounts calculated within FFQ1994 were afterwards multiplied by 

these individual correction factors and corrected food intake data were derived.  

Corrected and not corrected FFQ1994 data were compared to the average of 10 to 12 24HR of 

each participant which covered the same period of time as the FFQ. Differences of the daily 

consumed amounts estimated by the FFQ1994 in comparison to the 24HR were calculated. 

Furthermore, Pearson correlation coefficients were computed on logarithmically transformed 

data (SAS procedure PROC CORR) [128]. Due to the fact that random within-person error 

that in this case might occur in the multiple assessment of 24HR during the period of one 

year, tends to alter correlation coefficients towards zero, a correction according to Beaton et 

al. [129] was applied. The adjustment for attenuation based on the partitioning of 

components of variance. This formula can be applied if random within-person error is 

assumed in one variable which was measured repeatedly [6]. Analyses were carried out 

separately for men and women. 

Summation questions were included in FFQ2002. FFQ2002 asked for the overall consumption of 

the food groups vegetables, fruits, cheese, meat and processed meat during one week. In 

order to evaluate the use of correction factors obtained by these summation questions, food 

and nutrient intake calculated either with or without correction were compared. The change in 

amounts of nutrient and food intake was evaluated calculating the proportion of the corrected 

amounts from the uncorrected amounts. Spearman correlation coefficients were calculated to 

assess ranking of individuals according to corrected and uncorrected food and nutrient intake 

of FFQ2002 and FFQ1994 (SAS procedure PROC CORR, option SPEARMAN) [128]. 
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III RESULTS 

1 THE FOOD ITEM LIST 

1.1 SELECTION OF FOOD ITEMS 

Table III-1 shows those food items selected upon the baseline FFQ1994 by the stepwise 

regression approach for the nutrient fat without stratification for gender as an example. In 

total, 14 food items were selected that together explained 81% of variance in fat intake. The 

selected food items accounted for 40% of absolute fat intake only. The food item explaining 

most of the variance in intake (20%; whipped cream) only contributed to 1% of absolute fat 

intake and only one of the 14 food items (sauces eaten with meat and fish) contributed less 

to absolute intake. The one food item contributing most to absolute fat intake (7.41%; butter) 

was only the third item selected by the stepwise regression procedure. 

 

Table III-1: Food items selected by stepwise regression taking baseline FFQ1994 data for the nutrient 
fat, EPIC-Potsdam study, n=27,425 
 
Food items R2 R2 % total fat 

intake 

Cumulative % 

total fat intake 

1. Whipped cream 0.20 0.20 1.01  1.01

2. Frying sausage 0.11 0.31 2.78  3.79

3. Butter 0.09 0.40 7.41  11.20

4. Margarine 0.10 0.50 5.73  16.93

5. Margarine, fat reduced 0.06 0.56 4.51  21.44

6. Cheese (Gouda, 

Emmentaler, Tilsiter) 

0.05 0.61 5.17  26.61

7. Frankfurter, bockwurst 0.04 0.64 2.47  29.08

8. Nuts  0.03 0.68 1.77  30.85

9. Layer cake, cream cake 0.03 0.71 1.62  32.47

10. Sauces eaten with meat and 

fish 

0.03 0.74 0.75  33.22

11. Chocolate bar 0.02 0.76 1.58  34.80

12. Yeast dough cake 0.02 0.77 1.97  36.77

13. Liver sausage 0.02 0.79 1.78  38.55

14. Fish, tinned, smoked 0.02 0.81 1.62  40.17

 

In table III-2 those food items selected by the Max_r approach for the nutrient fat are listed. 

The most important food item again was “whipped cream” giving a correlation coefficient of 
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0.44 with overall fat intake. 15 items were selected, 11 of which also have been selected by 

the stepwise regression. Max_r selected salami, fruit cake, milk and ham/pork sausage in 

addition and on the other hand the stepwise regression procedure identified layer/cream 

cake, sauces and liver sausage, which were not covered by Max_r. Both approaches thus 

provided similar, but not identical food items list.   

 

Table III-2: Food items selected by the Max_r approach taking baseline FFQ1994 data for the nutrient 
fat, EPIC-Potsdam study, n=27,425 
 
 Food item r 1 

1. Whipped cream 0.44 

2. Salami  0.52 

3. Frying sausage 0.59 

4. Yeast dough cake 0.64 

5. Chocolate bar 0.67 

6. Cheese (Gouda, Emmentaler, Tilsiter) 0.70 

7. Frankfurter, bockwurst 0.72 

8. Fruit cake 0.75 

9. Butter 0.77 

10. Margarine 0.82 

11. Margarine, fat reduced 0.86 

12. Nuts 0.87 

13. Fish, tinned, smoked 0.88 

14. Milk  0.89 

15. Ham sausage, pork sausage 0.90 

 
1 Pearson correlation coefficient 
 

The contribution analysis according to Block revealed 23 food items to account for 60% of 

absolute fat intake (table III-3). Seven of these items were neither selected by the stepwise 

regression nor by the Max_r approach. These foods were cheese (Camembert, Brie, 

Gorgonzola), sunflower/other vegetable oil, cream cheese, fruit yoghurt, boiled eggs, deep-

dish cake and olive oil. Altogether they accounted for almost 12 % of absolute fat intake.  

Table III-4 gives a summary about the number of food items that were selected by the 

different approaches for the 19 different nutrients upon baseline FFQ1994. All different items 

out of gender-stratified and non-stratified approaches were summed. Keeping in mind that 

cut-off criteria for the selection of food items were arbitrarily set and not comparable between 

methods, for most of the nutrients the contribution analysis according to Block selected the 
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largest numbers of food items. For nine nutrients (saturated and polyunsaturated fatty acids, 

cholesterol, dietary fibre, β-carotene, vitamins E, B1, B2 and iron) the Max_r approach 

selected more food items than the stepwise regression approach whereas the latter selected 

longer lists for five nutrients (energy, protein, monounsaturated fatty acids, carbohydrates 

and folic acid). Both “variance explaining” approaches provided identical lists for alcohol, 

vitamin A, vitamin C and calcium. 

 

Table III-3: Food items selected by the contribution analysis according to Block taking baseline 
FFQ1994 data for the nutrient fat, EPIC-Potsdam study, n=27,425 
 

1. Butter 7.41 7.41  

14. Liver sausage  1.78 46.33  

15.. Nuts  1.77 48.11  

16. Fish, tinned, smoked 1.62 49.73  

17. Layer cake, cream cake 1.62 51.34  

18. Cheese (cream cheese) 1.61 52.96  

19. Chocolate bar 1.58 54.53  

20. Yoghurt, fruit 1.53 56.06  

21. Eggs, boiled 1.41 57.47  

22. Cake, deep-dish cake 1.40 58.87  

23. Olive oil 1.35 60.22  

 

Food items % total fat intake Cumulative % 

total fat intake  

2. Margarine 5.73 13.14  

3. Cheese (Gouda, Emmentaler, Tilsiter) 5.17 18.31  

4. Margarine, fat reduced 4.51 22.82  

5. Salami 3.08 25.90  

6. Frying sausage 2.78 28.68  

7. Fruit cake 2.75 31.43  

8. Frankfurter, bockwurst,  2.47 33.90  

9. Ham sausage, pork sausage 2.44 36.34  

10. Cheese (Camembert, Brie, Gorgonzola) 2.24 38.58  

11. Sunflower oil, other vegetable oil 2.15 40.73  

12. Yeast dough cake 1.97 42.70  

13. Milk  1.86 44.56  
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Table III-4: Number of food items selected as informative for intake of 19 nutrients by three different 
statistical strategies taking baseline FFQ1994 data , EPIC-Potsdam study, n=27,425 
 
Nutrient Stepwise 

regression (1) 

Max_r 

(2) 

Contribution 

analysis (3) 

(1) 

and 

(2)1 

(1), (2) 

and (3)2 

Energy 27 19 31 17 15 

Protein 23 14 28 14 14 

Fat 19 19 27 16 14 

Saturated fatty acids 14 15 22 12 12 

Monounsat. fatty acids 19 18 25 16 15 

Polyunsat. fatty acids 7 10 22 7 7 

Cholesterol  12 14 20 10 8 

Carbohydrates 19 14 18 14 13 

Dietary fibre 14 19 17 12 10 

Alcohol 2 2 2 2 2 

Vitamin A 3 3 14 3 3 

β-carotene 5 6 15 4 4 

Vitamin E 15 19 29 12 12 

Vitamin B1 13 19 23 12 12 

Vitamin B2 13 19 26 11 10 

Vitamin C 5 5 14 5 5 

Folic acid 20 13 26 13 13 

Calcium 6 6 13 6 6 

Iron  28 33 22 24 15 

 
1 Number of food items selected by both, the stepwise regression and the Max_r approach 
2 Number of food items selected by the stepwise regression, the Max_r and the contribution analysis approach 
 

After the comprehensive identification of single foods out of the baseline FFQ1994 and 24HR 

all of the selected foods were combined to items compatible with a FFQ-format. 19 food 

items out of FFQ1994 were not selected by any of the methods and for any of the nutrients 

(table III-5). These items were not included in FFQ2002. Based on calculations upon detailed 

24HR data 11 new food items were judged to be of importance in the EPIC-Potsdam cohort 

and therefore included in the FFQ2002 food item list (table III-6). 
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Table III-5: FFQ1994 food items omitted in the FFQ2002 food item list 
 

Neglected FFQ1994 items 

French fries, potato croquette Cornflakes, crisps 

Potato salad Sauce of minced meat, hash 

Potato fritter Veal, lamb, rabbit 

Bell pepper, cooked Nougat, chocolate spread 

Sprouts  Candy bar 

Leek Danish pastry 

Black salsify, celery Coffee substitute made from barley malt 

Mushroom dishes Soups with cream 

Gherkins Meat, fish, vegetable soups 

Processed cheese  

 

Table III-6: FFQ2002 food items that had not been included in FFQ1994 
 

New FFQ2002 items 

Mixed vegetables Pastries for diabetics 

Linseed Carrot juice, vegetable juice 

Dried fruits Black currant juice 

Fresh fruit salad Tofu  

Lard Salad (e.g. meat, eggs) 

Linseed oil  

 

The integration led to a food list of 102 food items (see appendix (table VIII-1a to VIII-1c) for 

a list). FFQ2002 therefore was shorter as it was comprised of less food items than FFQ1994.  

 

1.2 EVALUATION OF DIETARY MEASURMENT WITH FFQ2002  

1.2.1 FOOD INTAKE 

The baseline characteristics of the EPIC-Potsdam comparison study participants and of the 

whole EPIC-Potsdam cohort are given in table III-7. There is a slightly higher proportion of 

men and participants are slightly older in the comparison study than in the whole cohort. 

There are no differences in BMI and educational attainment between groups. But there exists 

a higher proportion of smokers in the whole cohort than in the comparison study, indicating a 

slightly more health conscious group. 
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Table III-7: Baseline characteristics of study participants, EPIC-Potsdam comparison study, n=516 
 
  Comparison study  

(n=516) 
EPIC-Potsdam cohort 
(n=27,548)  

  Men Women  Men  Women  

 % 45 55 40 60 
Age (years) Mean (SD) 54 (7) 51 (9) 52 (8) 49 (9) 
BMI (kg/m2) Mean (SD) 26.8 (3.3) 26.1 (4.4) 27.0 (3.7) 25.8 (4.7) 
Current smoker % 19 15 25 18 
University degree % 52 25 49 28 

 

The characteristics of the participants in the year 2002 who took part in the comparison study 

are shown in table III-18.  

 

Table III-8: Participants’ characteristics in the year 2002, EPIC-Potsdam comparison study, n=516 
 
  Men (n=231) Women (n=285) 

Age (years) Mean (SD) 61.4 (7.4) 58.7 (8.9) 
BMI > 25 kg/m2 n (%) 167 (72.6) 159 (56.2) 
Current smoker n (%) 35 (15.2) 33 (11.6) 

 

Comparing absolute food intake FFQ2002 measured less intake than FFQ1994 for almost all 

food groups in both genders in the comparison study (table III-19). On average 86 % of 

intake was covered by the new instrument for men and 94 % for women. In men, the food 

groups potatoes, vegetables, legumes, dairy products, cereals, pasta, red meat, poultry and 

alcoholic beverages were assessed in comparable amounts between FFQ2002 and FFQ1994. 

In women, similar amounts were assessed of potatoes, legumes, cereals, pasta, red meat, 

processed meat, fish, sugar and alcoholic beverages. Intakes of fats and sauces were 

assessed in higher amounts in FFQ2002 than in FFQ1994 for both genders.  

Although on the absolute levels differences in intake are measured in both FFQ, variance in 

intake was not significantly smaller for bread, fats and non-alcoholic beverages in men and 

for vegetables, fats and non-alcoholic beverages in women. Overall, variances were not 

significantly smaller for potatoes, vegetables, cereals, pasta, bread, red meat, fats, non-

alcoholic and alcoholic beverages in men, and for potatoes, vegetables, cereals, processed 

meat, fats, non-alcoholic beverages and sauces in women. 
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Table III-9: Food intake (g/day) assessed by FFQ1994 and FFQ2002 applied 28 days apart, EPIC-
Potsdam comparison study, n=512 
 
Food group Men (n=230) Women (n=282) 

 FFQ1994 FFQ2002 FFQ1994 FFQ2002 
 Mean1 (SD)2 %3 Mean1 (SD)2 %3 
Potatoes  114.1 

(54.0) 
107.1 
(52.4) 

93.9 87.4 
(43.2) 

86.2 
(41.6) 

98.6 

Vegetables 122.8 
(54.1) 

113.8 
(60.0) 

92.7 138.8 
(61.6) 

126.4* 
(59.0) 

91.1 

Legumes 4.3 
(4.0) 

4.0 
(3.0)§ 

93.0 2.3 
(2.4) 

2.1 
(1.6)§ 

91.3 

Fruits  158.8 
(99.1) 

111.2* 
(64.5)§ 

70.0 185.7 
(112.7) 

131.3* 
(67.4)§ 

70.7 

Dairy products 186.3 
(174.8) 

169.3 
(137.7)§ 

90.9 226.8 
(267.9) 

183.4* 
(140.0)§ 

80.9 

Cheese  66.6 
(43.5) 

52.7* 
(27.5)§ 

79.1 68.0 
(48.9) 

58.1* 
(35.2)§ 

85.4 

Cereals  6.2 
(13.4) 

5.2 
(11.3) 

83.9 6.5 
(13.6) 

6.0 
(11.7) 

92.3 

Pasta  17.9 
(15.1) 

17.4 
(13.4) 

97.2 19.4 
(18.0) 

21.5 
(13.7)§ 

110.8

Bread  191.7 
(85.9) 

128.0* 
(85.2) 

66.8 151.1 
(60.5) 

117.1* 
(75.8)§ 

77.5 

Cake  68.6 
(54.2) 

52.9* 
(34.2)§ 

77.1 56.1 
(62.6) 

45.2* 
(27.3)§ 

80.6 

Red meat 35.0 
(21.3) 

35.4 
(21.4) 

101.1 22.6 
(16.6) 

25.3 
(21.8)§ 

111.9

Poultry  14.6 
(13.1) 

12.8 
(9.1)§ 

87.6 9.5 
(8.0) 

9.0* 
(5.9)§ 

94.7 

Processed meat 81.6 
(58.0) 

64.0* 
(36.6)§ 

78.4 53.0 
(35.1) 

49.8 
(32.4) 

94.0 

Fish  34.6 
(34.2) 

23.1* 
(15.1)§ 

66.8 24.3 
(22.5) 

22.8 
(14.5)§ 

93.8 

Eggs  18.5 
(14.3) 

10.6* 
(6.4)§ 

57.3 14.5 
(10.3) 

10.2* 
(5.9)§ 

70.3 

Fat  29.7 
(15.0) 

34.3* 
(17.0) 

115.5 24.3 
(13.7) 

31.6* 
(15.6) 

130.0

Sugar  36.8 
(27.9) 

31.1* 
(19.7)§ 

84.5 28.9 
(24.6) 

27.4 
(17.2)§ 

94.8 

Non-alcoholic 
beverages 

1490.4 
(751.7) 

1221.2* 
(678.6) 

81.9 1688.6 
(700.9) 

1466.7* 
(694.8) 

86.9 

Alcoholic beverages 371.9 
(413.7) 

358.6 
(410.9) 

96.4 114.1 
(202.5) 

115.7 
(129.4)§ 

101.4

Sauces  20.9 
(18.8) 

24.5* 
(10.8)§ 

117.2 16.2 
(13.5) 

22.9* 
(12.6) 

141.4

Soups  45.9 
(74.6) 

31.5* 
(20.5)§ 

68.6 37.5 
(63.3) 

26.4* 
(16.2)§ 

70.4 

 
1 Equality of means tested using paired difference t-tests, *p<0.01 
2 Equality of variances tested using F-test, §p<0.01 
3 consumed amounts in FFQ2002 as percentages of amounts in FFQ1994 
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Discrimination of dietary intake between genders was compared. Table III-10 gives the food 

group consumption by women as percentages of men’s consumption in both FFQ. If the 

discrimination between genders was similar in both FFQ, percentages would be similar, too. 

The comparison revealed that discrimination between genders was similar in both FFQ for 

potatoes, vegetables, legumes, fruits, cake, red meat, poultry, sugar, non-alcoholic 

beverages, alcoholic beverages and soups. For the food groups cheese, cereals and pasta 

there was a larger difference in consumption by men and women in FFQ2002. There was less 

discrimination between genders for the food groups bread, processed meat, fish, eggs, fat 

and sauces in FFQ2002 than FFQ1994. 

 

Table III-10: Food consumption in women as percentages of men’s consumption in FFQ1994 and 
FFQ2002 applied 28 days apart, EPIC-Potsdam comparison study, n=512  
 
Food group FFQ1994 FFQ2002 

 %1 

Potatoes  77 81 

Vegetables 113 111 

Legumes 53 53 

Fruits  117 118 

Dairy products 122 108 

Cheese  102 110 

Cereals  105 115 

Pasta  108 124 

Bread  79 91 

Cake  82 85 

Red meat 65 71 

Poultry  65 70 

Processed meat 65 78 

Fish  70 99 

Eggs  78 96 

Fat  82 92 

Sugar  79 88 

Non-alcoholic beverages 113 120 

Alcoholic beverages 31 32 

Sauces  76 93 

Soups  82 84 
 
1 Percentage of men’s consumption 
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1.2.2 NUTRIENT INTAKE 

According to the comparison of food group intake FFQ2002 assessed only 87 % of nutrient 

intake in FFQ1994 on average for men whereas for women FFQ2002 captured 100 % on 

average (table III-11). For men a significantly smaller amount was observed for energy 

intake, protein, fat, saturated and monounsaturated fatty acids, cholesterol, carbohydrates, 

dietary fibre, vitamins E, B1, B2, folic acid and iron. Higher amounts were assessed for β-

carotene. In women, polyunsaturated fatty acids, β-carotene, vitamin A and calcium were 

measured in a significantly higher amount in FFQ2002, whereas energy, carbohydrates, 

dietary fibre, vitamins B1, C, folic acid and iron were assessed in significantly smaller 

amounts.  

Although absolute nutrient intake decreased, variance was measured not significantly 

different for dietary fibre, vitamin E, folic acid and iron in men, and for carbohydrates, dietary 

fibre, vitamin B1, folic acid and iron in women. Overall, variances were measured comparably 

for dietary fibre, alcohol, vitamin A, β-carotene, vitamin E, vitamin B2, vitamin C, folic acid, 

calcium and iron in men and for protein, polyunsaturated fatty acids, carbohydrates, dietary 

fibre, vitamins E, B1, B2, folic acid, calcium and iron in women. Increases in variances were 

detected for vitamin C in men, although not statistically significant. In women, statistically 

significant increases were measured for vitamin A, β-carotene and vitamin C and an 

insignificant increase for calcium. 
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Table III-11: Nutrient intake assessed by FFQ1994 and FFQ2002 applied 28 days apart, EPIC-Potsdam 
comparison study, n=512 
 
Nutrient  Men (n=230) Women (n=282) 
 FFQ1994 FFQ2002 FFQ1994 FFQ2002 
 Mean1 (SD)2 %3 Mean1 (SD)2 %3 
Energy (kJ/d) 9485 

(2800) 
8155* 

(2251)§ 
86.0 7489 

(2213) 
7025* 

(1849)§ 
93.8 

Protein (g/d) 81.6 
(24.4) 

69.5* 
(19.2)§ 

86.2 65.3 
(19.3) 

62.5 
(18.1) 

95.7 

Fat (g/d) 86.4 
(32.2) 

80.4* 
(24.0)§ 

93.1 68.2 
(26.2) 

71.2 
(20.5)§ 

104.4

Saturated fatty acids (g/d) 34.6 
(13.9) 

32.5* 
(10.7)§ 

93.9 27.4 
(11.5) 

28.6 
(9.3)§ 

104.4

Monounsaturated fatty acids 
(g/d) 

30.7 
(12.0) 

28.6* 
(8.6)§ 

93.2 23.9 
(9.4) 

25.0 
(7.5)§ 

104.6

Polyunsaturated fatty acids 
(g/d) 

15.1 
(6.1) 

14.3 
(5.1)§ 

94.7 12.1 
(5.1) 

13.8 
(4.6)* 

114.0

Cholesterol (µg/d) 330.6 
(119.3) 

279.5* 
(81.8)§ 

84.5 251.6 
(103.8) 

246.7 
(76.4)§ 

98.1 

Carbohydrates (g/d) 248.8 
(82.9) 

196.5* 
(68.6)§ 

79.0 206.5 
(66.8) 

175.8 
(57.4)* 

85.1 

Dietary fibre (g/d) 23.1 
(7.2) 

18.7 
(6.6)* 

81.0 21.7 
(6.9) 

18.7 
(6.0)* 

86.2 

Alcohol  20.2 
(20.6) 

20.2 
(20.9) 

100 8.9 
(16.7) 

9.2 
(10.3)§ 

103.4

Vitamin A (mg/d) 1.6 
(0.7) 

1.6 
(0.7) 

100 1.3 
(0.6) 

1.5* 
(0.7)§ 

115.4

β-carotene (mg/d) 2.4 
(1.2) 

2.6* 
(1.2) 

108.3 2.8 
(1.8) 

3.2* 
(2.1)§ 

114.3

Vitamin E (mg/d) 11.9 
(4.3) 

10.7* 
(3.6) 

89.9 10.6 
(3.7) 

10.6 
(3.4) 

100 

Vitamin B1 (mg/d) 1.3 
(0.5) 

1.1* 
(0.4)§ 

84.6 1.1 
(0.3) 

1.0* 
(0.3) 

90.9 

Vitamin B2 (mg/d) 1.5 
(0.5) 

1.5* 
(0.4) 

100 1.3 
(0.4) 

1.3 
(0.4) 

100 

Vitamin C (mg/d) 119.0 
(69.1) 

113.2 
(75.4) 

95.1 133.0 
(61.2) 

121.1* 
(73.4)§ 

91.1 

Folic acid (µg/d) 112.2 
(32.3) 

98.3* 
28.6) 

87.6 100.3 
(30.2) 

92.8* 
(28.8) 

92.5 

Calcium (mg/d) 730.2 
(307.4) 

733.4 
(279.2) 

100.4 721.4 
(295.8) 

771.3* 
(304.4) 

106.9

Iron (mg/d) 14.3 
(4.1) 

12.0* 
(3.6) 

83.9 12.1 
(3.1) 

11.1* 
(2.9) 

91.7 

 

1 Equality of means tested using paired difference t-tests, *p<0.01 
2  Equality of variances tested using F-test, §p<0.01 
3 consumed amounts in FFQ2002 as percentages of amounts in FFQ1994 
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1.3 RANKING OF INDIVIDUALS 

Spearman correlation coefficients for food intake between FFQ1994 and FFQ2002 in the 

comparison study were on average 0.57. The highest value was observed for alcoholic 

beverages (0.88) and the lowest for fats (0.23). 

 

Table III-12: Correlation coefficients for food intake between FFQ1994 and FFQ2002 applied 28 days 
apart, n=512, EPIC-Potsdam comparison study, n=512  
 
Food group r 1 

Potatoes  0.52 

Vegetables 0.48 

Legumes 0.55 

Fruits  0.60 

Dairy products 0.76 

Cheese  0.59 

Cereals  0.76 

Pasta  0.53 

Bread  0.32 

Cake  0.69 

Red meat 0.58 

Poultry  0.47 

Processed meat 0.62 

Fish  0.52 

Eggs  0.54 

Fat  0.23 

Sugar  0.66 

Non-alcoholic beverages 0.57 

Alcoholic beverages 0.88 

Sauces  0.48 

Soups  0.52 
 
1 Spearman rank correlation coefficient 
 
 
Spearman correlation coefficients for nutrient intake between FFQ1994 and FFQ2002 were 0.57 

on average, with a highest value for alcohol (0.85) and the lowest value for polyunsaturated 

fatty acids (0.44).  
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Table III-13: Correlation coefficients for nutrient intake between FFQ1994 and FFQ2002 applied 28 days 
apart, EPIC-Potsdam comparison study, n=512  
 
Nutrient  r 1 

Energy  0.60 

Protein  0.52 

Fat  0.55 

Saturated fatty acids  0.60 

Monounsaturated fatty acids  0.55 

Polyunsaturated fatty acids  0.44 

Cholesterol  0.62 

Carbohydrates  0.57 

Dietary fibre  0.49 

Alcohol  0.85 

Vitamin A  0.54 

β-carotene  0.60 

Vitamin E  0.50 

Vitamin B1 0.56 

Vitamin B2  0.55 

Vitamin C  0.59 

Folic acid  0.59 

Calcium  0.58 

Iron  0.51 

 
1 Spearman rank correlation coefficient 
 

These correlation coefficients were compared to correlation coefficients between nutrient 

intake out of a selected number of food items in FFQ2002 and the entire FFQ1994. Those food 

items that initially had been selected as key foods for a particular nutrient during the 

development of FFQ2002 were combined to key food groups. 

None of the spearman correlation coefficients calculated upon the key food groups in FFQ2002 

with the nutrient intake of the entire FFQ1994 was higher than the correlation coefficients 

calculated upon the whole FFQ2002 (see appendix table VIII-6).  

Most often, those food groups comprised of the largest number of food items, provided the 

best correlation to overall nutrient intake in FFQ1994. For instance a FFQ2002 based food group 

built out of those foods that had been selected by a stepwise regression taking 24HR data of 

the calibration sample at baseline covered 21 food items (“stepwise calibration 24HR”). The 

remaining key food groups (“Max_r”, “stepwise baseline FFQ1994”, “contribution analysis 

FFQ1994” and “contribution analysis 24HR”) were smaller, with 12 to 17 food items. The 

highest correlation coefficient with dietary fibre intake out of the entire FFQ1994 was 0.47 for 
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the 21-item food group. The correlation coefficient between both entire questionnaires was 

0.49.  

Also for energy, carbohydrate, protein, polyunsaturated fatty acids, β-carotene, vitamin E, 

vitamin C, folic acid, vitamin B1, calcium and iron the key food group comprised of the largest 

number of items provided the highest correlation coefficient. With respect to the method of 

food item selection for only seven out of 19 nutrients the “variance explaining” methods 

selected the foods that in FFQ2002 were correlated better to overall FFQ1994 than foods 

selected by “contribution analysis”. These seven nutrients were energy, carbohydrates, 

dietary fibre, fat, cholesterol, β-carotene and iron. 

 

1.4 PARTIAL NON-RESPONSE 

The evaluation of the performance of FFQ2002 regarding the completeness of data showed 

that about 34 % of FFQ2002 were filled in without missing values, whereas only 19 % of 

FFQ1994 were without missing values (table III-14). In FFQ2002 94 % of questionnaires showed 

ten or less missing items whereas in FFQ1994 in 74 % of questionnaires ten or less items 

were missed. Focussing on the list of food items only 39 % of FFQ2002 and 26 % of FFQ1994 

were complete, whereas 72 % and 55 % of additional questions lacked missing values, 

respectively. Applying the hypothetic exclusion criteria of more than 10 missing values would 

therefore result in the exclusion of 6 % and 27 % of participants in FFQ2002 and FFQ1994, 

respectively.  

 

Table III-14: Completeness of data in FFQ2002 and FFQ1994, EPIC-Potsdam comparison study, n=516 
 
  FFQ1994 FFQ2002 

Food items n 142 105 
 FFQ without missing values n (%) 133 (25.8) 203 (39.3) 

 FFQ ≤ 10 missing values n (%) 392 (76.0) 504 (97.7) 

    
Additional questions n 36 39 
 FFQ without missing values n (%) 284 (55.0) 371 (71.9) 

 FFQ ≤ 10 missing values n (%) 510 (98.8) 507 (98.3) 

    
Food items and additional questions n 178 144 
 FFQ without missing values n (%) 96 (18.6) 162 (34.4) 

 FFQ ≤ 10 missing values n (%) 378 (73.3) 485 (94.0) 
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1.4.1 PREDICTORS OF MISSING VALUES 

Table III-15 shows the results of the Poisson regression models to identify predictors of the 

number of missing values in FFQ2002. No or low education seemed to be associated with the 

more frequent occurrence of missing values. In FFQ2002 subjects with low education showed 

a 50 % increased probability to omit one more item. Furthermore, in FFQ2002 smoking status, 

i.e. both former smoking and current smoking, was predictive of increased numbers of 

missing values. The frequency of missing values also increased slightly with age, and 

participants with a BMI of more than 25 kg/m2 tended to increased numbers of missing 

values in FFQ2002.  

 

Table III-15: Predictors of increasing numbers of missing values in FFQ2002, EPIC-Potsdam 
comparison study, n=5131 
 
 eβ (95 % CL)2 

Male gender 1.08 (0.96; 1.21) 
Age 1.03 (1.02; 1.04) 

BMI ≤ 25 kg/m2 1  

BMI > 25 kg/m2 1.16 (1.03; 1.31) 
Non smoker 1  
Ex smoker 1.35 (1.19; 1.52) 
Smoker 1.73 (1.49; 2.00) 
Education (high level (university degree)) 1  
Education (medium level) 1.07 (0.92; 1.24) 
Education (no, or low level) 1.55 (1.36; 1.76) 
   

 
1 Due to missing values for BMI, smoking status 
2 Regression coefficients from Poisson regression models 
 

1.4.2 ALTERNATIVES TO DEAL WITH MISSING VALUES 

Mean nutrient and food group intakes calculated upon three different approaches to deal with 

missing values in the FFQ2002 are given in tables III-16 and III-17. Overall, the replacement by 

null-consumption and by median frequencies approximated completed responses very good. 

Neither any of the food groups nor any of the nutrients were under- or overestimated heavily. 

On the food group level, both methods underestimated real intake slightly for most of the 

groups. Exceptions were fruits in men, dairy products and cheese in both genders, and cake 

and processed meat in women. For these, intake was overestimated slightly by the 

replacement with median frequencies. 
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On the level of nutrients, calcium was overestimated in both genders by the replacement by 

median frequencies, obviously due to dairy products and cheeses. In the group of women 

cholesterol and vitamin C were overestimated slightly.  

The comparison of spearman correlation coefficients showed very high coefficients for both 

approaches ranging from 0.92 to 1.0 for food groups and between 0.96 and 1.0 for nutrients. 

If coefficients between approaches were different, the replacement by median frequencies 

yielded higher correlation coefficients most often (data not shown).  

 

Table III-16: Comparison of food intake according to three different approaches to replace missing 
values in FFQ2002, EPIC-Potsdam comparison study, n=512 
 
Food group  Men (n=230) Women (n=282) 

 Completed 
FFQ1 

“no 
consumption”2

Median 
intake 

frequency3 

Completed 
FFQ1 

“no 
consumption”2 

Median 
intake 

frequency3 

 Food intake (g/day) 

Mean4 (SD) 

Potatoes  107.1 
(52.4) 

106.7  
(52.1) 

106.8  
(52.1) 

86.2  
(41.6) 

86.1  
(41.7) 

86.2  
(41.7) 

Vegetables 125.5  
(55.2) 

122.7* 
(56.0) 

124.6  
(55.1) 

152.6 
(62.7) 

151.8*  
(62.4) 

152.2  
(62.3) 

Legumes 4.0  
(3.0) 

3.9  
(3.0) 

4.0  
(3.0) 

3.2  
(2.5) 

3.2  
(2.5) 

3.2  
(2.5) 

Fruits  232.9  
(155.5) 

232.6  
(155.5) 

233.3  
(155.3) 

283.8 
(151.5) 

282.9  
(151.8) 

283.7  
(151.5) 

Dairy products 169.3  
(137.7) 

168.8  
(137.9) 

173.1*  
(138.4) 

183.4  
(140.0) 

182.2  
(140.3) 

185.6  
(141.5) 

Cheese  49.6  
(27.9) 

49.3  
(28.2) 

50.5  
(28.4) 

54.8  
(28.3) 

54.3  
(28.3) 

55.3  
(28.6) 

Cereals  5.2  
(11.3) 

5.2  
(11.3) 

5.2  
(11.3) 

6.0  
(11.7) 

6.0  
(11.7) 

6.0  
(11.7) 

Pasta  17.4  
(13.4) 

17.4  
(13.4) 

17.4  
(13.4) 

21.5  
(13.7) 

21.5  
(13.7) 

21.5  
(13.7) 

Bread  128.0  
(85.2) 

126.7  
(84.6) 

127.0  
(84.7) 

117.1  
(75.8) 

115.0  
(73.5) 

115.0*  
(73.4) 

Cake  52.9  
(34.2) 

52.5  
(34.2) 

52.7  
(34.1) 

45.1  
(27.3) 

45.1  
(27.2) 

45.2  
(27.2) 

Red meat 33.8  
(17.6) 

32.8*  
(17.6) 

33.2*  
(17.3) 

24.8  
(13.0) 

24.4  
(13.0) 

24.6  
(12.9) 

Poultry  13.0  
(8.8) 

12.6  
(8.5) 

12.8  
(8.4) 

9.5  
(6.2) 

9.5  
(6.2) 

9.5  
(6.1) 

Processed 
meat 

63.2  
(31.6) 

63.1  
(31.4) 

63.1  
(31.5) 

48.5  
(27.8) 

48.4  
(27.8) 

48.6  
(27.7) 

continued 
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Food group  Men (n=230) Women (n=282) 

 Completed 
FFQ1 

“no 
consumption”2

Median 
intake 

frequency3 

Completed 
FFQ1 

“no 
consumption”2 

Median 
intake 

frequency3 

 Food intake (g/day) 

Mean4 (SD) 

Continued: 

Fish  

 

23.1  
(15.1) 

 

22.9  
(15.3) 

 

23.1  
(15.2) 

 

22.8  
(14.5) 

 

22.7  
(14.3) 

 

22.7  
(14.3) 

Eggs  10.6  
(6.4) 

10.6  
(6.4) 

10.6  
(6.4) 

10.2  
(5.9) 

10.2  
(5.9) 

10.2  
(5.9) 

Fat  34.3  
(17.0) 

34.0  
(17.0) 

34.1  
(16.9) 

31.6  
(15.5) 

31.0  
(15.0) 

31.1  
(15.0) 

Sugar  31.1  
(19.7) 

30.8  
(19.9) 

30.9  
(19.8) 

27.4  
(17.2) 

27.2  
(17.1) 

27.4  
(17.2) 

Non-alcoholic 
beverages 

1221.1  
(678.6) 

1187.7*  
(669.9) 

1202.8  
(665.2) 

1466.6 
(694.8) 

1452.9  
(693.0) 

1465.1 
(686.4) 

Sauces  24.5  
(10.8) 

23.9*  
(11.1) 

24.2  
(10.8) 

22.9  
(12.6) 

22.7*  
(12.5) 

22.8  
(12.6) 

Soups  31.5  
(20.6) 

28.2  
(16.2) 

29.5  
(16.1) 

26.5  
(16.2) 

26.1  
(16.3) 

26.2  
(16.3) 

Miscellaneous  2.0  
(2.0) 

2.0  
(1.9) 

2.0  
(1.9) 

2.4  
(3.2) 

2.4  
(3.2) 

2.4  
(3.2) 

 
1 Missing values in FFQ2002 are completed by telephone-interview 
2 Missing values are replaced by zero, i.e. no consumption 
3 Missing values are replaced by median frequencies of intake in the remaining FFQ 
4 Equality of means between replaced version and completed version tested with paired difference t-test * p<0.01 
 
 
Table III-17: Comparison of nutrient intake according to three different approaches to replace missing 
values in FFQ2002, EPIC-Potsdam comparison study, n=512 
 
Nutrient  Men (n=230) Women (n=230) 

 Completed 
FFQ1 

“no 
consumption”2

Median 
intake 
frequency3 

Completed 
FFQ1 

“no 
consumption”2 

Median 
intake 
frequency3 

 Mean4 (SD) 

Energy (kJ/d) 8401  
(2323) 

8338*  
(2353) 

8387  
(2320) 

7368  
(1973) 

7307*  
(1953) 

7348  
(1951) 

Protein (g/d) 69.1  
(18.1) 

68.3*  
(18.5) 

68.9  
(18.1) 

62.7  
(16.2) 

62.2*  
(16.2) 

62.7  
(16.1) 

Fat (g/d) 80.0  
(23.5) 

79.3*  
(23.8) 

79.9  
(23.4) 

71.0  
(20.5) 

70.4*  
(20.2) 

70.8  
(20.3) 

Saturated fatty 
acids (g/d) 

32.1  
(10.3) 

31.8*  
(10.4) 

32.1  
(10.3) 

28.3  
(9.2) 

28.1  
(9.1) 

28.3  
(9.1) 

Monounsat. fatty 
acids (g/d) 

28.3  
(8.5) 

28.1*  
(8.6) 

28.3  
(8.5) 

24.8  
(7.6) 

24.6*  
(7.4) 

24.7  
(7.4) 

continued: 
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Nutrient  Men (n=230) Women (n=230) 

 Completed 
FFQ1 

“no 
consumption”2

Median 
intake 
frequency3 

Completed 
FFQ1 

“no 
consumption”2 

Median 
intake 
frequency3 

 Mean4 (SD) 

Continued: 

Polyunsaturated 
fatty acids (g/d) 

 

14.4  
(5.2) 

 

14.3*  
(5.2) 

 

14.3  
(5.2) 

 

13.3  
(4.6) 

 

13.1*  
(4.6) 

 

13.1  
(4.6) 

Cholesterol 
(µg/d) 

274.8  
(76.8) 

272.3*  
(78.5) 

174.6  
(76.9) 

243.6  
(73.2) 

242.3*  
(73.0) 

243.9  
(72.8) 

Carbohydrates 
(g/d) 

211.7  
(74.2) 

210.3*  
(74.6) 

211.2  
(74.2) 

195.4  
(63.7) 

193.8  
(63.1) 

194.8  
(63.1) 

Dietary fibre (g/d) 21.5  
(8.2) 

21.3*  
(8.3) 

21.4  
(8.2) 

22.3  
(7.5) 

22.2  
(7.6) 

22.2  
(7.5) 

Alcohol  20.2  
(20.9) 

20.2  
(20.9) 

20.2*  
(20.9) 

9.2  
(10.3) 

9.2  
(10.3) 

9.2  
(10.3) 

Vitamin A (mg/d) 1.6  
(0.6) 

1.6*  
(0.6) 

1.6  
(0.6) 

1.6  
(0.6) 

1.6*  
(0.6) 

1.6*  
(0.6) 

β-carotene 
(mg/d) 

2.9  
(1.3) 

2.8*  
(1.3) 

2.8  
(1.3) 

3.6  
(2.1) 

3.6*  
(2.1) 

3.6  
(2.1) 

Vitamin E (mg/d) 11.3  
(4.1) 

11.2*  
(4.1) 

11.3  
(4.1) 

11.5 
(3.7) 

11.4*  
(3.7) 

11.4  
(3.7) 

Vitamin B1 
(mg/d) 

1.2  
(0.4) 

1.2*  
(0.4) 

1.2*  
(0.4) 

1.1  
(0.3) 

1.1*  
(0.3) 

1.1  
(0.3) 

Vitamin B2 
(mg/d) 

1.5  
(0.4) 

1.5*  
(0.4) 

1.5  
(0.4) 

1.4  
(0.4) 

1.3*  
(0.4) 

1.4  
(0.4) 

Vitamin C (mg/d) 145.7  
(94.6) 

144.4  
(94.6) 

145.3  
(94.4) 

169.9  
(87.9) 

169.1  
(87.9) 

170.3  
(87.7) 

Folic acid (µg/d) 108.4  
(33.9) 

107.4*  
(34.3) 

108.4  
(33.8) 

109.5  
(34.3) 

108.4*  
(34.5) 

109.0  
(34.2) 

Calcium (mg/d) 727.1  
(280.6) 

720.1  
(284.8)* 

729.8  
(281.9) 

774.2  
(278.0) 

768.9  
(278.9) 

778.1  
(276.0) 

Iron (mg/d) 12.6  
(3.8) 

12.4*  
(3.8) 

12.5* 
(3.8) 

12.0  
(3.2) 

11.9  
(3.2) 

11.9  
(3.2) 

 
1 Missing values in FFQ2002 are retrospectively completed by telephone-interview 
2 Missing values are replaced by zero, i.e. no consumption 
3 Missing values are replaced by median frequencies of intake in the remaining FFQ 
4 Equality of means between replaced version and completed version tested with paired difference t-test * p<0.01 
 

 
2 PORTION SIZE INFORMATION 

Besides the reduction and modification of the food item list the influence of the omission of 

separate questions about portion size regarding the measurement of inter-individual variance 

was analysed. The potential increase in variance through the assignment of gender-, age- or 

BMI- specific portion sizes was analysed additionally.  
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Food consumption at baseline assessed with FFQ1994 showed significant gender differences 

in all food groups except for sweets and cheese. Cereals, coffee, tea, fruits, vegetables, milk, 

milk products and soft drinks were consumed in higher amounts by women, whereas men 

consumed higher amounts of potatoes, meat, soups, desserts, bread, fats, eggs, salty 

snacks, sweets, legumes, fish, cake, alcoholic beverages, processed meat, spreads, cheese, 

sauce and nuts. Consumption of most of the food groups was different for participants with a 

BMI of 26 kg/m2 or higher and those with a BMI of less than 26 kg/m2. No differences 

according to BMI were observed for coffee, tea, fruits, milk, milk products, cheese, sauce and 

nuts. Individuals with BMI of 26 kg/m2 or higher most often consumed higher amounts than 

individuals with lower BMI values. However, compared to participants with lower BMI, 

consumption of cereals, fats, salty snacks, sweets, cake, spreads, cheese and nuts was 

lower in the higher BMI group. Comparison of age groups revealed significantly different 

consumed amounts of all food groups except for bread, coffee, tea, alcoholic beverages, 

vegetables and milk, milk products. Gender was the most discriminating variable with regard 

to the mean food consumption. Percentage of non-consumers varied across food items. 

Across all food groups, the proportion of non-consumers was 21.5 % on average, with a 

range of 94.1 % (vegetarian spreads) to 0.3 % (boiled potatoes). 

Differences in consumed amounts of most of the cereal items were due to variation in 

reported portion sizes as well as reported frequencies of intake (table III-18a-c). Mean 

portion sizes and mean consumption frequencies differed between men and women for all 

food items of this food group except for the consumption frequency of cornflakes and crisps. 

Differences in reported portion size and reported consumption frequency according to BMI 

and age groups were also observed, however, not as consistent as for gender. Taking all 15 

comparisons into account, 12 portion sizes differed and 13 consumption frequencies showed 

differences.  

In table III-19 explained variance of food intake is shown for all food groups. On average 

83.4 % of variance in food intake was explained by frequency of intake solely (model (1)), 

with the highest values for French fries (95.6 %) and the lowest for nuts (70.6 %). In general, 

compared to other food groups, the proportion of variance in intake explained only by 

frequency of intake was greatest for potatoes. Variance in nuts’ intake was explained least by 

frequency solely. The range of the single R2-values for items of one food group in most cases 

was rather small. Loss of variance due to omission of portion size information ranged 

between 4.4 % and 29.4 %. 

Allowing group specific portion sizes in regression models did only marginally improve values 

of explained variance in food intake compared to an overall portion size. Stratification for 

gender, age and BMI yielded highest values, but in comparison to model (1) in general less 

than one percent of R2 was gained. 
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Table III-20 shows correlation coefficients of nutrient intake between the original FFQ1994 data 

and the 24HR data, and the simulated data and 24HR of 134 participants of the validation 

study. The range of the correlation coefficients was 0.36 (β-carotene) to 0.62 (saturated fatty 

acids) with a mean value of 0.52 for FFQ versus 24h-recall and 0.38 (β-carotene) to 0.56 

(energy) with a mean of 0.48 for simulated FFQ versus 24h-recall. 

In an initial analysis of the data obtained in the comparison study identical portion sizes for 

both genders were assigned for each item in FFQ2002. The relation of intake between genders 

was compared. In 13 food groups the amount of food group intake turned out to be more 

similar between men and women in FFQ2002 than measured by FFQ1994. A comparison of 

amounts revealed that for the food groups potatoes, eggs, bread, red meat, processed meat 

and fish the consumption for men in FFQ2002 was less than the one measured by FFQ1994, 

whereas for the food groups poultry and legumes amounts for women were overestimated. It 

was decided to assign portion sizes stratified by gender to those food items belonging to the 

food groups potatoes, red meat and legumes. Gender specific portion sizes were only 

included when inquiry of the food item did not specify a distinct amount, like “one egg”, i.e. 

gender specific amounts were specified only when it was inquired for “one portion” . 
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Table III-18a: Proportion of participants consuming cereals, reported portion sizes, and frequencies of 
intake stratified by gender, EPIC-Potsdam Study, n=27,204  
 
Food item Men (n = 10,775) Women (n = 16,429) 

 consumer % 

mean portion size (g/day) 1 (95% CL) 

mean frequency of intake (times/day) (95% CL) 

32  50  

52.5 (51.7; 53.3) 47.7 (47.3; 48.2) 

Cereal flakes, grains, muesli 

0.264 (0.252; 0.276) 0.240  (0.232; 0.247) 

27  40  

36.4 (35.8; 36.9) 34.3 (34.0; 34.7) 

Cornflakes, crisps . 

0.141 (0.132; 0.149) 0.134 (0.129; 0.139) 

94  98  

126.0 (125.2; 126.7) 109.0 (108.3; 109.5) 

Pasta 

0.090 (0.089; 0.092) 0.102 (0.100; 0.103) 

92  96  

110.4 (109.7; 111.2) 97.0 (96.5; 97.6) 

Rice 

0.075 (0.074; 0.077) 0.088 (0.086; 0.089) 

18  24  

135.1 (133.3; 136.9) 128.3 (127.2; 129.5) 

Vegetarian dishes 

0.046 (0.043; 0.050) 0.060 (0.056; 0.063) 
 

1 Participants who reported no consumption are excluded 
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Table III-18b: Proportion of participants consuming cereals, reported portion sizes, and frequencies of 
intake stratified by BMI, EPIC-Potsdam Study, n=27,204  

 
Food item BMI<26 kg/m2 (n = 14,228) BMI≥26 kg/m2 (n = 12,976) 

 consumer % 

mean portion size (g/day) 1 (95% CL) 

mean frequency of intake (times/day) (95% CL) 

49  36  

49.4 (48.9; 49.9) 48.8 (48.3; 49.4) 

Cereal flakes, grains, muesli 

0.264 (0.256; 0.272) 0.222 (0.214; 0.231) 

39  30  

34.4 (34.0; 34.8) 35.7 (35.2; 36.2) 

Cornflakes, crisps  

0.139 (0.133; 0.145) 0.132 (0.125; 0.139) 

97  96  

115.1 (114.4; 115.8) 116.0 (115.3; 116.7) 

Pasta 

0.104 (0.102; 0.105) 0.090 (0.088; 0.091) 

95  93  

101.2 (100.6; 101.8) 103.3 (102.6; 103.9) 

Rice 

0.086 (0.084; 0.087) 0.080 (0.078; 0.081) 

26  17  

131.1 (129.9; 132.4) 129.6 (128.0; 131.2) 

Vegetarian dishes 

0.060 (0.056; 0.063) 0.048 (0.045; 0.051) 

 
1 Participants who reported no consumption are excluded 
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Table III-18c: Proportion of participants consuming cereals, reported portion sizes, and frequencies of 
intake stratified by age, EPIC-Potsdam Study, n=27,204  

 
Food item Age <50 years (n = 13,078) Age ≥50 years (n = 14,126) 

 consumer % 

mean portion size (g/day) 1 (95% CL) 

mean frequency of intake (times/day) (95% CL) 

48  38  

50.6 (50.0; 51.1) 47.5 (47.0; 48.1) 

Cereal flakes, grains, muesli 

0.212 (0.204; 0.220) 0.288 (0.278; 0.298) 

44  26  

35.8 (35.4; 36.2) 33.6 (33.2; 34.1) 

Cornflakes, crisps  

0.128 (0.123; 0.133) 0.149 (0.141; 0.157) 

98  95  

123.7 (123.0; 124.4) 107.6 (107.0; 108.3) 

Pasta 

0.114 (0.112; 0.115) 0.081 (0.080; 0.083) 

96  92  

106.0 (105.3; 106.6) 98.6 (98.0; 99.2) 

Rice 

0.090 (0.088; 0.091) 0.076 (0.075; 0.078) 

29  15  

132.7 (131.4; 133.9) 126.6 (125.1; 128.2) 

Vegetarian dishes 

0.057 (0.053; 0.060) 0.053 (0.049; 0.057) 

 
1 Participants who reported no consumption are excluded 
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Table III-19: Variation in food intake explained by frequency of consumption, according to age, gender 
or BMI in baseline FFQ1994, EPIC-Potsdam study, n=27,2041 
 
Food group Overall Age 2 BMI 3 Sex Age; Sex 4 Sex; BMI 5 Age; Sex; BMI 6

 R2 * 100% 

Potatoes  92.6 92.6 92.6 93.3 93.3 93.3 93.4 

Meat 89.5 89.6 89.6 90.6 90.8 90.8 91.1 

Soups 89.0 89.0 89.2 89.4 89.5 89.6 89.6 

Cereals  87.6 87.9 87.7 87.9 88.3 88.0 88.4 

Desserts 87.3 87.6 87.4 87.5 87.8 87.7 88.0 

Bread  86.2 86.2 86.2 86.8 86.9 86.8 86.9 

Fats  86.5 86.5 86.6 87.2 87.2 87.2 87.2 

Eggs 85.8 86.2 85.8 85.8 86.2 86.0 86.5 

Salty snacks 85.4 85.8 85.5 85.8 86.3 85.9 86.8 

Sweets 84.2 84.2 84.3 84.2 84.3 84.4 84.5 

Legumes 84.5 84.7 84.6 84.9 85.2 85.0 85.3 

Fish 84.6 84.6 84.9 85.1 85.3 85.4 85.6 

Coffee, tea 84.0 84.2 84.1 84.1 84.3 84.3 84.6 

Cake 83.6 83.7 83.7 84.0 84.1 84.0 84.2 

Fruits 82.8 82.9 82.9 82.8 83.0 83.0 83.1 

Alcoholic beverages 81.4 82.2 82.2 81.9 82.9 82.7 83.3 

Vegetables 80.9 81.2 81.2 81.1 81.6 81.5 82.1 

Milk, milk products 80.9 81.1 81.0 81.0 81.3 81.1 81.5 

Soft drinks 80.7 80.7 81.1 80.9 81.0 81.3 81.5 

Processed meat 80.3 80.4 80.4 80.7 80.9 80.8 81.1 

Spreads  79.0 79.2 79.0 79.2 79.4 79.2 79.4 

Cheese 78.3 78.3 78.4 78.4 78.5 78.5 78.6 

Sauce 76.5 76.5 76.5 76.5 76.9 76.6 77.0 

Nuts 70.6 70.9 70.7 70.8 71.2 71.0 71.3 

Overall (mean) 83.4 83.6 83.6 83.7 84.0 83.9 84.2 
 
1 Values are mean percentages 
2 Two age categories (< 50 years, ≥ 50 years),  
3 Two BMI-categories (< 26 kg/m2, ≥ 26 kg/m2)  
4 Categories by age and gender  
5 Categories by gender and BMI  
6 Categories by age, gender and BMI 
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Table III-20: Correlation coefficients for nutrient intake between FFQ1994 with and without variable 
portion size and based on 24HR1, EPIC-Potsdam validation study, n=134  
 
Food group r   2 

 FFQ variable portion sizes3 versus 

24h-recall 

FFQ assigned portion size4 versus 24h-

recall 

Energy 0.62  0.56 

Protein 0.55 0.50 

Fat 0.59 0.50 

Saturated fatty acids 0.62 0.55 

Monounsat. fatty acids 0.57 0.50 

Polyunsat. fatty acids 0.57 0.46 

Cholesterol 0.52 0.47 

Carbohydrates 0.54 0.51 

Dietary Fibre 0.45 0.43 

β-Carotene 0.36 0.38 

Vitamin A 0.42 0.39 

Calcium 0.53 0.53 

Iron 0.45 0.42 

 
1 Nutrient intake calculated as the mean of 10-12 repeated 24h-recalls 

2 Spearman rank correlation coefficients 
3 Original data 
4 Simulated data 
 

3 SUMMATION QUESTIONS 

In order to decide about the incorporation of summation questions in the new FFQ2002 the 

performance of summation questions in FFQ1994 regarding the ranking of study participants 

and the influence on absolute intakes was evaluated.  

Comparison of crude FFQ1994 data (without correction) to 24HR data in the EPIC-Potsdam 

validation study indicated significant overreporting for vegetables (39 %), bread (31 %) and 

non-alcoholic beverages (33 %) in men. In women, intakes of vegetables (91 %), bread 

(60 %), meat (29 %), cheese (41 %) and non-alcoholic beverages (38 %) were significantly 

overestimated. In contrast, consumption of sausage appeared significantly under-reported, in 

both men and women, by 30 % and 23 %, respectively.  

Use of individual correction factors decreased each consumed amount except for sausage in 

men. After correction, significant underreporting occurred for fruit (-41 %), vegetables (-

24 %), meat (-13 %) and sausage (-22 %) in men. Bread still appeared significantly 

overreported. In women, corrected amounts of fruit (-30 %) and sausage (-32 %) indicated 

substantial underreporting. Bread still turned up to be over-reported. No relevant differences 
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for cheese and non-alcoholic beverages in both men and women, and additionally, for 

vegetables and meat in women could be detected.  

The use of correction factors improved 11 out of 14 correlation coefficients (table III-20). The 

overall percentage increase averages 20 % in men and 10 % in women. Before correction, 

correlation coefficients ranged from 0.30 for meat to 0.77 for beverages in men and from 

0.33 for sausage to 0.76 for non-alcoholic beverages in women. After correction, correlation 

coefficients increased to values between 0.38 for meat and 0.80 for non-alcoholic beverages 

in men and from 0.46 for meat to 0.77 for non-alcoholic beverages in women. In contrast to 

all other food groups, correlation coefficients for vegetables decreased after correction in 

both genders, from 0.45 to 0.28 and from 0.43 to 0.27 in men and women, respectively.  

 

Table III-21: Correlation coefficients between log-transformed FFQ1994 data (corrected and not 
corrected) and 24HR data, EPIC-Potsdam validation study, n=134 
 

Men (n=75) Women (n=59) 

FFQ not corrected FFQ corrected FFQ not corrected FFQ corrected 

Food Group 

r 1 

Fruit 0.55 0.65 0.66 0.68 

Vegetables 0.45 0.28 0.43 0.27 

Bread 0.38 0.52 0.45 0.63 

Meat 0.30 0.38 0.53 0.46 

Sausage 0.40 0.57 0.33 0.55 

Cheese 0.51 0.74 0.61 0.65 

non-alcoholic 

beverages 

0.77 0.80 0.76 0.77 

 
1 Deattenuated [129] Pearson correlation coefficients  
 

Summation question about overall weekly consumption of items of the food groups 

vegetables, fruits, cheese, processed meat and meat were included in FFQ2002. As a 

potential correction for overestimation an overall question about consumption of bread and 

bread rolls was set at the beginning of the questionnaire, followed by questions asking for 

relative frequencies (never, seldom, sometimes, often, always) of different types of bread 

and bread rolls. Furthermore the consumption of fats spread on bread was assessed 

accordingly, inquiring for relative consumption of butter, low fat margarine, margarine and 

lard on bread. 

The use of correction factors in FFQ2002 decreased consumed amounts of vegetables and 

fruits in both genders in comparison to crude data (table III-22). The reduction was more 
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profound in women (45 % for fruits and 12 % for vegetables) than in men (38 % for fruits and 

2 % for vegetables). For the remaining food groups cheese, red meat, poultry and processed 

meat the correction resulted in increased amounts. Increase in consumption ranged from 

8 % to 17 % for men and from 3 % to 16 % for women.  

On the aggregated level of nutrients change due to correction by summation questions was 

less pronounced (table III-23). Intake of energy, polyunsaturated fatty acids and 

carbohydrates decreased in both genders. Furthermore intake of most vitamins decreased 

slightly due to a decrease in fruit and vegetable consumption. Intake of protein, fat, saturated 

and monounsaturated fatty acids increased slightly in connection with the increase in meat 

and cheese consumption. 

Most of the correlation coefficients between FFQ2002 and FFQ1994 increased due to correction 

of amounts of intake. Only the correlation of consumption of poultry in men and processed 

meat in both genders decreased slightly (table III-22). On the level of nutrients, correlation 

coefficients for 17 nutrients increased whereas coefficients decreased for 15 nutrients (table 

III-23).   

 

Table III-22: Effect of summation questions on food group intake in FFQ2002, EPIC-Potsdam 
comparison study, n=512 
 
Food group Men (n=230) Women (n=282) 
 %1 r uncorr

2 r corr
3 %1 r uncorr

2 r corr
3 

Vegetables 98 0.42 0.43 88 0.47 0.49 
Fruits  62 0.58 0.64 55 0.50 0.56 
Cheese  117 0.45 0.56 116 0.55 0.62 
Red meat 110 0.41 0.43 103 0.56 0.59 
Poultry  108 0.43 0.42 103 0.41 0.47 
Processed 
meat 

113 0.56 0.55 111 0.67 0.63 

 
1 Daily consumption after correction by summation questions as percentage of consumption without correction 
2 Spearman rank correlation coefficients between uncorrected FFQ2002 data and FFQ1994 data 
3 Spearman rank correlation coefficients between corrected FFQ2002 data and FFQ1994 data 
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Table III-23: Effect of summation questions on nutrient intake in FFQ2002, EPIC-Potsdam comparison 
study, n=512 
 
Nutrient  Men (n=230) Women (n=282) 
 % 1 r uncorr

2 r corr
3 %1  r uncorr

2 r corr
3 

Energy  97 0.52 0.54 96 0.58 0.59 
Protein  102 0.46 0.47 101 0.55 0.53 
Fat  101 0.53 0.55 101 0.51 0.50 
Saturated fatty 
acids  

102 0.60 0.63 103 0.56 0.55 

Monounsaturated 
fatty acids  

102 0.53 0.52 102 0.54 0.52 

Polyunsaturated 
fatty acids  

99 0.49 0.48 99 0.41 0.40 

Cholesterol  103 0.61 0.56 103 0.62 0.62 
Carbohydrates  93 0.56 0.54 90 0.59 0.58 
Dietary fibre  89 0.52 0.48 85 0.53 0.51 
Alcohol  100 0.82 0.82 99 0.82 0.82 
Vitamin A  104 0.49 0.50 98 0.60 0.57 

β-carotene  96 0.48 0.52 90 0.64 0.65 

Vitamin E  96 0.54 0.54 93 0.45 0.47 
Vitamin B1  98 0.50 0.51 95 0.58 0.56 
Vitamin B2  100 0.47 0.50 97 0.57 0.57 
Vitamin C  81 0.55 0.55 74 0.56 0.61 
Folic acid  93 0.51 0.58 87 0.59 0.61 
Calcium  103 0.49 0.60 101 0.54 0.57 
Iron  96 0.48 0.49 93 0.55 0.53 

 
1 Daily consumption after correction by summation questions as percentage of consumption without correction 
2 Spearman rank correlation coefficients between uncorrected FFQ2002 data and FFQ1994 data 
3 Spearman rank correlation coefficients between corrected FFQ2002 data and FFQ1994 data 
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IV DISCUSSION 

The new FFQ, FFQ2002, was developed to be applied during the follow-up of the EPIC-

Potsdam study in order to yield high response rates and complete FFQ in the repeated 

dietary assessment. The comparison of partial non-response to the previous FFQ, FFQ1994, 

showed FFQ2002 to provide data of higher quality since 94 % of FFQ were returned with ten 

or less missed items on the contrary to 73 % with FFQ1994. 

FFQ2002 was comprised of 102 food items, mainly selected to be the most informative in 

regard to the discrimination of study participants according to nutrient and food intake in the 

baseline dietary data. Stepwise regression analyses and the computer algorithm Max_r were 

applied for their identification. Contribution analyses according to Block completed the 

selection methods, with the specific aim not to miss very important contributors to absolute 

nutrient and food intake in the EPIC-Potsdam cohort. Out of the baseline FFQ1994 food list 19 

food items turned out to be negligible, because of minor importance to variance in nutrient 

and food intake. The supplementary analysis of open information of 24HR revealed further 

11 foods to be important which had not been included in FFQ1994.  

As questions about portion sizes were of minor importance regarding the measurement of 

intake variance, a semiquantitative format inquiring about the consumption frequency of a 

given amount of food was adopted. 

Summation questions about general consumption patterns of selected food groups were 

included, because the ranking of study participants with respect to nutrient and food group 

intake could be improved by their use. However, for the food group bread, the summation 

question was included into the item list combined with the inquiry of relative frequencies of 

intake for different bread types and fat spreads. This mode of inquiry seemed to cause 

differences in study participants’ reports and decreased the ranking profoundly.  

There might have been limitations in the design of the EPIC-Potsdam comparison study. The 

two FFQ were not applied in a cross-over design, but FFQ2002 was always applied prior to 

FFQ1994. Perhaps participants learned from filling in the FFQ2002 what in turn could have 

influenced the performance of FFQ1994. However, since both questionnaires were different in 

layout and arrangements of food items it is assumed that such influence if at all was only 

marginally present. Furthermore, due to the sampling frame of EPIC there was no possibility 

to draw a random sample of the whole cohort but only of those participants eligible to the 

third follow-up examination in the year 2002. Those, who returned FFQ2002 first, received 

FFQ1994 to fill it in. It can be suspected that the first participants in the cohort study and those 

who returned FFQ2002 quickest were a somehow selected sample. However, taking the 

comparison of general characteristics to the whole cohort, the selection only seemed to be 

marginally. This, furthermore, corroborates the internal validity of the EPIC-Potsdam study, 



DISCUSSION   66 

since the results of the comparison study are supposed to be generalizable to the whole 

cohort. A comparison of study participants’ characteristics with data obtained in the National 

Health Survey in Germany 1991/1992 revealed that EPIC-Potsdam participants were 

healthier and of higher socio-economic status than the source population [113]. Moreover, it 

is likely that key food items differ slightly by age, ethnicity or further demographic factors [58, 

130]. Both of these aspects might decrease the external validity of the results obtained 

during the development of the questionnaire. However, external validity was judged to be of 

minor importance for the EPIC-Potsdam study since relative risks are derived within the 

study.  

 

1 THE FOOD ITEM LIST 

1.1 METHODOLOGICAL CONSIDERATIONS 

1.1.1 APPROACHES FOR THE SELECTION OF FOOD ITEMS 

There are several different methodological approaches to construct a food item list that is 

targeted at the assessment of intake of specific nutrients or foods. The methods vary in their 

degree of underlying statistical analyses of basic intake data.  

Sometimes simply commonly consumed foods are included [76, 131-133]. A further simple 

approach is to choose those foods out of published food composition tables that contain 

substantial amounts of nutrients [62]. However, thereby foods high in nutrient content that 

are eaten very rarely would be included unnecessarily [6].  

The data-driven proceeding to use an existing FFQ and modify and abbreviate its food list by 

the use of population-specific source data seemed reasonable, as its usefulness has been 

described in the literature. Willett et al. [33] reduced an initial FFQ comprising 99 items to 61 

items. This FFQ was designed to assess intake of 17 nutrients. Decarli and co-workers [43] 

also tried to reduce an initial FFQ, which comprised 146 items. They constructed two food 

item lists, one covering 90 % of intake variance by 83 items, the other covering 75 % by 56 

food items. Others used dietary data obtained by 24HR or dietary records to find additional 

food items for an existing FFQ to meet characteristic food consumption patterns for ethnic 

groups [134]. Even very short dietary assessment instruments (screeners) were judged to 

provide useful exposure information for the calculation of disease risks and reflection of study 

participants’ ranking [73, 76, 133, 135-138].  

In this investigation, three different methods based on statistical concepts were used to 

identify those food items that should be included into the food item list for FFQ2002. The 

comparison of these methods with respect to the selection of food items affirmed initial 

assumptions going along with findings of other researchers [34, 43]. The contribution 
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analysis according to Block and the stepwise regression approach which are both based on 

different statistical concepts, led to different selected food items. Thereby the idea was 

confirmed that across the study population foods were consumed in varying amounts and 

therefore contribute to variance in nutrient intake which were not necessarily those foods 

contributing substantial amounts to absolute nutrient intake. Byers et al. [39] graphically 

compared slopes of curves depicting cumulative R2 and slopes of curves representing the 

percent of total nutrient intake actually contained within the food items. Slopes for the latter 

curves were flatter, thus confirming that high amounts of variance in nutrient intake can be 

explained by small numbers of foods, but that many more foods would be required to 

constitute a large fraction of the nutrient intake.  

The number of important food items for the explanation of variance in intake depends on the 

nutrient under investigation. There are nutrients, whose variance in intake can be explained 

by a few key food items, whereas others need a more comprehensive list of foods to be 

inquired about. This is, because there are some nutrients which have few major sources in 

contrast to other nutrients that are provided by a lot of foods. This explains the fact that for 

several nutrients in this work – β-carotene, vitamin A, vitamin C, calcium and alcohol – only 

six or less foods were selected to explain 80 % of variance in intake. Iron, total energy, 

protein and folic acid on the contrary needed 20 or more food items in order to explain at 

least 80 % of variance in intake. Stryker et al. [139] identified vitamin A, cholesterol, β-

carotene, vitamin B12 and vitamin C as those nutrients being provided by few major sources, 

whereas total energy, potassium and total carbohydrates depicted the group of those foods 

needing an extended item list. An investigation of key foods for retinol, β-carotene, vitamin C 

and vitamin E judged the latter two to be nutrients requiring a longer food item list [42]. 

In one investigation in 1985 21 out of 128 food items were needed to explain 90 % of 

variance in total energy intake [39]. Decarli and co-workers [43] identified 18 food items out 

of a 146-item list to explain 80 % of variance in energy intake. A longer source item list, 

comprising 247 food items, led to the identification of 27 food items to explain 90 % of energy 

intake variance and Stryker et al. [139] explained 58 % of variance by 10 food items selected 

via stepwise regression procedures. Going along with these findings, in this investigation a 

group of 27 food items out of a total of 174 was needed to explain 80 % of variance in energy 

intake.  

Focussing on macronutrients including fatty acids the analyses in this investigation identified 

a mean number of 16.8 items for the explanation of 80 % of intake variance. Overvad et al. 

[34] needed an average of 15.5 items out of 247 to explain 90 % of variance. Byers et al. [39] 

identified an average of 18 out of 128 items to give 90 % of variance in fat or protein intake. 

Decarli needed 20 out of 247 items for the explanation of 80 % of variance [43]. 



DISCUSSION   68 

The vitamins A, C and β-carotene on the contrary needed less food items for the same 

explanation of variance in intake in this investigation, i.e. three, five and five food items, 

respectively. Willett et al. [6] identified seven foods including supplements out of a list of 

about 100 food items to explain 96 % of variance in vitamin C intake, Overvad and co-

workers needed seven foods for both retinol and vitamin C [34]. Byers selected eight and five 

important food items, respectively [39].  

The “variance explaining” methods, stepwise regression and Max_r, both provided similar 

lists of important food items which was not surprising due to the similar underlying statistical 

theory. This has already been seen by other investigators [6, 42]. For the application in the 

context of this work, the stepwise regression approach seemed to be superior due to the 

restrictions of the number of food items to maximally be investigated by Max_r. It was 

impossible to analyse all single food items of the 24HR using the Max_r algorithm. However, 

the application of a stepwise regression to a long list of food items can also be critical. Using 

a long list of items the probability of receiving significant results due to the correlation of 

nutrients to others is high. Furthermore, food items are more likely to be included in models 

by chance, if many food items constitute the group of independent variables in regression 

models [6]. Some investigators tried to conquer this problem by restricting their initial list of 

151 foods to those 20 foods, that contribute most to absolute nutrient intakes [139]. These 20 

foods were afterwards re-ranked according to their contribution to variance in intake derived 

by the application of stepwise regression models to select those food items that contribute to 

inter-individual variation in nutrient intake. Wakai et al. [44] also used a two staged procedure 

to develop a FFQ in Japan. Before applying the stepwise regression approach to one-day 

dietary record data the percent contribution to the total population intake was calculated. 

Those foods covering 90 % of total nutrient intakes were selected for further analyses 

applying regression methods. A similar procedure was adopted by Tokudome et al. [140]. 

Data of 351 one-day weighed diet records showed the consumption of 586 foods. Out of 

these 252 foods were selected that covered 80 % or 90 % of intake of 31 nutrients in the 

study population. These were combined and reduced to 183 foods by again choosing those 

contributing up to 90 % of intake and by stepwise regressions explaining 90 % of variance. 

After further food grouping and some intentional modifications 102 food items comprised the 

food item list for their new FFQ.  

Willett on the contrary suggested to increase the study population to about 1000 to 2000, so 

that even unimportant contributors to R2 would be statistically significant which, however, 

could be ignored [6]. The sample in this investigation was comprised of about 27,500 

participants so that statistical significance in regression models was not the criterion to judge 

about inclusion of food items. There might be some food items included into the single 

models due to chance, but the problem should not be severe, because most of the food 
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items were not selected only on the basis of one model for one nutrient, but they were 

selected by several different analyses. 

Besides the “contribution analysis” and the “variance explaining analysis” correlation 

coefficients have sometimes been used to judge the adequacy of short item lists. The Max_r 

algorithm also calculated correlation coefficients to select key food items. Out of the full Block 

Health Habits and History Questionnaire a reduced version was developed [141]. For the 

reduction approximately one thousand 98-item FFQ were analysed, that had been completed 

by a diverse sample of men and women, not intended to be representative of the US 

population. To decide which food items to exclude in the reduced version, items and 

additional questions of the original version were dropped one at a time and correlation 

coefficients with the full version were calculated. 60 food items have been selected to 

comprise the new item list that also respected differences for race, sex and age groups. All 

correlation coefficients between the reduced and the full item list were above 0.94. For the 

development of a fat screener the importance of items was judged by spearman correlation 

coefficients between short lists and full 98-item FFQ obtained from 150 women [54]. 

Furthermore, the short lists, again calculated from full FFQ, were tested in a pilot study to the 

Women’s Health Trial, in which the screening tool should actually be used, by comparing 

them to three four-day food records. Correlational analyses to construct an abbreviated 45-

item frequency questionnaire were also used by Graham et al. [66]. They identified important 

food items for the nutrients fat, animal fat, vegetable fat, dietary fibre, vitamins A, C, E, 

retinol, carotene and total energy out of a comprehensive 2.5 hours lasting dietary interview 

among 780 women. In order to find key foods for food based dietary guidelines the 

evaluation of correlations between nutrient intake through single foods and through all foods 

in survey data were recommended [142].  

Haile et al. [143] used the contribution analysis according to Block supplemented by two 

other strategies to select foods out of a comprehensive list. They focussed on the nutrients 

fat, fibre, vitamin A, C and E. Data obtained by a 249 item FFQ completed by 68 individuals 

were used for the statistical analyses. First, they compared ranking calculating spearman 

correlation coefficients between nutrient intake out of all 249 items and nutrient intake out of 

248 items. The impact of omission of one item on ranking was considered to decide about 

the importance of the item. Second, they calculated the mean nutrient intake per participant 

for each food and they third calculated main contributors to overall nutrient intake by the 

method according to Block. From each list they selected the first 17 items and thus 

constructed a 47 item food list for a FFQ.  
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1.1.2 SOURCE DATA 

Adequate source data about food consumption in populations is needed for the data driven 

selection of food items [45, 144].  

Survey data, detailed food intake data of a sample of the target population or information 

obtained from health professionals about typical food consumption can be used as the 

underlying data for the identification of appropriate food items [35]. Survey data should have 

been collected recently in order to cover new foods. If one has the possibility to obtain food 

intake data of a sample of the target population, 24HR data, dietary histories or participant 

observations are the most useful. 

The source data for the construction of FFQ2002 was dietary intake data obtained in the EPIC-

Potsdam baseline examination. The combination of detailed 24HR data of the representative 

sample and FFQ1994 data of all participants provided an ideal data base for the selection of 

informative food items.  

A lot of FFQ were constructed based on survey data (table I-1, table I-2) [34, 36, 53], but 

especially assessed intake data with 24HR [57, 58] or dietary records [44, 56] were also 

used. Source data obtained by 24HR or dietary records are very detailed covering a lot of 

descriptions for similar foods. Investigators who used such comprehensive detailed 

information about food intake grouped individual foods to items suitable for usage in FFQ 

item lists prior to their analyses for food item selection. Tsubono et al. [56] for example 

grouped 1624 different foods reported in dietary records into 154 food items. This procedure 

enables the investigation of a shorter list of food items and therefore covers a greater 

proportion of variance or a greater percentage contribution to intake by fewer items. The 

initial grouping and summation of single items reported in 24HR interviews was avoided 

during the development of FFQ2002, because the grouping would have been based on 

arbitrary assumptions not guaranteeing that they corresponded to perceptions of individuals 

that actually would fill in FFQ2002. Furthermore, the analysis of those items reported in 24HR 

should mainly serve as a supplementation to the analysis of baseline FFQ1994 items just to 

assure not to miss very important foods in this study population.  

 

1.1.3 SUBGROUP ANALYSIS 

It is reasonable to conduct analyses concerning the selection of informative food items 

among subgroups of the whole cohort, because different foods might be selected. Subgroups 

were defined according to gender in this analysis to account for different preferences of food 

consumption by men and women. The stratified analyses by gender in addition to analyses 

taking the non-stratified group revealed further foods to be included into the food item list .  
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Overvad and co-workers [34] developed a food item list on the basis of 247 food items 

reported in a comprehensive dietary history and analysed initial data also for subgroups. 

Stepwise regression analysis of subgroups according to gender identified a further eight 

foods to be important for the measurement of variance in intake of two or more of the 19 

target nutrients. The authors therefore judged the dietary habits between genders to be 

qualitatively very similar, whereas the level of overall energy intake seemed to be important 

in respect of quantitative and qualitative dietary habits. On the contrary to gender-

stratification the stratification according to energy intake (tertiles) showed more influence on 

the selection of food items. Additional eight foods could be revealed to be important for at 

least two nutrients in the highest tertile of energy intake in women, 26 in the lowest tertile, 

and in men 6 important items in the highest tertile and 23 in the lowest tertile. 

The analysis concerning informative food items conducted by Byers and co-workers [39] was 

also stratified by gender and, in addition, by age groups (less than 60 years, 60 to 69 years, 

70+ years). The stratification did not lead to the selection of different food items thus 

indicating a minor importance of the influence of age and gender on food item selection. In 

this investigation for FFQ2002 a differentiation according to energy intake might have been 

useful, but in order to keep calculations to a manageable size, this stratification was 

neglected.  

Another strategy to account for the influence of other variables with respect to food item 

selection was performed by Decarli et al. [43]. While calculating stepwise regressions, sex, 

geographical area and age were forced into each model. However, in order to account for 

differences between groups of individuals stratification was used in this work, thus giving no 

further need to include other factors into the models. Furthermore, the Max_r and Block 

methods would not have allowed to include gender somehow in the analysis other than by 

stratification.  

 

1.2 VARIANCE IN INTAKE AND RANKING OF STUDY PARTICIPANTS IN FFQ2002 

The evaluation of the FFQ2002 in comparison to FFQ1994 showed that the measurement of 

variance in nutrient intake could be improved for vitamin C in both genders and for vitamin A, 

β-carotene and calcium among women. It attracts notice that these are those nutrients only a 

very short list of foods was selected for as key foods. For the measurement of variance in 

intake of β-carotene and vitamin A especially the food item carrot/vegetable juice, and black 

currant juice for variance in vitamin C intake were included in FFQ2002. Focussing on food 

intake a significant increase in variation measured as standard deviation was achieved for 

bread and red meat in women. The measurement of variance in some cases was similar 

between questionnaires, although the absolute intake declined in FFQ2002.  
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Spearman correlation coefficients to investigate the ranking of study participants were about 

0.57 for both foods and nutrients on average. They lay within the range usually observed in 

reproducibility studies, which is 0.5 to 0.7 [6]. However, very low correlation coefficients were 

observed for the food groups bread (0.32) and fats (0.23). This must have been due to the 

altered approach of asking about the consumption of bread in FFQ2002. It was inquired for the 

overall consumption of bread and bread rolls, and the different types of bread and fats on 

bread were inquired about in relative frequencies of intake. Comparing single items 

contributing showed that wholegrain bread was reported in similar amounts in both FFQ in 

men, but amounts in women were smaller. All other comparisons showed a profound 

reduction in intake in FFQ2002, for example about 50 % for rye bread in men. The order of 

bread types according to the daily consumed amounts, however, was the same in the two 

FFQ. Rye bread was consumed in highest amounts, second was wholegrain bread and least 

consumed was white bread. It seems that the inclusion of the summation question about 

bread consumption, i.e. the inquiry about types of bread and fat spreads only in relative 

amounts that introduced a different algorithm for the calculation of intake into the programs, 

caused the discrepancies with respect to ranking of study participants.  

Several similar comparisons between abbreviated and full FFQ can be found in the literature. 

Willett and co-workers compared a compressed 61-item FFQ to an expanded 116-item 

version applied in 150 women approximately 3 years apart [46]. The correlation coefficients 

ranged from 0.46 for saturated fat to 0.66 for vitamin C. The comparison of a simulated 60-

item abbreviated Block questionnaire with the 100-item full instrument showed the two 

instruments to similarly rank study participants although mean intake values were lower for 

the 60-item version [145]. Schaffer et al. reduced an originally long FFQ that was interviewer 

administered to a version for telephone administration [101]. The food items were inquired 

about in a nested format starting with 49 main items and giving the possibility to report 

consumption of 325 food items. The original instrument comprised 69 main items with about 

800 possible foods. The two FFQ were administered four to five weeks apart to 190 

participants. Correlation coefficients ranged from 0.56 (β-carotene) to 0.91 (alcohol), with a 

mean correlation of 0.7. A comparison of standard deviations showed a slight increase for 

vitamin E, alcohol, and caffeine in men, and for some fatty acids in women. The comparison 

of FFQ1994 and FFQ2002 showed slightly lower correlations, but as both instruments by 

Schaffer et al. were interviewer administered, either in person or by telephone, it could be 

expected that reproducibility of results was better than in the EPIC-Potsdam self-

administered FFQ.   

The widely used Block and Willett FFQ have been compared regarding measurement of 

dietary intake [146]. The Willett FFQ was a semiquantitative 153-food item instrument, the 

Block FFQ was the 60-item version inquiring about portion sizes. In the investigation 101 
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women took part. The two questionnaires were compared to each other in respect of 

assessment of energy, fat, monounsaturated, polyunsaturated and saturated fats, protein, 

carbohydrates, alcohol, cholesterol, fibre, calcium, iron, vitamin A and vitamin C intake. The 

median correlation coefficient between FFQ was 0.6, with a range from 0.41 for protein as 

percentage of energy intake to 0.76 for alcohol as percentage of energy intake. The results 

of the comparison of FFQ1994 to FFQ2002 go along with these results.  

Studies comparing two applications of identical questionnaires provide data about the 

reproducibility of dietary intake measurements taking one FFQ. Several studies investigated 

short-term reproducibility covering periods between two and eight weeks. A FFQ for 

telephone-administration was repeated by 169 study participants, at the beginning and at the 

end of a two weeks interval [101]. Correlation coefficients ranged from 0.62 for animal protein 

to 0.96 for caffeine, with an average of 0.75. Tsubono et al. compared a FFQ applied two 

weeks apart [147]. The correlations between 27 food items were calculated. The median 

rank correlation coefficient was 0.62 with a range from 0.52 for “cabbage, lettuce" to 0.78 for 

“margarine”. One-month reproducibility of a 181-item FFQ among 111 pregnant women 

resulted in correlation coefficients between 0.44 (ice cream) and 0.91 (coffee) for foods and 

0.42 (ethanol) and 0.72 (calcium, riboflavin, sucrose) for nutrients [105]. Three FFQ with little 

differences were applied about four weeks apart to 242 women [148]. Spearman correlation 

coefficients for nutrients ranged from 0.52 (starch) to 0.88 (alcohol). Short-term 

reproducibility (four to eight weeks) of a 70-item interviewer administered FFQ was 

determined with correlation coefficients between 0.49 for polyunsaturated fatty acids and 

0.94 for alcohol [104]. The average was 0.72. Ninety participants completed a FFQ covering 

180 foods twice in a six weeks interval [102]. The median spearman correlation coefficient for 

foods was 0.70, with a range of 0.48 (edible fats) to 0.91 (coffee). Correlation coefficients for 

nutrients were 0.72 on average, with a range of 0.55 (carbohydrates as energy percentage) 

to 0.81 (alcohol). A 104-item FFQ was administered by interviewers eight weeks apart in a 

group of 93 men and women in the Netherlands [100]. Correlation coefficients ranged from 

0.71 for polyunsaturated fatty acids to 0.91 for energy, and from 0.56 (sauces) to 0.84 (sweet 

spreads) on the level of nutrients and foods, respectively. A 190-item FFQ was applied twice 

six weeks apart among 103 17-year old students [103]. The median Spearman rank 

correlation coefficient was 0.85, with a range from 0.63 (sugar energy percentage) to 0.91 

(alcohol). It has been investigated if some covariates like age, sex, education, relative 

weight, smoking or time between two administrations of FFQ had influence on the 

reproducibility of the instrument [107, 149]. No clear pattern has been observed so that 

investigators judged these covariates to be of no concern with respect to reproducibility. The 

comparison of FFQ2002 to FFQ1994 is not a reproducibility study, because for the development 

of FFQ2002 based on FFQ1994 considerable changes have been applied. However, the results 
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of reproducibility studies can be seen as the upper limit of correlations. The most often only 

slightly lower correlation coefficients between FFQ2002 and FFQ1994 than in short-term 

reproducibility studies therefore were expected and assure the ability of FFQ2002 to accurately 

rank subjects in comparison to FFQ1994. 

By the construction of food groups based on key foods for nutrient intake it was attempted to 

generate a clearer discrimination between and ranking of study participants. The assumption 

to be tested was that foods, which were consumed in similar amounts by a large group of 

study participants, diluted the distinction between “high consumers” and “low consumers”. 

The idea therefore was to neglect those food items that have not been selected as key foods 

for a specific nutrient. Nutrient intake only was calculated upon key foods, i.e. the initially 

selected foods. For instance, according to the selection taking the Max_r algorithm it was 

expected to achieve correlation coefficients only slightly lower than the cut-off criteria in the 

selection process. This would have meant the reconstruction of initial results with FFQ2002. 

However, the results of the comparison rendered the assumptions to be false. None of the 

nutrient intakes through food groups based on key foods provided a better ranking than the 

whole FFQ2002 in comparison to overall nutrient intake of FFQ1994. It was not even 

reproducible that those food items selected by “variance explaining” methods were superior 

to those items selected by “contribution analysis” according to Block.  

An explanation of this phenomenon might be that the models calculated for the selection of 

important food items were optimised for the EPIC-Potsdam data at hand. It can be doubted 

that these models can be reproducible in a different data set. It has been investigated in 

former times, whether regression coefficients, derived from regression models to predict 

individual daily intakes of nutrients were useful in calculating individual nutrient intakes [150]. 

The authors found that during an interval of two years, original regression equations were not 

optimal to describe nutrient intake anymore, because they were optimised for the population 

two years before. In an application of regression coefficients to calculate nutrient intake in a 

different sample of women than originally investigated for the derivation of regression 

coefficients, a similar lack of agreement between predicted and individually observed nutrient 

intakes was revealed [151]. In a further analysis correlation coefficients between a brief FFQ 

and diet records were lower when regression coefficients, that were derived before, were 

used to calculate the nutrient intake [152].  

A further explanation for the lack of reproducibility could be the occurrence of changes in 

diet. The selection of food items was based on dietary intake data obtained during the years 

1994 to 1998. More than 50 % of study participants in the EPIC-Potsdam study reported a 

change in diet due to reasons like diseases or desired weight loss during the follow-up [153]. 

In fact, an overall change in the food consumption pattern can be seen, when dietary 

assessments obtained by identical FFQ seven years apart were compared [154]. Therefore, 
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it seems plausible that, as consumption habits changed, actual dietary intake data would 

have led to a somehow altered selection of food items. The set of items that have been key 

food items in the years 1994 to 1998 was probably not anymore the same, but some items 

might have become important whereas others might not be important anymore. However, 

EPIC-Potsdam baseline dietary data was the most actual, suitable and detailed dietary intake 

data obtainable to construct the FFQ2002 food item list.  

 

1.3 ABSOLUTE DIETARY INTAKE  

1.3.1 FOODS  

Similar absolute levels of consumption in FFQ2002 and FFQ1994 were measured for potatoes, 

legumes, cereals, pasta, red meat and alcoholic beverages. Consumption of the other food 

groups was lower according to FFQ2002 than to FFQ1994 except for fats and sauces.  

Differences in absolute levels of food group intake could not only be explained by the 

omission and inclusion of different food items, but predominantly by different modes of 

inquiring. A detailed analysis of single food items gave further insight into the problem (see 

appendix tables VIII-3 to VIII-5 for details). One critical issue was the inquiry about portion 

sizes. For several food items asked for in the two FFQ, the reference portion size was 

different in both instruments. FFQ2002 depicted a smaller portion size than FFQ1994. In these 

cases the difference between the estimation of both FFQ seemed to be explainable by the 

alteration of given portion sizes. It seemed as if study participants only chose their frequency 

of intake without respecting their usual portion size. They simply consumed „one portion“ of 

the amount depicted. This observation goes along with opinions found in the literature, that a 

usual portion size does not exist (see IV 2 for a detailed discussion of portion sizes in FFQ). 

A second issue observed in the detailed comparison was that due to the same portion size in 

most of the food items in FFQ2002 discrimination between genders was diminished. Women’s 

consumption was higher and men’s consumption was lower. This underlines the effect of 

gender specific portion sizes. It seemed reasonable to assume that taking gender specific 

portion sizes for more items than only meat and potatoes would have led the estimation of 

absolute intake to be more valid.  

Furthermore, inquiring about food intake in one question (e.g. banana) often resulted in 

smaller amounts than inquiring in several questions (e.g. banana in summer, banana in 

winter). Serdula et al. [155] analysed this phenomenon for high fat foods. A questionnaire 

covering 29 items resulted in a higher calculated intake than a questionnaire inquiring for the 

same foods taking only 14 questions. The decrease in amounts due to collapsing of items, 

however, was not always observed in FFQ2002. In the case of some items, the reduction to 
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one single food item in contrast to several items resulted in similar estimated amounts (e.g. 

green beans, peas). The overestimation of intake in longer lists in comparison to single 

questions or shorter lists has already been shown. This phenomenon led to the development 

of summation questions as discussed in IV 3. 

For the food groups fats and sauces complex algorithms were included in the computer 

programs for their calculation, which are largely based on prior assumptions. These 

assumptions are mainly based on expected portion sizes of fats for use for example in salad 

dressings or on bread, and for sauces for example to be eaten with meat and vegetables. 

The frequencies of use for food items belonging to these food groups are mainly assessed 

as relative frequencies in reference to other food items, for instance salad dressing in 

reference to the consumption of salad, and sauces in reference to the consumption of meat.  

Since there was no independent dietary assessment included into the EPIC-Potsdam 

comparison study, relative validity of FFQ2002 was not to determine by now. Therefore it 

remained difficult in the case of differences in food group intake to judge about which FFQ 

approximated real food intake best.  

A FFQ very similar to FFQ1994 has been validated for food group intake in a Western German 

population at the beginning of the nineties [9]. A total of 104 men and women aged 35 to 64 

years comprised the validation study sample. The mean of 12 24HR conducted during the 

year before FFQ application was used as reference. It was shown that the FFQ gave 

significantly higher estimates of bread, salty snacks, sweets, eggs, legumes, soft drinks, milk 

products and fish than the reference 24HR. Intake of fruits, vegetables, cheese, sauces, 

meat and processed meat were underestimated. Food groups with measurements of good 

relative validity were cake, spreads, potatoes, coffee and tea, alcoholic beverages and fats. 

In this investigation intake of bread, sweets, eggs, soft drinks, milk and milk products, fish 

and soups were estimated to be lower in FFQ2002 than in FFQ1994, in which they turned out to 

be overestimated in comparison to the independent reference instrument in the above cited 

validation study. Furthermore, FFQ2002 estimated an increased consumption of sauces which 

had been underestimated in FFQ1994 before. For these food groups, measurements of 

FFQ2002 might be better approximations of real intake than FFQ1994. However, the food 

groups fruits, vegetables, cheese, meat and processed meat are estimated even lower in 

FFQ2002 than in FFQ1994, in which they had been judged to be underestimated before. 

Consumption of cake, coffee and tea turned out to be underestimated in FFQ2002 and intake 

of fats seemed to be overestimated, although measurements were of acceptable validity in 

FFQ1994. 

The German Nutrition Survey (GNS) was conducted in the year 1998 within the 

representative German Health Survey [156-158]. 4030 participants comprised the survey 
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sample, including 346 men and 391 women aged 55 to 64 years. The computerized dietary 

history DISHES 98 (Dietary Interview Software for Health Examination Studies) [159] 

inquired about food consumption during the past four weeks in a meal sequenced way. As a 

second independent comparison for food consumption and nutrient intake in Germany data 

published in the Official Report on German Nutrition of the year 2000 can be used [160]. 

These data are based on transformations of data obtained in a sample of household income 

and expenditure in the year 1993.  The pattern between genders as assessed by FFQ2002 

was confirmed in both the GNS and the Official Report data for most of the food groups. 

However, dairy products and cheese were consumed in higher amounts by women in 

FFQ2002, which was not reflected in the GNS or the Official Report. Cake also appeared to be 

consumed in higher amounts by men in FFQ2002 whereas the GNS reported a slightly higher 

consumption by women. Fish consumption was assessed similar for both genders in FFQ2002 

whereas both independent sources stated a higher consumption for men. The consumption 

of non-alcoholic beverages was higher for women in FFQ2002, which could not be confirmed 

by results of the GNS. Regarding absolute levels of intake FFQ2002 estimated less food group 

intake than the GNS except for cake, processed meat and fat. The underestimation of intake 

seemed to be profound for vegetables and fruit. However, these comparisons have to be 

interpreted with caution, because none of the dietary assessment methods is perfect. 

Already the compilation of food groups can be very different between methods.  

 

1.3.2 NUTRIENTS 

A significant underestimation of nutrient intake in FFQ2002 in comparison to FFQ1994 was 

apparent for all nutrients in men except for polyunsaturated fatty acids, alcohol, vitamins A, 

B2, C and calcium. Intake of β-carotene was estimated to be higher in FFQ2002. In women, 

only intake of carbohydrates, dietary fibre, vitamins B1, C, folic acid and iron were estimated 

to be lower with FFQ2002 than with FFQ1994. A significant higher estimation was observed for 

polyunsaturated fatty acids, vitamin A, β-carotene and calcium. The pattern between genders 

was reflected similarly in both FFQ, i.e. the detection of a higher intake of all nutrients except 

for β-carotene and vitamin C for men. Only calcium was consumed less by women compared 

to men measured with FFQ1994, but measured with FFQ2002 women’s intake was higher . 

The reduced FFQ developed by Schaffer and co-workers [101] showed a lower assessment 

of energy intake of about 17 % in men and 23 % in women. Overall, measurements for 

nutrients were between 1 % and 28 % lower in the shorter questionnaire except for alcohol in 

women and β-carotene and caffeine in men. Beta-carotene was a candidate for a higher 

intake in the reduced FFQ2002 as well. The decline in assessment of energy intake was less 
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pronounced in women than in men in FFQ2002. A reason for this might be found in the 

definition of assigned portion sizes.  

The FFQ1994 has been validated against biomarkers for total energy intake and protein, and 

against 12 24HR in the EPIC-Potsdam validation study [8]. The comparison to biomarkers 

revealed underreporting in the FFQ of energy and protein intake in the magnitude of about 

20 %. Energy and protein in addition to intake of carbohydrates and dietary fibre were 

significantly overreported in the FFQ in comparison to 24HR. Saturated and 

monounsaturated fat on the contrary were underreported in the FFQ. According to FFQ2002 in 

the comparison study intake of energy and protein is even lower than assessed by FFQ1994. 

However, this is still within the range of underreporting that is expected to occur in dietary 

assessment methods which is about 20 to 30 % for energy and protein [79]. A recent 

validation study comprised of 484 men and women aged 40 to 69 years quantified 

underreporting of energy to be 31 to 36 % in men and 34 to 38 % in women [15]. 

Underreporting for protein was estimated to be 30 to 34 % and 27 to 32 % for men and 

women, respectively. 

On the level of nutrients again the GNS and the Official Report on Human Nutrition can serve 

as comparisons to judge about the adequacy of assessments with FFQ2002. For 

macronutrients, the two independent sources affirmed women’s intake to be lower than 

men’s. Magnitude of relations between intakes by gender in the FFQ2002 are confirmed in the 

Official Report on Human Nutrition in Germany for all macronutrients except for 

polyunsaturated fatty acids. For these nutrients, intake in both genders seemed to be too 

similar in FFQ2002. As nutritional data in the GNS are measured with a retrospective dietary 

assessment method as well, the difficulties concerning underreporting are similar to FFQ2002. 

Therefore to judge about “true” levels of absolute intake the data published in the Official 

Report on Human Nutrition in Germany might be the more independent data for 

comparisons. Taking this reference measurement, underreporting for energy and protein 

intake ranged from 36 to 23 % in FFQ2002, across macronutrients. Polyunsaturated fatty acid 

intake again turned out to be an exception as underreporting was only calculated to be 12 % 

in comparison to the Official Report on Human Nutrition. Therefore underreporting in FFQ2002 

although higher than in FFQ1994 is still within a range acceptable for a FFQ. 

 

1.3.3 CALIBRATING FFQ2002 

Regarding the large bias of questionnaire data, are dietary data obtained by FFQ2002 useful 

for disease risk analyses? Statistical analyses to investigate diet-disease relations and 

interactions would be restricted, if possible at all, due to the minor validity of measurements 

of absolute intake. The analysis of relations between nutrients or foods would necessitate 
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absolute intake values as well and therefore seem to be impossible to conduct with dietary 

intake data obtained by FFQ2002. Nor the issue of thresholds for the intake effect on disease 

risk can be investigated if absolute levels are invalidly assessed. As a further impact the 

controlling for non-dietary variables might not be adequate, if absolute levels of dietary intake 

are not measured accurately. 

However, as for the development of the abbreviated FFQ2002 a large spectrum of nutrients 

was respected in the same way, the loss of precision compared to FFQ1994 is expected to be 

nearly constant across all nutrients. The difficulty or even impossibility to measure accurate 

absolute levels of dietary intake is a generally criticised matter of fact when FFQ are used as 

dietary assessment tools in nutritional epidemiology [161, 162]. FFQ2002 and FFQ1994, as well 

as most FFQ, fail to measure true levels of dietary intake accurately [8, 15]. Nevertheless 

FFQ are widely agreed upon to provide a useful reflection of participants’ ranking on an 

ordinal scale which is important in nutritional epidemiology.  

To overcome the lack of measuring absolute intake by FFQ it would be possible to adjust 

intake data by, for example, simply adding a constant to FFQ2002 data. The intake distribution 

and ranking according to FFQ data would be retained, but absolute levels of intake would 

become more reasonable. The preferable approach would be the calibration of FFQ data 

according to more detailed dietary intake data. Internal standardization studies applying a 

detailed dietary assessment among a representative sample of overall groups of participants 

are recommended to calibrate data obtained by FFQ [23, 24, 117, 163-165]. For the 

standardization a calibration function is estimated which is a function of the FFQ dietary 

intake data that approximates the dietary intake data obtained by the reference instrument. In 

EPIC-Potsdam a standardization study to obtain valid dietary data for the calibration of 

FFQ2002 data is currently underway. Two 24HR will be used to obtain detailed dietary intake 

data. It is planned that dietary intake data obtained by FFQ2002 of the whole EPIC-Potsdam 

cohort will be calibrated to assure valid exposure data for comprehensive analyses of 

disease risks.  

This ongoing second calibration study in EPIC-Potsdam will furthermore provide an ideal 

background information on actual dietary habits in the cohort. The estimation of relative 

validity of dietary intake obtained by FFQ2002 will be possible. In addition, these data will 

enable the revision of the underlying algorithms, that presently are included in the programs 

to calculate daily intake with FFQ2002. It is recommended that in particular assigned portion 

sizes are compared with recent 24HR data and where appropriate are updated, because 

portion sizes change over time [166]. 
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1.4 PARTIAL NON-REPONSE  

The performance of FFQ2002 with respect to missing values was much better than of FFQ1994. 

About 94 % of FFQ2002 were returned with ten or less missed items. Therefore the original 

problem finally leading to the development of FFQ2002 which was the prevention of non-

response in the questionnaire, could be largely reduced.  

The good performance can in part be a result of the changed format. The grid-format 

originally used in FFQ1994 was deliberately abandoned in FFQ2002, adopting a non-grid style 

with repeated response categories for each food item. This has been discussed to be 

cognitively easier for study participants as the navigational flow was consistent across 

questions and has been proven to lead to fewer missing data [52, 84]. An analysis comparing 

different designs and extensions of FFQ concluded that questionnaires extended in length by 

non-dietary questions and portion size categories resulted in a 20 % increased total non-

response compared to a shorter FFQ [167]. However, partial non-response in the study 

turned out to be significantly lower for all forms, that included portion sizes. Caan et al. [93] 

analysed response rates in mailed dietary surveys. They found that 87.9 % of participants 

omitted ten or fewer frequency items in the 60-item FFQ. In comparison, FFQ2002 provided 

data of very high quality.  

Several ways to cope with missing values in FFQ have been investigated. One simple 

approach is to exclude participants from the analysis if the number of missing values 

exceeded a predefined limit. This is widely done [84, 89, 90]. However, this investigation 

showed, that the number of missing values is associated with a higher age, a higher BMI, a 

lower education and smoking. Morris and co-workers [30] investigated the response to a mail 

nutritional survey in an older (> 65 years) bi-racial population using a simplified 152-item 

FFQ. Simplifications included the alterations of response options to a list directly underneath 

each food item. They found that individuals who missed 15 or more items were more likely to 

have obtained fewer years of education and to be older. Analyses of non-responders in 

epidemiological studies also showed a higher probability of non-responding for men, older 

age groups, persons with less education and smokers [168, 169]. Exclusion criteria based on 

the number of missing values therefore would lead to the exclusion of older persons, those 

with a higher BMI and lower education and smokers. This especially is of concern for 

repeated exposure assessments in cohort studies. A complete follow-up of study participants 

is essential to a successful study. Even more, a potential loss to follow-up should not be 

correlated with exposure [1]. If participants are excluded from repeated measurements 

during follow-up this can be interpreted as loss to follow-up. The investigation in the course 

of this work revealed that for FFQ2002 exclusion of study participants would lead to the loss of 

those with a lower educational attainment and smokers, two characteristics which can be 

associated with dietary behaviour [170]. 
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Replacement of missing values was therefore analysed. It was shown that for FFQ2002 both 

investigated approaches, which were the replacement by “null consumption” and the 

replacement by median frequencies, yielded good results. As even the replacement by 

median frequencies most often led to a slight underestimation of food group intake it can not 

be concluded for this FFQ2002 that check marks are omitted if the foods are not consumed. 

Rank correlation coefficients between the completed version and the two replacement 

approaches were of similar, high magnitude. The replacement by median frequencies 

yielded, if there were differences in correlations, most often slightly higher results.   

Hansson et al. [85] analysed the treatment of missing values in a case-control study on 

thyroid cancer. In total 413 FFQ covering 56 food items were analysed. The replacement by 

“null consumption” and by median frequencies of intake were compared, showing only 

marginal differences. The results obtained by FFQ2002 confirm this finding. 

 

2 PORTION SIZE INFORMATION 

The investigation showed that information on individual portion sizes added notable amount 

to explanation of variance in food intake, though the major part of variance was explained by 

frequency of intake alone. The latter was already communicated by Heady about 40 years 

ago [171].  

A limitation of the investigation with FFQ1994 at baseline was that information on portion sizes 

and frequency of intake was assessed simultaneously. Participants were proposed, if 

necessary, to exchange a larger portion size by a higher frequency of intake and vice versa. 

It was impossible to exclude effects of such substitutions from the analysis. However, it can 

be assumed that substitution was hardly present since portion size and frequency options 

were very detailed.  

Several researchers tried to measure the impact of portion size questions on food intake data 

by calculating correlation coefficients. Correlations between the same FFQ, inquiring about 

portion size or applying standard portion sizes, showed values around 0.9 for nutrients [141]. 

In a Danish study FFQ data with and without individually estimated portion sizes were 

compared to weighed diet records [172]. Mean correlation coefficients for food groups and 

nutrients changed only slightly indicating that little extra information could be obtained by 

additional questions about portion size. Clapp et al. found correlation coefficients of 0.73 to 

0.92 for retinol and folacin, respectively [64]. The findings of the investigation of FFQ1994 at 

baseline correspond to these results. 

The collection of valid individual portion size data requires the individuals to be able to 

estimate the consumed amounts correctly. However, this seems to be a questionable 
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postulate [173, 174]. A study to validate individual portion size estimates compared FFQ 

using photos to 14-day weighed food records and revealed only a small relationship between 

estimated and measured portion size [175]. Participants selecting small portion sizes 

seemed to underestimate and those selecting large portion sizes seemed to overestimate 

actually consumed amounts [61, 175].  

The existence of a usual portion size for an individual is a further assumption that is implicitly 

made when inquiring about consumed amounts. The data of the proportion of intra- and 

inter-individual variability of portion sizes shed doubts on this concept. In a study by Hunter 

et al. [60] the intra-individual variability in food intake in 61 out of 68 items exceeded the 

inter-individual variability. The ratio of intra-individual to inter-individual variance was 3.4 on 

average indicating a smaller contribution of inter-individual variance to total variance in food 

intake. In another study variance ratios ranged from 0.67 to 1.60 [175]. 

The inclusion of separate questions inquiring about portion sizes into a FFQ introduces one 

additional question for each food item into the questionnaire [6], and thus expands the FFQ 

in length. Besides the accuracy of information on food and nutrient intake questionnaire 

length has to be considered and as a consequence thereof respondent burden which is 

important in particular in the use of FFQ during follow-up where loss to follow-up has to be 

minimized. Questionnaires extended in length by extra non-dietary questions and portion 

size questions resulted in a 20% higher total non-response rate compared to short forms 

while the inclusion of portion size questions alone was not significantly associated with the 

non-response rate [167]. A short FFQ including 97 items without questions on portion size 

except for a few items resulted in 20 minutes time to complete [44] and response rates for a 

semiquantitative FFQ were higher than for questionnaires inquiring separately about portion 

sizes [52]. However, Subar et al. [84], who designed a questionnaire to be cognitively easier 

for study participants, concluded that shorter questionnaires are not always better in large-

scale epidemiological settings.  

Taking the results of the analyses with baseline FFQ1994 and the arguments found in the 

literature, for FFQ2002 it was decided to adopt the semiquantitative format and ask for the 

frequency of consumption of a given amount of foods. Thereby it was accepted to lose some 

of the measured variance in intake, for the benefit of a shorter instrument which in turn was 

expected to provide data of high quality.  

In the analysis of baseline FFQ1994 it was found that consumed amounts varied across 

gender, age and BMI groups. However, calculations allowing group specific portion sizes 

according to age or BMI did not improve overall explained variance markedly. Stratification of 

portion sizes by gender also only had a minor impact on the explanation of variance in 

intake.  
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To stratify standard portion sizes according to age and gender is suggested in the literature 

and is already in practice [53, 64, 135, 176]. In a recent validation study, authors discussed 

that low correlation coefficients for nutrient intake could be due to assignment of an overall 

portion size instead of gender specific portion sizes [52]. The Willett FFQ, which is a 

semiquantitative instrument without stratification of portion sizes according to gender, tended 

to underestimate nutrient intakes of men and overestimate intakes of women. Therefore, 

although the empirical results regarding the assignment of group specific portion sizes in this 

investigation indicated a minor benefit concerning variance in food intake, gender specific 

portion sizes seemed important in order to reflect absolute intake.  

 

3 SUMMATION QUESTIONS 

The ranking of study participants in FFQ2002 could be improved by the use of summation 

questions about general consumption patterns, although absolute intake measurements 

changed noticeably. The most profound change due to correction was the decrease in fruit 

and vegetable consumption to only 50 % of the uncorrected amount. Only the inclusion of a 

question about the general consumption of bread into the food item list caused discrepancies 

in reports and decreased the ranking profoundly. 

It has been stated that overestimation as a result of long food item lists might be especially 

pronounced for fruit and vegetables, because these are perceived as healthy and socially 

acceptable foods [70, 177, 178]. Block et al. [78] included two summation questions into a 

comprehensive diet history questionnaire and observed increased correlation coefficients for 

vitamin A. A FFQ comprised of 175 items inquiring about the frequency of consumption in an 

open-ended manner in connection with queries about portion sizes was compared to results 

obtained by two summation questions on fruits and vegetables [70]. Furthermore, in this FFQ 

summer and winter frequencies were ascertained for a long list of fruit and vegetable items. 

The questionnaires completed by 123 women aged 18 to 54 years affirmed that some  

vegetables were consumed in different amounts in summer and winter. The summary 

question for fruit gave about half the amount than estimated by the complete list of items in 

the FFQ. Vegetable consumption according to the summary questions was lower as well, but 

less pronounced. This resulted in a substantial effect on the estimation of absolute nutrient 

intake, but effects on participants’ ranking were only marginal. In a study in the Netherlands 

the ability of corrected fruit and vegetable data to rank study participants in comparison to 

biomarkers for fruit and vegetable intake was investigated [179]. Plasma carotenoids and 

vitamin C served as biomarkers. Data of 161 subjects were available for the analysis. The 

106-item FFQ included summation questions for raw and cooked vegetables, fruits and fruit 

juice. The authors concluded, that ranking of participants against biomarkers in respect of 
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vegetable consumption could be improved by using summation questions, but that 

correlation coefficients for fruits with and without correction were comparable. Calvert et al. 

[180] applied summation questions in a FFQ for fruits, vegetables, meat and fish. Conforming 

with the analysis of FFQ2002, the authors found that reports for fruits and vegetables in the 

summation questions and the whole FFQ were less consistent than reports for meat and fish. 

The estimate of fruit and vegetable intake in the FFQ was higher for most women than in 

summation questions. After correction the median intakes of vitamins A, C and E and folate 

fell markedly. Rankings according to energy and macronutrient intakes were affected only 

slightly by application of correction factors, however, an independent reference measurement 

was not included in this analysis. The results of the analysis of FFQ1994 and FFQ2002 go along 

with these findings, confirming the use of correction factors in FFQ2002. However, the 

inclusion of summation questions into food item lists seems to lead to different reports whose 

validity remain questionable. Comparisons of the standardization study that is underway for 

the EPIC-Potsdam study might elucidate these phenomena.  
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V CONCLUSION 

FFQ2002 appeared to be a useful tool to reflect ranking of study participants with respect to 

food and nutrient intake. This conclusion based on the acceptable magnitude of correlation 

coefficients with the former FFQ1994. Exceptions were bread and fats for which low correlation 

coefficients were seen. The format of FFQ2002 overall ensured dietary intake data of high 

quality since partial non-response was hardly present. FFQ2002 is therefore suitable to be 

used for the repeated dietary assessment in the EPIC-Potsdam study.  

It is recommended to handle residual partial non-response in FFQ2002 by replacement with 

median frequencies of intake since non-response does not mean non-consumption. The 

strategy of exclusion of study participants due to partial non-response in the repeated dietary 

assessment may cause profound bias into the prospective study, because smokers and 

participants with lower educational attainment might be excluded disproportionately.  

The shortness of the new instrument compared to the previous was primarily achieved at two 

different aspects: the food item list and information about portion sizes. The food item list 

was reduced by omitting food items which have not been selected to be informative for 

nutrient intake in several statistical analyses. Further reduction was achieved by combining 

several foods to one item in the new instrument which for several foods led to a severe 

change in estimated amounts compared to the previous FFQ. The change to a 

semiquantitative style allowed for the further omission of one additional question for every 

food, which led to an immense reduction in length.  

However, the prevention of non-response in FFQ2002 was gained at the expense of accurate 

measurement of dietary intake. The abbreviation of the instrument led to measurements of 

lower consumed amounts which render disease risk analysis other than on an ordinal scale 

difficult. To overcome this problem the calibration of FFQ2002 data towards the population 

distribution obtained by a quantitative instrument is underway.  

The use of separate summation questions about general consumption patterns turned out to 

be of high value in regard to the ranking of study participants according to their food 

consumption. But the inclusion of one summation question for the consumption of bread into 

the item list caused profound differences in participants’ reports. This is a problem, because 

the ranking of study participants is largely affected which in turn will not be changed by the 

calibration of FFQ2002.  
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VI SUMMARY 

A repeated dietary measurement with food frequency questionnaires (FFQ) over time in 

prospective studies provides the assessment of long-term dietary exposure. The self-

administered use of FFQ requires a short and simple instrument to ensure high response 

proportions, that still detects heterogeneity in dietary behaviour and provides data for the 

accurate ranking of study participants.  

Because the baseline FFQ in the prospective EPIC-Potsdam study was judged not to be 

suitable for the use during follow-up due to its weakness regarding self-administration, there 

was need for a new FFQ that ensures high response proportions. Based on statistical 

analyses of the baseline dietary information obtained by FFQ and 24-hour recalls a new FFQ 

for the use during follow-up has been developed. The development concentrated on the food 

item list, the portion size information and summation questions. The new FFQ comprised 102 

food items, being selected upon their contribution to variance in nutrient and food intake in 

the baseline data by stepwise regression procedures and the computer algorithm Max_r. 

Additionally, those food items contributing most to nutrient and food intake have been 

included. A semiquantitative format simply inquiring for the frequency of consumption of a 

given amount of food was adopted, because baseline FFQ analyses showed variable portion 

sizes to be of minor importance for variance in intake. Since summation questions about 

general consumption practices improved the ranking of study participants regarding selected 

food group intakes, these were incorporated, too.  

Due to its shortness and the combination of food items, the absolute amounts assessed with 

the new FFQ were lower than assessed with the former FFQ as could be demonstrated 

among 512 subjects that filled in both FFQ about 28 days apart. The ranking of study 

participants compared to the former instrument showed a correlation coefficient of 0.57 for 

nutrients and foods on average. Only bread and fats seemed to be difficult to assess in the 

new instrument, which has to be due to the altered mode of inquiry. Here, a summation 

question was included into the item list complemented by questions about relative 

frequencies of the consumption of bread types and fat spreads.  

Data quality, measured as partial non-response, turned out to be much higher in the new 

than the former instrument. It therefore appeared to be suitable for use in the follow-up.  

In conclusion, the development of an abbreviated FFQ for the use in the EPIC-Potsdam 

follow-up was successful and the comparison to the previous instrument revealed data of 

acceptable quality. However, due to the disability to accurately measure absolute intake, 

which is nevertheless a problem of FFQ in general, detailed dietary information of a 

subsample of the cohort that is currently obtained, will be used to calibrate the FFQ data.  
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ZUSAMMENFASSUNG 

Eine wiederholte Ernährungserhebung mittels Verzehrshäufigkeitsfragebögen (food 

frequency questionnaire, FFQ) in prospektiven Studien ermöglicht die Messung der 

Langzeitexposition durch Ernährung. Um Responseraten zu sichern, ist für das 

selbstständige Ausfüllen von FFQ ein kurzes und einfaches Instrument erforderlich. Das 

Instrument sollte dennoch die Heterogenität im Ernährungsverhalten erfassen und Daten 

liefern, die die Abbildung der richtigen Rangfolge der Studienteilnehmer ermöglichen.  

Der FFQ, der in der Basiserhebung der prospektiven EPIC-Potsdam Studie eingesetzt 

wurde, wurde aufgrund seiner Schwächen beim selbstständigen Ausfüllen als für den 

Einsatz in der Nachbeobachtung ungeeignet eingeschätzt. Daraus entstand der Bedarf für 

die Entwicklung eines neuen FFQ, der hohe Responseraten sichert. Basierend auf 

statistischen Analysen der Ernährungsinformation, die mit FFQ und 24-Stunden 

Erinnerungsprotokollen in der Basiserhebung erhoben wurde, wurde ein neuer FFQ zum 

Einsatz in der Nachbeobachtung entwickelt. Die Entwicklung konzentrierte sich auf die 

Erstellung der Lebensmittelliste, Portionsgrößeninformationen und Summierungsfragen. Der 

neue FFQ bestand aus 102 Lebensmitteln, die aufgrund ihres Beitrages an der Varianz der 

Nährstoff- und Lebensmittelgruppenzufuhr in den Daten der Basiserhebung ausgewählt 

wurden. Die Lebensmittel wurden durch schrittweise Regression und den Computer 

Algorithmus Max_r ermittelt. Zusätzlich wurden diejenigen Lebensmittel eingeschlossen, die 

den höchsten Beitrag zur absoluten Nährstoff- und Lebensmittelgruppenzufuhr leisteten. 

Verwendet wurde ein semiquantitatives Format, in welchem lediglich die Verzehrshäufigkeit 

einer vorgegebenen Lebensmittelmenge erfragt wird, da Analysen mit Daten der 

Basiserhebung gezeigt hatten, dass variable Portionsangaben eine nur geringe Bedeutung 

für die Varianz der Aufnahme haben. Summierungsfragen über generelle Verzehrsmuster 

wurden eingebaut, da sie die Abbildung der Rangfolge der Studienteilnehmer bezüglich der 

Aufnahme ausgewählter Lebensmittelgruppen verbesserten.  

Ein Vergleich von 512 Fragebögen, welche im Abstand von 28 Tagen ausgefüllt wurden, 

zeigte, dass Verzehrsmengen gemessen mit dem neuen FFQ geringer waren als mit dem 

vorherigen. Dies ist zurückzuführen auf die Kürze der Lebensmittelliste und die Kombination 

von Lebensmitteln. Die Abbildung der Rangfolge der Studienteilnehmer verglichen mit dem 

zur Basiserhebung eingesetzten Instrument zeigte einen mittleren Korrelationskoeffizienten 

von 0.57 für Nährstoffe und Lebensmittelgruppen. Lediglich die Messung des Verzehrs von 

Brot und Fetten schien mit dem neuen Instrument schwierig. Dies könnte auf die geänderte 

Art der Fragestellung zurückzuführen sein. Die Summierungsfragen wurden in diesem Fall in 

die Lebensmittelliste integriert und durch Fragen nach dem Verzehr von Brotsorten und 

Streichfetten in relativen Häufigkeiten vervollständigt.  
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Die Datenqualität, gemessen an fehlenden Angaben, ist im neuen Instrument erheblich 

besser als im vorherigen. Der Fragebogen zeigte sich demnach als geeignet für die 

Verwendung in der Nachbeobachtung. 

Die Entwicklung eines verkürzten FFQ zur Verwendung in der EPIC-Potsdam 

Nachbeobachtung war erfolgreich und der Vergleich mit dem vorherigen Instrument ergab 

Daten akzeptabler Qualität. Aufgrund der Schwierigkeit bei der Erfassung der absoluten 

Aufnahme - ein grundsätzliches Problem von FFQ - wird die detaillierte 

Ernährungsinformation einer gegenwärtig erhobenen Stichprobe der Kohorte verwendet, um 

FFQ Daten zu kalibrieren.    
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VIII APPENDIX 

Figure VIII-1: SAS syntax for stepwise regression to select informative food items for the nutrient fat  
 
proc reg data=regr_fett; 
 model inh5 =  
_001 _002 _003 _004 _005 _006 _007 _008 _009 _010 _011 _012 _013 _014 _015 
_016 _017 _018 _019 _020 _021 _022 _023 _024 _025 _026 _027 _028 _029 _030 
_031 _032 _033 _034 _035 _036 _037 _038 _039 _040 _041 _042 _043 _044 _045 
_046 _047 _048 _049 _050 _051 _052 _053 _054 _055 _056 _057 _058 _059 _060 
_061 _062 _063 _064 _065 _066 _067 _068 _069 _070 _071 _072 _073 _074 _075 
_076 _077 _078 _079 _080 _081 _082 _083 _084 _085 _086 _087 _088 _089 _090 
_091 _092 _093 _094 _095 _096 _097 _098 _099 _100 _101 _102 _103 _104 _105 
_106 _107 _108 _109 _111 _112 _113 _114 _115 _116 _117 _118 _119 _120 _121 
_122 _123 _124 _125 _126 _127 _128 _129 _130 _131 _132 _133 _134 _135 _136 
_137 _138 _139 _140 _141 _142 _143 _144 _145 _146 _147 _148 _201 _202 _203 
_204 _205 _206 _207 _208 _300 _302 _303 _304 _305 _306 _307 _308 _402 _403 
_404 _405 _406 _407 _408 _409 _500 _900/selection = stepwise;  
run; 
quit; 

 

Figure VIII-2: SAS output for stepwise regression to select informative items for the nutrient fat  
 
Stepwise Selection: Step 14 
 
 
Variable _028 Entered: R-Square = 0.8121 and C(p) = 3.3858E8 
 
 
                             Analysis of Variance 
 
                                    Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr > F 
 
Model                    14       22270618        1590758    8464.28    <.0001 
Error                 27410        5151379      187.93794 
Corrected Total       27424       27421997 
 
 
             Parameter     Standard 
Variable      Estimate        Error   Type II SS  F Value  Pr > F 
 
Intercept     31.01046      0.18903      5057968  26913.0  <.0001 
_011           1.13800      0.00905      2974778  15828.5  <.0001 
_012           1.13619      0.00974      2555707  13598.7  <.0001 
_013           1.24431      0.01820       878674  4675.34  <.0001 
_016           1.42511      0.01831      1138212  6056.32  <.0001 
_022           2.18142      0.04197       507648  2701.15  <.0001 
_028           1.78485      0.03484       493324  2624.93  <.0001 
_065           1.48577      0.02054       983183  5231.43  <.0001 
_066           1.26543      0.02193       625771  3329.67  <.0001 
_118           1.98107      0.04073       444513  2365.21  <.0001 
_119           1.64727      0.03087       535098  2847.21  <.0001 
_121           2.36470      0.03855       707229  3763.10  <.0001 
_122           1.48588      0.02822       521136  2772.92  <.0001 
_128           1.31904      0.02156       703456  3743.02  <.0001 
_300           6.73804      0.12655       532764  2834.79  <.0001 
 
Bounds on condition number: 1.3031, 220.54 
------------------------------------------------------------------------------ 
continued 
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continued: 
                       Summary of Stepwise Selection 
 
     Variable  Variable            Number  Partial   Model 
Step Entered   Removed   Label     Vars In R-Square R-Square  C(p)   F Value 
 
  1  _121                              1    0.1955   0.1955   1.45E9 6663.80 
  2  _065                              2    0.1099   0.3054  1.252E9 4338.84 
  3  _011                              3    0.0932   0.3986  1.084E9 4248.74 
  4  _012                              4    0.1013   0.4998  9.015E8 5551.44 
  5  _013                              5    0.0569   0.5567   7.99E8 3517.70 
  6  _016                              6    0.0491   0.6058  7.105E8 3413.66 
  7  _066                              7    0.0381   0.6439  6.419E8 2930.17 
  8  _128                              8    0.0339   0.6778  5.807E8 2888.07 
  9  _118                              9    0.0319   0.7097  5.232E8 3013.39 
 10  _300                             10    0.0253   0.7350  4.777E8 2611.75 
 11  _122                             11    0.0204   0.7553   4.41E8 2284.10 
 12  _119                             12    0.0194   0.7747   4.06E8 2361.43 
 13  _022                             13    0.0194   0.7942   3.71E8 2584.11 
 14  _028                             14    0.0180   0.8121  3.386E8 2624.93 

 
Figure VIII-3: SAS syntax for the creation of the variance-covariance matrix for fat to be used in the 
Max_r computer algorithm 
 
proc corr data=fett nocorr cov outp=matrix (type=cov); run; 
 
Figure VIII-4: Max_ r output for selection of informative items for the nutrient fat 
 
 Max_r 3.0;      DSNAME=fett.                                              
                        CREATED ON 03/06/2001 AT 11:42 
 
 N=   0,   t <= T=168 
 
VARIABLES RANKED BY: (a) FORWARD SELECTION; (b) BACKWARD SELECTION; (c) VARIANCE 
 
     "Best" denoted by *                       Pearson r              R^2w 
   t (a)  (b)  (c)           VARIANCE      (a)    (b)    (c)     (a)   (b)   (c) 
   1 120*  11   11            102.1971    0.442  0.367  0.367    0.6  10.2  10.2 
   2  24*  12   12             82.7663    0.521  0.508  0.508    1.6  15.8  15.8 
   3  65*  65   13             25.3141    0.587  0.586  0.578    3.8  18.2  13.3 
   4 117   13*  16             20.7754    0.638  0.651  0.624    4.9  15.9  16.5 
   5 121  115*  65             17.9047    0.665  0.710  0.691    6.4  17.6  19.0 
   6  16  118*  66             15.7010    0.691  0.746  0.726    9.2  19.8  22.3 
   7 118   16* 127             14.9968    0.719  0.778  0.754   11.6  23.2  24.4 
   8  66   66* 115             10.0122    0.743  0.805  0.799   14.8  26.6  26.4 
   9  27  127*   3              9.8142    0.762  0.827  0.811   15.9  28.9  27.5 
  10 127  120*  24              9.4600    0.778  0.845  0.826   18.3  32.1  30.7 
  11  11  121* 118              8.9862    0.795  0.860  0.853   32.1  34.6  33.3 
  12  12   24* 121              8.9363    0.845  0.872  0.868   40.1  38.1  35.8 
  13  13   28*  26              7.8679    0.877  0.883  0.877   38.5  39.6  38.5 
  14 115    3* 123              6.3223    0.891  0.893  0.887   42.7  40.9  40.6 
  15   3   26*  17              6.2756    0.901  0.902  0.894   44.0  43.7  42.8 
 
 kp=  0 t= 30  k= 15 
 
 BEST SUBSET       VARIANCE      Pearson r   R^2w 
   1 120              6.0096        0.442     0.6 
   2  24              9.4600        0.521     1.6 
   3  65             17.9047        0.587     3.8 
   4 118              8.9862        0.638     5.5 
   5 121              8.9363        0.667     7.0 
   6  16             20.7754        0.696     9.8 
   7  66             15.7010        0.722    12.9  
           continued 
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continued: 
   8 115             10.0122        0.745    16.0 
   9  11            102.1971        0.767    29.2 
  10  12             82.7663        0.822    36.9 
  11  13             25.3141        0.855    35.4 
  12 127             14.9968        0.872    38.1 
  13  28              5.7617        0.883    39.6 
  14   3              9.8142        0.893    40.9 
  15  26              7.8679        0.902    43.7 

 
Figure VIII-5: SAS output for the selection of food items by the contribution analysis according to 
Block for the nutrient fat 
 
Baseline FFQ 
% Anteil der LM an der Fett-Zufuhr f. Männer     08:54 Friday, May 4, 2001 827 
 
Obs    SEX    Ant_fat      COL1       sum 
 
  1     1     fat_11     7.90188     7.9019 
  2     1     fat_12     6.47116    14.3730 
  3     1     fat_16     4.68490    19.0579 
  4     1     fat_13     4.20627    23.2642 
  5     1     fat_24     3.52206    26.7863 
  6     1     fat_65     3.42013    30.2064 
  7     1     fat_66     3.08237    33.2888 
  8     1     fat_26     2.56644    35.8552 
  9     1     fat_116    2.52261    38.3778 
 10     1     fat_17     2.24016    40.6180 
 11     1     fat_22     2.06168    42.6797 
 12     1     fat_119    1.90351    44.5832 
 13     1     fat_28     1.83934    46.4225 
 14     1     fat_128    1.80749    48.2300 
 15     1     fat_27     1.72262    49.9526 
 16     1     fat_3      1.65741    51.6100 
 17     1     fat_122    1.55841    53.1684 
 18     1     fat_98     1.53424    54.7027 
 19     1     fat_117    1.51842    56.2211 
 20     1     fat_118    1.51419    57.7353 
 21     1     fat_202    1.45568    59.1910 
 22     1     fat_23     1.39729    60.5883 

 
Figure VIII-6: SAS syntax for the paired differences t-test for nutrient intake in FFQ1994 and FFQ2002 
 
proc univariate data=nutri; 
      var  diff_gj diff_ze diff_zf diff_fs diff_fu diff_fp diff_fc diff_zk  
           diff_zb diff_za diff_va diff_vac diff_ve diff_vb1 diff_vb2  
           diff_vc diff_vb9 diff_mca diff_mfe; 
 by sex; 
 run; 
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Figure VIII-7: SAS output for the paired differences t-test for energy intake in FFQ1994 and FFQ2002 
 
Geschlecht=1 
 
The UNIVARIATE Procedure 
Variable:  diff_gj 
 
                            Moments 
 
N                         230    Sum Weights                230 
Mean               -1330.3744    Sum Observations    -305986.11 
Std Deviation       2575.5349    Variance            6633380.01 
Skewness           -1.2650608    Kurtosis            4.67000338 
Uncorrected SS     1926120106    Corrected SS        1519044022 
Coeff Variation    -193.59474    Std Error Mean      169.825742 
 
 
              Basic Statistical Measures 
 
    Location                    Variability 
 
Mean     -1330.37     Std Deviation               2576 
Median   -1119.45     Variance                 6633380 
Mode          .       Range                      20271 
                      Interquartile Range         2724 
 
 
           Tests for Location: Mu0=0 
 
Test           -Statistic-    -----p Value------ 
 
Student's t    t  -7.83376    Pr > |t|    <.0001 
Sign           M       -49    Pr >= |M|   <.0001 
Signed Rank    S   -7519.5    Pr >= |S|   <.0001 
 
 
Quantiles (Definition 5) 
 
Quantile        Estimate 
 
100% Max        4923.198 
99%             3801.097 
95%             2429.200 
90%             1538.349 
75% Q3           245.299 
50% Median     -1119.450 
25% Q1         -2478.698 
10%            -4141.651 
5%             -5927.696 
1%             -7853.696 
0% Min        -15347.897 
 
           Extreme Observations 
 
------Lowest-----        -----Highest---- 
 
   Value      Obs          Value      Obs 
 
-15347.9       81         3126.2      228 
-12404.9       19         3147.9       49 
 -7853.7      227         3801.1       75 
 -7735.9       44         4474.9      226 
 -7220.7      111         4923.2       18 
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Figure VIII-8: SAS syntax for the F-test for equal variances of nutrient intake in FFQ1994 and FFQ2002 
 
proc ttest data=test; 
 class mess; 
 var gj ze zf fs fu fp fc zk zb za va vac ve vb1 vb2 vc vb9 mca mfe; 
 by sex; 
 run; 
 
Figure VIII-9: SAS output for the F-test for equal variances of energy intake in FFQ1994 and FFQ2002 
 
Geschlecht=1 
 
The TTEST Procedure 
 
                                 Statistics 
 
                               Lower CL          Upper CL  Lower CL 
Variable  mess              N      Mean    Mean      Mean   Std Dev  Std Dev 
 
gj                   1    230    7862.2  8154.7    8447.1    2062.5   2251.2 
gj                   2    230    9121.2    9485    9848.8    2565.5   2800.1 
gj        Diff (1-2)              -1796   -1330    -864.8    2386.1   2540.5 
 
                           Statistics 
 
                        Upper CL 
Variable  mess           Std Dev    Std Err    Minimum    Maximum 
 
gj                   1    2478.1     148.44     3392.9      15555 
gj                   2    3082.4     184.64     4419.1      23222 
gj        Diff (1-2)      2716.4      236.9 
 
                               T-Tests 
 
Variable    Method           Variances      DF    t Value    Pr > |t| 
 
gj          Pooled           Equal         458      -5.62      <.0001 
gj          Satterthwaite    Unequal       438      -5.62      <.0001 
 
 
                    Equality of Variances 
 
Variable    Method      Num DF    Den DF    F Value    Pr > F 
 
gj          Folded F       229       229       1.55    0.0010 

 
Figure VIII-10: SAS syntax for the calculation of Spearman correlation coefficients for nutrient intake 
in FFQ1994 and FFQ2002 
 
proc corr data=nutri spearman; 
     var  gj_r ze_r zf_r fs_r fu_r fp_r fc_r zk_r zb_r za_r va_r vac_r  
          ve_r vb1_r vb2_r vc_r vb9_r mca_r mfe_r; 
 with gj ze zf fs fu fp fc zk zb za va vac ve vb1 vb2 vc vb9 mca mfe; 
 by sex; 
 run; 
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Figure VIII-11: SAS output for the calculation of Spearman correlation coefficients for energy intake in 
FFQ1994 and FFQ2002 
 
The CORR Procedure 
 
                              Simple Statistics 
 
Variable         N        Mean     Std Dev      Median     Minimum     Maximum 
 
gj             512        8386        2682        7948        3540       23222 
 
                 Simple Statistics 
 
Variable  Label 
 
gj        Gesamtenergie [kJ/Tag] 
 
                 Spearman Correlation Coefficients, N = 512 
                         Prob > |r| under H0: Rho=0 
 
                                                 gj_r         
 
gj                                            0.59544     
Gesamtenergie [kJ/Tag]                         <.0001     

 
Figure VIII-12: SAS syntax for the Poisson regression model of missing values in FFQ2002 
 
proc genmod data=miss_or; 
 class educc3 rstat bmikat; 
 model miss_rot=educc3 rstat sex alter3 bmikat/dist=poisson link=log; 
 run; 
 
Figure VIII-13: SAS output for the Poisson regression model to predict missing values in FFQ2002 
 
The GENMOD Procedure 
 
                       Model Information 
 
Data Set              WORK.MISS_OR 
Distribution               Poisson 
Link Function                  Log 
Dependent Variable        miss_rot    missings FFQ2002, alle 
                                      Fragen, pro Person 
Observations Used              513 
Missing Values                   3 
 
 
  Class Level Information 
 
Class       Levels    Values 
 
educc3           3    1 2 3 
rstat            3    1 2 3 
bmikat           2    0 1 
 
 
           Criteria For Assessing Goodness Of Fit 
 
Criterion                 DF           Value        Value/DF 
 
Deviance                 505       2275.5962          4.5061 
Scaled Deviance          505       2275.5962          4.5061   continued 
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Continued: 
Pearson Chi-Square       505       3175.2475          6.2876 
Scaled Pearson X2        505       3175.2475          6.2876 
Log Likelihood                      125.1646 
 
 
Algorithm converged. 
 
 
                       Analysis Of Parameter Estimates 
 
                            Standard       Wald 95%          Chi- 
Parameter     DF  Estimate     Error   Confidence Limits   Square  Pr > ChiSq 
 
Intercept      1   -1.3062    0.2448   -1.7861   -0.8263    28.46      <.0001 
educc3     1   1    0.4360    0.0653    0.3081    0.5639    44.65      <.0001 
educc3     2   1    0.0701    0.0758   -0.0785    0.2187     0.85      0.3552 
educc3     3   0    0.0000    0.0000    0.0000    0.0000      .         . 
rstat      1   1    0.5453    0.0762    0.3958    0.6947    51.15      <.0001 
rstat      2   1    0.2974    0.0625    0.1750    0.4199    22.66      <.0001 
rstat      3   0    0.0000    0.0000    0.0000    0.0000      .         . 
SEX            1    0.0765    0.0592   -0.0395    0.1925     1.67      0.1960 
alter3         1    0.0282    0.0034    0.0215    0.0348    69.31      <.0001 
bmikat     0   1    0.1515    0.0600    0.0338    0.2692     6.37      0.0116 
bmikat     1   0    0.0000    0.0000    0.0000    0.0000      .         . 
Scale          0    1.0000    0.0000    1.0000    1.0000 
 
NOTE: The scale parameter was held fixed. 
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Table VIII-1a: Food item list for the new FFQ2002 
 

FFQ2002 item 

Food group potatoes Food group fish and shellfish 

• Potatoes, mashed potatoes, potato 

dumpling 

• Herring, white herring, tuna, mackerel, 

salmon 

• Fried potatoes • Other fish (e.g. trout, fillet of fish, fish 

stick) 

Food group vegetables Food group eggs and egg products 

• Carrots, raw or cooked • Eggs, boiled or fried 

• Tomato, raw Food group fat 

• Green salad, mixed salad, Chinese 

cabbage, white cabbage, raw 

• Butter on bread 

• Cucumber  • Fat reduced margarine on bread 

• Bell pepper • Margarine on bread 

• Sauerkraut  • Lard on bread 

• Spinach Food group sugar and confectionery 

• White cabbage, cauliflower, broccoli, 

turnip cabbage 

• Jam, jelly, honey 

• Asparagus (in season) • Ice cream, curd with fruits 

• Courgette  • Chocolate bars, candies 

• Mixed vegetables Food group cakes 

• Vegetable, potato stew • Pancake  

• Tomato sauce (also tinned, strained) • Fruit cake 

 • Yeast dough cake 

 • Layer cake, cream cake, cheese cake 

Food group legumes • Pastries for diabetics 

• Green beans, peas • Deep-dish pie 

• Lenses, peas, beans stew • Cookies, biscuits 
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Table VIII-1b: Food item list for the new FFQ2002 
 

FFQ2002 item 

Food group fruits Food group non-alcoholic beverages 

• Apple, pear • Orange juice 

• Orange, tangerine, kiwi fruit (in season) • Apple juice 

• Banana • Black currant juice 

• Plum, peach, apricot • Grapes, cherrie, pineapple juice 

• Strawberries (in season) • Multivitamin juice 

• Red currants, blackberries, 

huckleberries (in season) 

• Carrot juice, vegetable juice 

• Grapes (in season) • Lemonade, coke  

• Stewed, tinned fruit • Mineral water, tap water 

• Fruit salad, fresh • Fruit tea, herbal tea 

• Dried fruits • Black tea, green tea 

• Nuts  • Coffee with caffeine 

• Linseed  • Coffee, decaffeinated  

Food group dairy products Food group alcoholic beverages 

• Cocoa, fruit milk • Beer 

• Milk • Beer, light 

• Plain yoghurt, buttermilk, soured milk, 

kefir 

• White wine 

• Yoghurt with fruits • Red wine 

• Curd cheese, plain or with herbs, no 

fruits 

• “Obstwein” 

• Cream cheese • Sparkling wine 

• Cheese (e.g. Camembert, Brie) • Liqueur, appetizer 

• Cheese (e.g. Gouda, Emmentaler, 

Tilsiter, Edamer) 

• „Dessertwein“ 

• Whipped cream • Spirituous beverages 

Food group cereals and cereal products • Mixed drinks 

• Brown bread, rye bread, .., rolls Food group condiments and sauces 

• Whole meal bread, rolls • Ketchup  

• White bread, wheat bread, rolls, toast Food group soups and bouillon 

• Crispbread • Vegetable stock, beef stock, broth 

• Muesli, cereal flakes  

• Rice, pasta  
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Table VIII-1c: Food item list for the new FFQ2002 
 

FFQ2002 item 

Food group meat and meat products Food group miscellaneous 

• Liver sausage, liver pie • Vegetarian spread 

• Salami • Hearty casseroles 

• Pork sausage, ham sausage • Tofu  

• Black pudding • Pizza, baguette  

• Ham, sliced roast • Salad (e.g. meat salad, egg salad) 

• Frying sausage  

• Hamburger, meatball, meat loaf  

• Frankfurter, bockwurst, knackwurst  

• Liver   

• Pork   

• Beef   

• Poultry   
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Table VIII-2: Composition of food groups for FFQ1994 and FFQ2002 
 
Food group Contents 

Potatoes  Potatoes, other tubers 
Vegetables  Leafy, fruiting, root vegetables, cabbages, mushrooms, grain and 

pod vegetables, onion, garlic, stalk vegetables, sprouts, mixed 
salad, mixed vegetables 

Legumes  Legumes 
Fruits  Fruits, nuts, seeds, mixed fruits, olives 
Dairy products Milk, milk beverages, yoghurt, cream desserts, puddings, dairy 

and non-dairy creams 
Cheese  Fromage blanc, petit suisse, cheeses,  
Cereals  Breakfast cereals, flour, flakes, starches, semoli 
Pasta  Pasta, rice, other grains 
Bread  Bread, crispbread, rusks 
Cake Cakes, biscuits, dough, pastry, salty biscuits 
Red meat Beef, veal, pork, mutton, goat, horse, offals 
Poultry  Chicken, turkey, duck, goose  
Processed meat Processed meat 
Fish  Fish, shellfish 
Eggs  Eggs, egg products 
Fat  Vegetable oils, butter, margarines, deep frying fat, other animal 

fat, marine oils 
Sugar Sugar, honey, jam, chocolate, candy bars, paste, non-chocolate 

confectionery, syrup, ice-cream 
Non alcoholic beverages Juices, non-alcoholic drinks, soft drinks, coffee, chicory, tea, 

herbal tea, water 
Alcoholic beverages Wine, beer, spirits, liqueurs, cocktails, punches 
Sauces Sauces, yeast, spices, condiments 
Soups  Soups, bouillon 
Miscellaneous  Soya products, dietetic products, snacks, artificial sweetener 
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Fig VIII-14: Example page of FFQ2002 
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Fig VIII-15: Example page of FFQ1994 
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Table VIII-3: Consumption (g/day) of food items identically inquired about in FFQ2002 and FFQ1994, 
EPIC-Potsdam comparison study, n=512 
 
Food item Men Women 

 FFQ1994 FFQ2002 FFQ1994 FFQ2002 

 Mean (SD)1 

Vegetarische Paste 0.1 (0.3) 0.1 (0.7) 0.3 (1.8) 0.3 (0.9) 

Quark, Kräuterquark (kein 
Früchtequark) 

23.0 (28.8) 16.0 (17.9)* 28.4 (41.8) 19.1 (19.0)* 

Weichkäse (z.B. Camembert, 
Brie) 

9.2 (12.5) 9.9 (10.1) 8.5 (11.3) 9.0 (12.0) 

Schnittkäse (z.B. Gouda, 
Emmentaler, Tilsiter, Edamer) 

18.2 (20.5) 16.3 (15.1) 17.0 (16.1) 19.1 (17.5) 

Banane 16.8 (21.5) 13.2 (19.3)* 17.6 (19.8) 14.9 (18.2)* 

Erdbeeren  12.7 (13.3) 12.8 (16.6) 18.7 (18.3) 17.2 (14.7) 

Weintrauben 8.3 (11.1) 8.9 (10.8) 11.2 (15.7) 11.1 (12.0) 

Obstkompott, Konservenobst 22.9 (38.6) 16.5 (17.9)* 13.0 (18.1) 13.9 (15.1) 

Nüsse 4.7 (11.2) 3.6 (6.6) 3.2 (6.7) 3.6 (5.8) 

Tomate, roh 17.0 (16.2) 15.7 (16.7) 21.5 (19.5) 17.2 (14.5)* 

Salatgurke 7.0 (8.5) 10.1 (16.9)* 9.7 (12.2) 11.4 (11.5) 

Sauerkraut  2.9 (3.6) 5.2 (4.6)* 2.5 (2.8) 4.8 (3.6)* 

Spinat 2.4 (3.0) 4.4 (4.5)* 3.2 (3.7) 5.2 (4.4)* 

Spargel 8.8 (13.0) 5.4 (4.8)* 7.6 (9.7) 6.9 (5.4) 

Gemüse-, Kartoffeleintopf 24.7 (21.0) 29.4 (29.3) 24.9 (29.1) 28.1 (22.9) 

Linsen-, Erbsen-, 
Bohneneintopf2 

21.5 (19.9) 20.1 (14.9) 11.6 (12.1) 10.5 (8.2) 

Ketchup 2.0 (3.0) 1.2 (1.3)* 2.0 (5.3) 1.2 (1.3)* 

Bratkartoffeln 11.0 (11.5) 10.1 (7.7) 7.0 (9.3) 6.1 (6.1) 

Bratwurst 10.9 (10.4) 9.9 (7.3) 7.0 (8.0) 7.3 (6.9)) 

Boulette, Hamburger, 
Hackbraten 

9.7 (10.7) 9.2 (8.7) 6.6 (9.5) 7.1 (5.7) 

Leber  1.8 (2.3) 2.5 (2.6)* 1.1 (1.5) 2.0 (2.4)* 

Eierpfannkuchen 3.9 (6.1) 4.8 (3.6) 2.4 (2.7) 4.3 (2.9)* 

Obstkuchen 26.1 (29.3) 19.1 (20.1)* 23.0 (32.6) 17.0 (15.6)* 

Hefegebäck, Hefekuchen 10.4 (13.7) 8.1 (9.0) 7.8 (9.3) 6.1 (6.0)* 

Sand-, Rühr-, Napfkuchen 6.5 (12.6) 4.1 (6.9)* 3.9 (6.7) 2.6 (3.1)* 

Apfelsaft 81.1 (171.2) 75.5 (187.6) 67.3 (103.6) 51.8 (93.4)* 

Multivitaminsaft 42.5 (111.1) 37.5 (102.5) 38.9 (81.7) 44.7 (177.4) 

Mineralwasser, Leitungswasser 565.6 (485.1) 496.9 (81.3) 753.6 (560.4) 730.7 (560.8) 

Früchte-, Kräutertee 150.7 (252.1) 129.2 (222.9) 250.7 (327.5) 208.2 (291.8)* 

Kaffee mit Koffein 349.0 (304.6) 252.8 (208.6)* 338.7 (276.4) 233.3 (191.4)* 

Kaffee ohne Koffein  39.4 (138.0) 23.9 (96.2) 33.3 (90.8) 28.4 (77.9) 

Tee, schwarz oder grün 117.5 (217.1) 84.1 (171.5)* 99.6 (180.4) 67.2 (125.6)* 
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Food item Men Women 

 FFQ1994 FFQ2002 FFQ1994 FFQ2002 

 Mean (SD)1 

Butter  7.4 (11.5) 7.0 (10.7) 5.0 (7.5) 6.3 (8.7)* 

Halbfettmargarine 8.8 (14.0) 9.6 (12.8) 7.6 (10.4) 10.2 (12.9)* 

Margarine  5.4 (10.0) 5.9 (10.4) 3.4 (7.8) 3.8 (8.2) 

Kekse, Plätzchen  5.6 (11.5) 5.8 (7.4) 4.1 (7.2) 5.2 (6.4) 

Schinken, Kassler, 
Bratenaufschnitt 

13.5 (19.7) 9.4 (11.0)* 9.8 (10.9) 8.3 (9.7) 

 
1 Equality of means tested using paired differences t-test * p< 0.01 
2 Portion sizes different for both genders
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Table VIII-4: Consumption (g/day) of food items in FFQ2002 that were summed items of FFQ1994, EPIC-
Potsdam comparison study, n=512 
 
Item FFQ2002 Item FFQ1994 Men Women 

  FFQ1994 FFQ2002 FFQ1994 FFQ2002 

  Mean (SD)1 

Kartoffeln, 
Kartoffelbrei, 
Kartoffelklöße2 

Salz-, u Pellkartoffeln 
als Beilage 

Kartoffelbrei 

Kartoffelklöße, 
Semmelknödel 

93.2 (51.3) 94.3 (49.5) 73.2 (41.1) 77.0 (40.2)

Grüne Bohnen, 
junge Erbsen  

Grüne Bohnen 

Grüne Erbsen 

7.2 (5.9) 7.4 (6.7) 7.8 (7.6) 7.2 (6.8)

Apfel, Birne Apfel (Sommer) 

Apfel (Winter) 

Birne 

43.2 (40.6) 26.7 (23.8)* 47.6 (47.8) 31.6 (30.9)*

Vollkornbrot, -
brötchen 

Vollkornbrot 

Dunkles oder 
Vollkornbrötchen 

44.4 (61.4) 41.4 (43.7) 56.6 (55.8) 45.0 (41.8)*

Weiß-, 
Weizenbrot, -
brötchen, 
Toastbrot 

Weiß-, Weizenbrot, 
Toastbrot 

Helles Brötchen 

33.7 (30.4) 25.0 (25.2)* 23.2 (25.5) 18.5 (21.6)*

Reis, Nudeln Nudeln (… 
Hauptgericht oder 
Beilage) 

Reis (... Hauptgericht 
oder Beilage) 

16.5 (14.4) 15.1 (12.6) 18.0 (17.7) 18.3 (12.5)

Salami, Teewurst Salami 

Teewurst 

13.8 (18.3) 6.7 (6.2)* 7.9 (8.6) 5.4 (6.3)*

Schweinefleisch2 Schweineschnitzel, 
Kotelett, Steak, Filet 

Schweinebraten 

Schweinegulasch, 
Geschnetzeltes 

Kassler, 
Schweinerippchen 

Kochfleisch vom 
Schwein, Eisbein, 
Haxe 

Schweinebauch 

22.1 (17.9) 20.9 (15.9) 13.9 (12.1) 15.0 (18.5)

Rindfleisch2 Rindersteak, Filet, 
Lende 

Rinderbraten, 
Kochfleisch 

Rinderrouladen 

Rindergulasch, 

11.3 (9.7) 11.6 (10.4) 6.6 (9.0) 7.3 (8.3)
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Item FFQ2002 Item FFQ1994 Men Women 

  FFQ1994 FFQ2002 FFQ1994 FFQ2002 

  Mean (SD)1 

Geschnetzeltes 

Geflügelfleisch2 Brathähnchen 

Putengeschnetzeltes, 
Ente, Gans 

15.0 (13.9) 15.1 (11.2) 10.2 (9.0) 10.5 (7.3)

Ei, gekocht, 
gebraten 

Ei, hart- oder 
weichgekocht 

Spiegelei, Rührei, 
Omelette 

19.3 (15.3) 10.2 (6.7)* 15.1 (10.9) 9.6 (5.9)*

Schokolade, 
Pralinen 

Schokolade 

Pralinen 

9.9 (12.6) 10.5 (11.1) 8.4 (15.8) 8.2 (9.3)

Speiseeis, 
Pudding, 
Früchtequark 

Pudding, 
Früchtequark, 
Eisbecher 

Speiseeis 

22.8 (47.8) 17.6 (17.9) 15.4 (19.8) 14.2 (14.4)

Marmelade, 
Konfitüre, Gelee, 
Honig 

Marmelade, Konfitüre, 
Gelee 

Honig 

14.2 (13.9) 11.8 (10.6)* 12.0 (10.9) 12.2 (9.8)

Limonade, Cola Limonadegetränk 

Colagetränk 

52.6 (173.1) 33.0 (130.1)* 17.9 (78.7) 11.9 (58.5)

 
1 Equality of means tested using paired differences t-test * p< 0.01 
2 Portion sizes different for both genders 
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Table VIII-5: Consumption (g/day) of food items with similar questions in FFQ2002 and FFQ1994, EPIC-
Potsdam comparison study, n=512  
 
Food item  Men Women 

FFQ2002 FFQ1994 FFQ1994 FFQ2002 FFQ1994 FFQ2002 

  Mean (SD)1 

Fruchtjoghurt Fruchtjoghurt 34.2 (46.9) 35.9 (40.9) 49.5 (115.5) 43.2 (46.8)

Schlagsahne Schlagsahne 3.8 (7.9) 1.4 (1.7)* 1.7 (5.4) 1.3 (1.9)

Grau-, Roggen-, 
Mischbrot, -brötchen 

Grau-, Roggen-, 
Mischbrot 

106.0 (82.8) 56.7 (48.6)* 60.6 (50.3) 47.5 (41.6)*

Möhren, roh oder 
gegart 

Rohe Möhren, 
Karotten 

Möhren-, 
Karottengemüse 

7.1 (11.6) 7.3 (9.2) 10.4 (18.2) 10.0 (10.9)

Grüne Salate, 
Salatmischung, 
Weißkohl roh, 
Chinakohl 

Kopf-, Endivien-, 
Feldsalat, Chinakohl

Gemischter Salat 

9.6 (9.7) 7.0 (8.0)* 14.0 (14.1) 8.5 (8.9)*

Gemüsepaprika, roh Rohe Paprika, 
Pfefferschote 

5.0 (7.7) 8.3 (13.5)* 8.2 (10.7) 10.7 (12.7)*

Tomatensauce (auch 
Konserve, passierte 
Tomaten) 

Tomatengemüse, -
sauce 

2.5 (3.6) 3.5 (3.7)* 3.4 (3.8) 4.5 (4.6)*

Weiß-, Blumenkohl, 
Brokkoli, Kohlrabi 

Blumen-, Rot-, 
Weißkohl, Kohlrabi, 
Brokkoli 

12.3 (12.6) 11.0 (8.6) 13.4 (10.6) 14.5 (13.7)

Zucchini Zucchini, 
Auberginen 

1.4 (3.8) 1.6 (2.2) 2.2 (3.8) 2.6 (3.6)

Orange, Mandarine, 
Kiwi 

Kiwi, Mango, frische 
Ananas (Sommer, 
Kiwi, Mango), fr. 
Ananas (Winter) 

Orange, Apfelsine, 
Grapefruit 

Mandarine 

25.1 (26.7) 8.1 (8.8)* 37.7 (31.7) 12.8 (12.1)*

Pflaume, Pfirsich, 
Aprikose 

Pfirsich, Nektarine 

Kirschen, 
Zwetschgen, 
Mirabellen 

20.4 (21.4) 8.3 (7.4)* 31.3 (32.8) 9.8 (9.6)*

Rote Johannis-, 
Brom-, Himbeeren 

Johannis-, Him-, 
Brombeeren u.a. 

2.3 (4.5) 3.5 (5.2)* 3.7 (6.4) 4.4 (6.0)

Naturjoghurt, 
Buttermilch, 
Dickmilch, Kefir 

Joghurt 

Dickmilch, Kefir 

20.2 (32.8) 22.8 (37.1)* 39.7 (58.4) 38.3 (48.2)

Knäckebrot Knäckebrot, 
Laugenbrezel, 
Hörnchen 

7.6 (17.8) 4.9 (6.8)* 10.7 (20.9) 6.1 (8.3)*

Müsli, 
Getreideflocken 

Müsli, 
Getreideflocken, 
Körner 

5.9 (15.7) 4.9 (11.3) 6.1 (15.1) 5.8 (11.7)
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Food item  Men Women 

FFQ2002 FFQ1994 FFQ1994 FFQ2002 FFQ1994 FFQ2002 

  Mean (SD)1 

Leberwurst, 
Leberpastete 

Leberwurst 5.8 (7.6) 4.8 (6.7) 3.3 (4.9) 3.1 (4.7)

Jagd-, Fleisch-, 
Schinkenwurst, 
Bierschinken 

Bierschinken, 
Lyoner, Jagdwurst 

11.1 (17.6) 9.7 (10.5) 9.2 (11.2) 9.5 (12.9)

Bock-, Knackwurst, 
Frankfurter 

Frankfurter, Bock-, 
Knackwurst, 
Fleischkäse 

9.3 (14.6) 7.6 (6.9) 5.8 (10.8) 4.8 (5.3)

Rot-, Blutwurst Rot-, Blutwurst, 
Preßsack  

4.8 (7.4) 3.4 (6.1)* 1.7 (3.8) 1.8 (2.8)

Sahne-, Crème-, 
Obsttorte, 
Käsekuchen 

Sahne-, Crème-, 
Obsttorte 

8.5 (11.3) 8.7 (8.8) 8.2 (16.8) 7.9 (8.7)

Orangensaft Orangensaft, 
Grapefruitsaft 

61.6 (127.3) 61.2 (102.8) 58.9 (95.7) 52.3 (91.2)

Trauben-, Kirsch-, 
Ananassaft 

Trauben-, Kirsch-, 
Ananassaft u.a. 

25.0 (62.7) 14.4 (52.5) 27.8 (70.0) 17.8 (66.0)

Überbackenes 
Baguette, Pizza 

Pizza 6.1 (9.8) 7.9 (9.2)* 3.9 (5.3) 7.4 (7.2)*

Frischkäse 
(Doppelrahmstufe, 
Rahmstufe) 

Frischkäse 7.0 (9.1) 4.6 (7.0)* 8.0 (8.7)* 5.5 (8.1)*

Milch Milch 70.3 (115.4) 76.4 (111.5) 80.8 (168.4) 66.6 (95.8)

Kakao, Fruchtmilch Milchmixgetränke 25.7 (74.0) 8.9 (16.4)* 26.8 (87.7) 11.4 (24.5)*

Klare Brühe Klare Brühe, klare 
Suppe 

4.7 (9.9) 5.7 (6.0) 4.3 (8.5) 5.3 (5.6)

 

1 Equality of means tested using paired differences t-test * p<0.01 
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Table VIII-6: Correlation coefficient between nutrient intake of key food groups in FFQ2002 and of the 
entire FFQ1994, EPIC-Potsdam comparison study, n=512 
 

FFQ2002
1 FFQ1994

2 Key food group No. of items 

Mean (SD) 

r  3 

Energy (kJ/d) 
Max_r 16 2480 (1050) 7489 (2213) 0.46 

Stepwise baseline FFQ 24 3067 (1193)  0.48 

Stepwise calibration 24HR 31 2692 (1004)  0.52 

Contribution analysis FFQ 27 4018 (1481)  0.48 

Contribution analysis 24HR 16 2178 (1017)  0.33 

Carbohydrate (g/d)   
Max_r 13 92.1 (45.8) 206.5 (66.8) 0.46 

Stepwise baseline FFQ 18 109.3 (48.9)  0.49 

Stepwise calibration 24HR 28 96.6 (44.1)  0.49 

Contribution analysis FFQ 14 110.4 (47.2)  0.45 

Contribution analysis 24HR 14 108.9 (44.8)  0.44 

Dietary fibre (g/d) 
Max_r 17 12.8 (5.4) 0.43 

Stepwise baseline FFQ 12 10.8 (5.0) 0.43 

Stepwise calibration 24HR 21 13.0 (5.5) 0.47 

Contribution analysis FFQ 14 12.1 (5.2) 0.42 

Contribution analysis 24HR 12 11.1 (5.0) 

21.7 (6.9) 

0.38 

Protein (g/d)  
Max_r 13 24.6 (10.6) 65.3 (19.3) 0.32 

Stepwise baseline FFQ 22 34.2 (13.1)  0.36 

Stepwise calibration 24HR 24 30.8 (12.5)  0.35 

Contribution analysis FFQ 24 40.3 (13.8)  0.40 

Contribution analysis 24HR 15 28.6 (11.1)  0.36 

Fat (g/d)  
Max_r 19 38.1 (15.1) 68.2 (26.2) 0.48 

Stepwise baseline FFQ 19 36.0 (14.6)  0.51 

Stepwise calibration 24HR 24 33.5 (15.1)  0.45 

Contribution analysis FFQ 26 47.1 (16.7)  0.50 

Contribution analysis 24HR 30 38.7 (15.1)  0.44 

Saturated fatty acids (g/d)  
Max_r 15 15.3 (7.4) 27.4 (11.5) 0.55 

Stepwise baseline FFQ 14 14.6 (7.4)  0.56 

Stepwise calibration 24HR 17 8.9 (5.6)  0.48 

Contribution analysis FFQ 22 19.2 (8.1)  0.58 

Contribution analysis 24HR 25 16.9 (7.6)  0.53 

continued 
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FFQ2002
1 FFQ1994

2 Key food group No. of items 

Mean (SD) 

r  3 

Continued:                                      Monounsaturated fatty acids (g/d) 
Max_r 19 14.3 (5.5) 23.9 (9.4) 0.52 

Stepwise baseline FFQ 19 14.3 (5.5)  0.53 

Stepwise calibration 24HR 29 14.8 (6.0)  0.50 

Contribution analysis FFQ 24 16.4 (6.0)  0.55 

Contribution analysis 24HR 31 15.1 (5.5)  0.49 

Polyunsaturated fatty acids (g/d) 
Max_r 10 5.8 (3.9) 12.1 (5.1) 0.38 

Stepwise baseline FFQ 7 5.7 (3.9)  0.37 

Stepwise calibration 24HR 15 5.1 (3.7)  0.34 

Contribution analysis FFQ 23 8.6 (4.2)  0.42 

Contribution analysis 24HR 21 5.9 (3.6)  0.42 

Cholesterol (µg/d)   
Max_r 13 126.2 (48.8) 251.6 (103.8) 0.59 

Stepwise baseline FFQ 11 106.9 (43.6)  0.54 

Stepwise calibration 24HR 8 85.3 (40.1)  0.50 

Contribution analysis FFQ 18 160.1 (58.1)  0.55 

Contribution analysis 24HR 32 173.3 (60.2)  0.54 

Alcohol (g/d)   
All methods 2 11.5 (15.7) 9.0 (16.7) 0.84 

β-carotene (mg/d) 

Max_r 5 1.45 (0.96) 2.81 (1.76) 0.56 

Stepwise baseline FFQ 4 1.12 (0.86)  0.53 

Stepwise calibration 24HR 4 1.32 (1.48)  0.51 

Contribution analysis FFQ 12 1.88 (1.04)  0.56 

Contribution analysis 24HR 19 1.75 (1.03)  0.56 

Vitamin A (mg/d)   

Max_r 3 0.70 (0.57) 1.29 (0.57) 0.52 

Stepwise baseline FFQ 3 0.70 (0.57)  0.52 

Stepwise calibration 24HR 4 0.78 (0.61)  0.51 

Contribution analysis FFQ 12 1.04 (0.60)  0.54 

Contribution analysis 24HR 20 0.68 (0.42)  0.41 

Vitamin E (mg/d) 
Max_r 19 5.13 (2.39) 10.6 (3.7) 0.44 

Stepwise baseline FFQ 15 4.10 (2.17)  0.43 

Stepwise calibration 24HR 9 2.86 (1.92)  0.36 

Contribution analysis FFQ 29 7.10 (2.80)  0.46 

Contribution analysis 24HR 25 5.20 (2.40)  0.42 

continued 
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FFQ2002
1 FFQ1994

2 Key food group No. of items 

Mean (SD) 

r  3 

Continued:                                                      Vitamin C  (mg/d) 
Max_r 5 46.1 (38.7) 133.0 (61.2) 0.52 

Stepwise baseline FFQ 5 46.1 (38.7)  0.52 

Stepwise calibration 24HR 5 55.2 (62.8)  0.53 

Contribution analysis FFQ 12 75.6 (45.7)  0.57 

Contribution analysis 24HR 9 66.8 (43.7)  0.55 

Folic acid (µg/d)  
Max_r 13 38.7 (15.5) 100.4 (30.2) 0.40 

Stepwise baseline FFQ 20 50.0 (18.2)  0.43 

Stepwise calibration 24HR 16 34.5 (15.7)  0.42 

Contribution analysis FFQ 25 59.1 (19.8)  0.44 

Contribution analysis 24HR 17 39.9 (15.1)  0.38 

Vitamin B1 (mg/d)   
Max_r 16 0.57 (0.24) 1.08 (0.31) 0.48 

Stepwise baseline FFQ 12 0.44 (0.22)  0.42 

Stepwise calibration 24HR 17 0.49 (0.24)  0.49 

Contribution analysis FFQ 18 0.57 (0.24)  0.48 

Contribution analysis 24HR 27 0.67 (0.27)  0.52 

Vitamin B2 (mg/d)  

Max_r 18 0.67 (0.30) 1.31 (0.42) 0.41 

Stepwise baseline FFQ 13 0.53 (0.28)  0.37 

Stepwise calibration 24HR 8 0.40 (0.26)  0.33 

Contribution analysis FFQ 26 0.84 (0.32)  0.46 

Contribution analysis 24HR 29 0.78 (0.31)  0.43 

Calcium  (mg/d) 
Max_r 6 380.3 (244.2) 721.4 (295.8) 0.49 

Stepwise baseline FFQ 6 380.3 (244.2)  0.49 

Stepwise calibration 24HR 6 351.4 (233.6)  0.48 

Contribution analysis FFQ 12 496.2 (259.3)  0.53 

Contribution analysis 24HR 19 512.0 (263.0)  0.53 

Iron  (mg/d) 
Max_r 30 6.7 (2.5) 12.1 (3.1) 0.45 

Stepwise baseline FFQ 26 5.2 (2.1)  0.43 

Stepwise calibration 24HR 38 5.7 (2.2)  0.42 

Contribution analysis FFQ 20 5.3 (2.2)  0.39 

Contribution analysis 24HR 12 3.7 (1.7)  0.26 
 
1 Nutrient intake by key food group in FFQ2002 
2 Total nutrient intake in FFQ1994 
3 Spearman rank correlation coefficients 
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