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1 Introduction 

Food-based dietary guidelines (FBDG) are important tools for nutritional advice and policy 

decisions to promote a wholesome diet in the general population. FBDG should address 

the country-specific dietary situation and related public-health problems, take into account 

national consumption patterns, be practical (foods included in the FBDG must be 

accessible and affordable), evidence-based, and easy to understand by the general public 

[1, 2]. Mostly, FBDG are visualised by pictorial representations like pyramids or circles to 

ease communication of the most important messages.  

In Germany two main types of quantitative FBDG exist: 1) the Food Pyramid published by 

the German Agency for Consumer Information (AID) [3], 2) the Nutrition Circle published 

by the German Nutrition Society (DGE) [4]. However, the potential of national FBDG 

concerning chronic disease prevention is not fully understood as they are primarily based 

on a nutritive approach. This implies that they are derived from national nutrient 

recommendations aiming to ensure adequate supply with all essential nutrients in the 

general population. Additionally, the FBDG should promote general good health. 

In Germany and other Western industrialised countries cardiovascular diseases (CVD), 

type 2 diabetes, and cancer represent the most frequent non-infectious chronic diseases 

burdening our life expectancy and quality, and the budget of our health care system. With 

42% of all deaths (>350 000 persons) in the year 2009 [5] CVD is the leading cause of 

death in Germany and further causes the highest medical costs (~37 billion € in 2008 [6]). 

The second most common cause of death in Germany is cancer with 26% of all deaths 

(>220 000 persons) in 2009 [5]. With an incidence of nearly 470 000 persons in the year 

2008 [7], cancer also causes high health care expenses (~18 billion € in 2008 [6]). 

Moreover, >7 million persons in Germany are suffering from diabetes (90% of them, i.e. 

~6 million persons, are diagnosed with type 2 diabetes) [8] and the yearly expenses in 

2008 were 6.3 billion € [6]. For the future, a further increase in prevalence of these 

diseases is expected as a consequence of demographic changes and the increase of 

overweight and obesity prevalence in our society [9, 10].  

Consequently, preventing a part of these diseases is not only important to improve the 

quality of life in an ageing population but also to lower costs in the health-care system. 

Therefore, it is of high public health relevance to ask whether a high adherence to national 

food recommendations can contribute to prevention of chronic diseases. However, the 

FBDG of Germany have not yet been evaluated concerning their capability of preventing 

major chronic diseases. In addition, there is still uncertainty about what specific foods or 

food groups might have the strongest impact on our health. To study the associations 

between single food groups and major chronic diseases can help to identify promising 
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foods for chronic disease prevention that can be potentially considered for improvement of 

the current FBDG.  

Compared to the traditional nutritive approach, a stronger focus on chronic disease 

prevention in the formulation of dietary guidelines is reasonable because nowadays we 

are confronted with the problem of dietary excess and the associated diseases rather than 

shortages of nutrient supply [9]. In contrast to discrete nutrients, specific foods and dietary 

patterns substantially affect chronic disease risk, as shown by controlled trials and 

prospective cohort studies [11-17]. Furthermore, a stronger focus on foods reflects 

complex interactions of non-essential and essential nutrients within food structure as well 

as effects of food preparation methods. Not least, recommendations on food intake are 

better interpretable and understandable for the layperson. 

 

1.1 Objectives 

To address the research gaps mentioned before, it was the objective of the present 

doctoral thesis to evaluate the German FBDG concerning their potential of chronic 

disease prevention. Therefore, we aimed to investigate the association of adherence to 

German FBDG and risk of chronic diseases in the European Prospective Investigation into 

Cancer and Nutrition (EPIC)-Potsdam study. Consequently, two dietary indices were 

developed that measure the adherence to recommendations of the German AID-Food 

Pyramid and the DGE-Nutrition Circle. Subsequently, these indices were investigated in 

relation to occurrence of incident nutrition-dependent chronic diseases; namely CVD 

(myocardial infarction and stroke), type 2 diabetes, and cancer. With this approach it was 

furthermore possible to identify which of the single food groups included into the AID-Food 

Pyramid or the DGE-Nutrition Circle are related to overall chronic disease risk.  

To obtain deeper insight into the question what foods might provide the strongest potential 

for chronic disease prevention, we additionally aimed to conduct comprehensive 

multivariable-adjusted Cox regression analyses of 45 more specific food groups in relation 

to chronic disease risk using EPIC-Potsdam data. Based on the results of these analyses 

candidate foods that are independently related to major chronic disease occurrence could 

be identified. Subsequently, suggestions for potential enhancement of the current German 

FBDG have been derived by focussing especially on those foods that are related to 

disease risk. These refined food recommendations could be included into an optimised 

dietary index in order to evaluate the enhancement of the optimised food 

recommendations compared to the existing FBDG in Germany concerning overall chronic 

disease prevention. 
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1.2 Food-based dietary guidelines and their graphical 

illustration1 

To adequately consider specific national dietary consumption patterns and related public 

health problems, each country releases its own food-based dietary guidelines (FBDG) [1]. 

Usually FBDG are communicated by using graphical models in order to improve the 

understanding by the general population. Therefore, two main types of graphical 

illustrations are used. First, food circles/plates are used to represent the proportion of 

specific food groups in total dietary intake. Second, two-dimensional pyramids (triangles) 

allow the ranking of foods to exemplify the most important messages about a wholesome 

diet [1]. Some countries use circles or plates (e.g. Great Britain [18]) but most European 

countries prefer the triangle shape [1]. In Germany, both types of pictorial representation 

are used: the circle as well as the pyramid (see chapter 1.3). Nowadays, approximately 

100 different types of food pyramids exist, which consider international, national, regional, 

or target-group specific recommendations (e.g. vegetarians, vegans, and athletes) [19]. 

The triangle or pyramidal form became well-known throughout the world after the 

US Department of Agriculture (USDA) released the “Food Guide Pyramid” with six food 

groups arranged in four horizontal bars in 1992 [19]. This pyramid was revised in 2005 

(MyPyramid) to consider updates of the Dietary Guidelines for Americans (2005) and to 

overcome some misperceptions. For example, vertical instead of horizontal bars were 

used in the new graphic symbol since consumer research revealed that just a few 

consumers were able to place the groups into the correct tier of the original Pyramid 

graphic [20]. MyPyramid was accompanied by interactive tools which allow to derive 

individualised recommendations depending on the age, sex, body size and weight, and 

physical activity of the consumer [21] to facilitate self-assessment and monitoring of 

nutrition, physical activity status, and energy balance [22]. In June 2011, the pyramid was 

replaced by a circle shape (MyPlate) that was introduced along with updating of USDA 

food patterns for the 2010 Dietary Guidelines for Americans. MyPlate has four coloured 

sectors as a simplified illustration of the following food groups or nutrients: fruits, 

vegetables, cereals, and protein. Comparable to MyPyramid, it is supplemented by 

several additional information and interactive tools. In contrast to the preceding pyramid 

model, it illustrates quantity relationships of foods and can therefore be considered as an 

approximation to the German Nutrition Circle (see section 1.3.1). However, as MyPlate 

was developed to simplify the messages on a healthy diet as far as possible it can not 

provide specific information [23]. 
                                                
1 Please note: The content of the chapters 1.2-1.3 is also published by the author within a book chapter 
  entitled “The German food pyramid” for the book “Dietary Quality: An Evidence-Based Approach” that is 
  issued by Springer in 2012. 
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Beside circles (or plates) and pyramids, a series of further unique forms exist to illustrate 

country-specific FBDG, e.g. a house in Hungary, stairs in France [1], a pagoda in Korea 

and China [18], the rainbow in Canada, or a spinning top in Japan [24, 25]. 

 

Even though there are differences in the shapes of food guide illustrations and food 

groupings between countries, all international food guide illustrations have the same core 

recommendation, i.e. to prefer plant foods like cereal products, vegetables and fruits, 

whereas animal foods like meat and dairy products should be consumed in rather 

moderate amounts [18]. 
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1.3 Food-based dietary guidelines in Germany and their pictorial 

representation 

The German Nutrition Society (DGE) has the responsibility to issue the official nutrient 

and food recommendations for Germany. At present, the DGE combines the circle and 

triangle shape by means of the 3D Food Guide Pyramid (see chapter 1.3.1) that 

represent the officially accepted model for Germany. Recommendations on quantities of 

food intake are communicated by the Nutrition Circle [4], which is at the bottom of the 

3D Food Guide Pyramid. The four sides of the 3D Food Guide Pyramid comprises 

supplementary information on food quality to promote an adequate food choice within the 

main food groups [26, 27]. 

In addition, also other societies like the German Agency for Consumer Information (see 

chapter 1.3.2) or the food industry (e.g. Kellogg’s [28], Nestle) have published alternative 

food pyramids, which basically refer to the core recommendations of the German Nutrition 

Society. Before pyramids were established in Germany, the circle has been the only 

symbol to translate dietary recommendations for a long time. In 1956 the first food circle 

with seven segments visualising seven food groups was already established by Spies and 

since then continuously enhanced. The recent Nutrition Circle (chapter 1.3.1) was 

published by the German Nutrition Society in 2004. Compared to the circle, pyramidal or 

triangle shapes were introduced onto the market much later, indeed not until the 1980ies 

[29].  

 

1.3.1 Nutrition Circle and 3D Food Pyramid from the German Nutrition 

Society 

For the implementation of recommendations for a wholesome diet the German Nutrition 

Society (DGE) established an innovative model that combines two graphical 

representations. The Nutrition Circle represents a realisation of quantitative food 

recommendations illustrating the quantity relationships of foods within a wholesome diet. 

The Nutrition Circle forms the basis of the 3D Food Pyramid whose four sides illustrate 

qualitative aspects (nutritional value) of foods. The 3D Food Pyramid is the officially 

accepted model for Germany to represent food-based dietary recommendations for the 

general population. This model was realised in 2005 by the DGE in close cooperation with 

representatives from the German Agency for Consumer Information (AID), the German 

Federal Ministry of Nutrition, Agriculture, and Consumer Protection (BMELV), as well as 

scientists and experts from the field of practice [30].  
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The recommendations in the Nutrition Circle were derived according to the so-called 

“nutritive approach“ which means that the DACH reference values [31] for intake of 

essential nutrients were transferred to food patterns [32]. In addition to the DACH 

reference values, the 10 Nutritional Guidelines [33] from the DGE as well as the 

recommendations of the “five-a-day” [34] campaign to promote consumption of vegetables 

and fruits are considered for the food-based recommendations of the Nutrition Circle. 

Besides, the recommendations should also contribute to prevention of chronic diseases.  

The size of each segment represents the relative proportion of different food groups 

(cereal products, vegetables, fruits, dairy products, meat/fish/egg, added fat and oil, 

beverages) in total food intake. Beverages, however, have a special status because of 

their physiological importance and the high amount of intake and are, therefore, placed in 

the centre of the Nutrition Circle.  

Overall, the circle can be considered as a guide to an optimal diet rather than a mirror of 

dietary habits and therefore only comprises foods with presumably high nutritional value. 

Consequently, food products with a low nutritional value like sweet or fatty snacks as well 

as sugar-sweetened or alcoholic beverages are not included [32]. 

To calculate the recommended intake of foods included in the Nutrition Circle, exemplary 

diet plans were composed which take age- and sex-specific dietary allowances into 

account. Calculations were made for four groups: man or women aged 25-51 years and 

≥65 years, respectively, with an average body weight and a Physical Activity Level (PAL) 

of 1.4. A PAL of 1.4 refers to persons with sedentary work without or with a low level of 

strenuous leisure-time physical activity, e.g. office workers. This resulting energy intake 

ranged from 1600 kcal (females, ≥65 years, 55 kg body weight) to 2400 kcal (males, 

25-51 years, 74 kg body weight). The goal of these calculations is to cover reference 

values for all essential nutrients when considering the daily food intake averaged over 

7 days [30, 32]. 

Indeed, with these exemplary diet plans it was possible to cover the DACH reference 

values [31] for nearly all essential nutrients without using supplements. To assure an 

adequate iodine intake, 2 grams of iodinated salt per day is included into the daily plan. 

An adequate vitamin D supply can be achieved by UVB exposition, which catalyses its 

endogenous synthesis in the skin. Women who desire to have children are advised to use 

folic acid supplements [26, 32]. 
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Table 18 (appendix) shows the resulting recommended amount of dietary intake of single 

food groups that refers to intake per day, except meat, fish, and egg, whose 

recommendations refer to intake per week. The quantities of single food groups are given 

as a range; thereby lower values are valid for an energy intake of 1600 kcal/day (or 

~6700 kJ, respectively) whereas the upper values are adapted to an overall energy intake 

of 2400 kcal/day (~10 050 kJ) [32]. 

 

The recommendations of the Nutrition Circle to consume high amounts of fruit and 

vegetables [35-37], and especially cereal fibre [37-39], to adequately consume fish [40, 

41], and to reduce intake of meat (especially red meat) and processed meat [35, 37, 38, 

41] as well as fat intake [37, 41] are based on findings of nutritional science research and 

confirmed by evidence-based guidelines and systematic reviews.  

 

 

Figure 1 Nutrition Circle from the German Nutrition Society 

DGE-Ernährungskreis®, Copyright: German Nutrition Society e. V., Bonn 
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In contrast to the Nutrition Circle, the 3D Food Guide Pyramid (Figure 2) represents 

recommendations concerning food quality. To realise this, foods are summarised to four 

major groups: foods from plant origin, foods from animal origin, fat and oil as well as 

beverages. Within the four pyramid sides (triangles) foods are ranked according to 

specific criteria, primarily energy and nutrient density. In addition, epidemiological findings 

of preventive aspects are taken into account (“metabolic approach”) (specific ranking 

criteria are shown in Table 19 (appendix)).  

Foods that meet specific criteria very well (e.g. fruit and vegetables, fish and low-fat dairy, 

canola oil, or tap and mineral water) are arranged at the bottom of the pyramid, which 

implies that they should be consumed preferentially. In contrast, foods that do not meet 

these requirements stand at the top of each triangle and should be used sparingly 

(e.g. sweets, processed meat and eggs, lard and animal cooking fat, or soft drinks and 

energy drinks) [27]. Alcoholic beverages are not considered due to the risk for abuse [30, 

32].  

However, the position of specific foods within the four pyramid sides does not provide 

specific information concerning recommended quantity of intake. Specifications regarding 

quantity of food intake can be inferred only from the Nutrition Circle.  

Foods are evaluated with traffic-light colours (“green” = recommendable to “red” = less 

recommendable) within each pyramid side. Moreover, the use of photographs and labels 

(generic terms for the respective food groups) supports the communication of food-based 

dietary guidelines [30]. 

 

Figure 2 3D Food Guide Pyramid from the German Nutrition Society 

Three-dimensional food pyramid, Copyright: German Nutrition Society e. V., Bonn. 
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1.3.2 Food Pyramid published by the German Agency for Consumer 

Information 

Since 1999, the German Agency for Consumer Information (AID) uses pyramid models for 

the work with different target groups [26]. The recent didactical model was introduced in 

2003 as a model for children following the idea by Sonja Mannhardt. This pyramid 

contained five servings of cereal products in its basis since children have a relatively high 

energy requirement compared to their body size. As a result of the ongoing discussion 

about increasing overweight and obesity prevalence in our society, the AID introduced a 

second model for adults in 2006 with five servings of vegetables and fruit at its basis and 

four larger servings of cereals at the level above. This slight alteration helped to transport 

the message “fruit and vegetables – take five a day” which is a health campaign under the 

auspices of the German Federal Ministry of Nutrition, Agriculture, and Consumer 

Protection (BMELV) and the German Ministry of Health [34]. Since 2009, the version with 

five servings of fruit and vegetables and four servings of cereals is also valid for children 

and adolescents [42]. 

The scientific basis for the food recommendations of the AID-Food Pyramid are the 

recommendations for an optimised mixed diet (OptimiX)—released by the Research 

Institute for Child Nutrition (FKE, Dortmund)—for children and the recommendations of the 

German Nutrition Society (DGE) for adults, which in turn are based on the DACH 

reference values for nutrient intake [31].  

Foods are summarized to eight main groups that are arranged in six different levels.  

In contrast to the Nutrition Circle of the DGE (see chapter 1.3.1), recommendations are 

given in servings per day and also foods with a lower nutritional value like sweet and fatty 

snacks or alcohol are considered [26]. Moreover, some food groups, e.g. meat, sausage, 

fish, and eggs, are combined to make the graphical model easier to understand. Another 

difference to the 3D Food Guide Pyramid is that foods are primarily ranked according to 

their recommended quantity of intake - differences in quality within the eight main food 

groups are not taken into account. One similarity to the 3D Food Guide Pyramid released 

by the DGE is that traffic-light colours are used to support the interpretation that desirable 

foods are arranged at the bottom and less desirable foods stands at the top. Hence, 

beverages and plant foods form the basis, foods from animal origin can be found in the 

middle, and fat or oil as well as sweets, snacks, and alcohol are at the top of the pyramid. 

To quantify these recommendations, a specific number of daily servings is allocated to 

each pyramid level following the 6-5-4-3-2-1 rule that is easy to remember (Figure 3). In 

addition, the AID advises to choose one serving per day of meat, sausage, fish, or egg.  
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This is shown on the same level as dairy products since it belongs to foods from animal 

origin and should be consumed in higher quantities than fat and oils or sweets and 

snacks.  

Detailed information about the specific portion sizes for adults can be inferred from the 

appendix (Table 17). 

 

 
copyright: AID, idea: S. Mannhardt 
 

Figure 3 Food pyramid from the German Agency for Consumer Information (AID)  

(Source: www.aid-ernaehrungspyramide.de) 

1 serving extras (sweets, snacks with 
high fat content, and alcohol) 

2 servings fat and oils 

  3 servings dairy products 
+1 serving meat, sausage, fish, or eggs 

4 servings bread, cereals, and side dishes 

5 servings vegetables and fruits 

6 servings beverages 
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1.4 Evaluation of food-based dietary guidelines in other 

countries concerning their potential of chronic disease 

prevention 

Although dietary guidelines are primarily developed to ensure an adequate nutrient supply 

in the general population, they additional aim to promote overall health, including the 

prevention of major chronic disease events [43]. Therefore, we were interested in studies 

that evaluated whether adherence to country-specific food-based dietary guidelines 

(FBDG) is linked to the incidence of the most important chronic diseases in healthy adults 

(Table 1). Hence, the considered endpoints were cardiovascular diseases (myocardial 

infarction and stroke), type 2 diabetes, and cancer. Studies investigating solely mortality 

as an endpoint were not included into this literature overview as mortality is often a result 

of preceding chronic illnesses. Adherence to dietary guidelines is generally measured by 

means of a priori defined diet quality indices. Thereby, an increasing compliance with 

dietary guidelines is in general expressed by an increasing index score. During the last 

decade, several dietary indices were developed to assess overall adherence to specific 

foreign FBDG [44-53]. Still, whether adherence to specific national FBDG, as measured 

by these indices, is related to risk of major chronic diseases is only partially known.  

In general, almost all studies mentioned in Table 1 investigated indices that measure 

adherence to Dietary Guidelines for Americans in relation to chronic disease occurrence. 

Best known is the Healthy Eating Index (HEI) which was originally developed by the US 

Department of Agriculture in 1995 [49] and revised in 2005 [50, 54] to consider updates in 

the Dietary Guidelines for Americans. 

 

McCullough et al. reported that the HEI1 was only weakly associated with major chronic 

disease risk among participants of the Nurses Health Study and the Health Professional’s 

Follow-up Study. The Relative Risk (RR) of chronic diseases in the highest vs. lowest HEI 

quintile was 0.89 (95% Confidence Interval (CI): 0.79-1.00, p for trend <0.001) in men and 

0.97 (95% CI: 0.89-1.06, p trend = 0.58) in women [55, 56]. Concerning single disease 

endpoints, the HEI was inversely related to CVD, which was more pronounced in men, but 

not to overall cancer risk. Consequently, McCullough et al. developed an Alternate 

Healthy Eating Index (AHEI)2, and tested in the same study population whether the AHEI 

can more efficiently predict chronic diseases [57].  

                                                
1 The HEI assesses the adherence to the US Food Guide Pyramid and the 4th edition of Dietary Guidelines for 
  Americans (1995), and is based on nutrients and foods. 
2 The AHEI measures adherence to a specific dietary pattern (food groups and nutrients) which is related to 
  risk of chronic diseases, primarily CVD. The AHEI still includes several aspects of the original HEI and 
  hence some components (e.g. fruits, vegetables) correspond to the Dietary Guidelines for Americans (1995). 
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In contrast to the HEI, the AHEI also considers quality of foods and nutrients which are 

shown to be related to chronic disease risk in epidemiological studies (e.g. ratio of red 

meat to white meat (fish/poultry), cereal fibre, trans fatty acids, ratio of polyunsaturated 

fatty acids to saturated fatty acids, and alcohol) [58]. Consequently, the AHEI was nearly 

twice as predictive for overall chronic diseases as the HEI. Compared to people with the 

lowest scores, people in the highest score quintile showed a 20% reduced risk for overall 

chronic diseases in men and a 11% reduced risk in women (for the HEI, the overall risk 

was 11% lower among men and 3% lower among women in the highest quintile compared 

with the lowest quintile). Still, the AHEI failed to predict overall cancer risk [57, 58].  

Nevertheless, the AHEI score as well as a high adherence to the Dietary Guidelines for 

Americans 2005 (as measured by the HEI-20051 [59] and USDA score1 [60]) were found 

to be predictive for certain site-specific cancers, e.g. colorectal cancer [59] and its 

precursors [60]. These findings were corroborated by a recent systematic review by Bälter 

et al. [61]. In addition, the AHEI was inversely associated with oestrogen-receptor 

negative breast cancer [62]. 

Harnack et al. examined whether the Dietary Guidelines Index2 is related to overall and 

site-specific cancer occurrence in the Iowa Women’s Health Study. The observed 

significant inverse relation with risk of cancer (total cancer and site-specific cancers) was 

not persistent after exclusion of non-dietary factors (BMI and physical activity) from the 

index, with the exception of cancers in the bronchus and the lung [51].  

The AHEI mentioned before was also associated with lower risk of type 2 diabetes in the 

Nurses Health Study (RR for the highest vs. lowest score quintile = 0.64, 95% CI: 

0.58-0.71, p trend <0.0001) [63]. This observation was supported by a recently published 

analysis by de Koning et al. that reported an inverse association of the AHEI with 

incidence of type 2 diabetes in more than 40 000 male participants of the Health 

Professional’s Follow-up Study (RR for top vs. bottom quintile = 0.77, 95% CI: 0.67-0.88, 

p trend <0.01) [64]. In contrast, neither the HEI-2005 (for score description: see [50]) nor 

the 2005 Diet Quality Index (DQI)1 (for score description: see [65]) were associated with 

risk of type 2 diabetes [64, 66].  

 

                                                
1 The HEI-2005, USDA score, and the DQI-2005 measure the adherence to the 6th edition of Dietary 
  Guidelines for Americans (2005): food- and nutrient based. 
2 The Dietary Guidelines Index (DGI) measures compliance with the 5th edition of Dietary Guidelines for 
  Americans (2000): food- and nutrient-based; additionally considers BMI and physical activity. 
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In general, the studies described before evaluated the American Dietary Guidelines 

concerning their potential to prevent major chronic diseases. An exception is the 

SU.VI.MAX study where Kesse-Guyot et al. investigated the adherence to French nutrition 

guidelines, as measured by the Programme National Nutrition Santé-Guidelines Score 

(PNNS-GS)1 [67], in relation to risk of major chronic diseases [68]. The PNNS-GS was not 

associated with risk of major chronic diseases and cancer but a 35% reduced relative risk 

for CVD was observed among participants showing the highest compliance with French 

dietary guidelines. The findings remained stable after removing non-dietary factors (i.e. 

physical activity) from the index [68]. Previously, another score (FSIPO: French Score of 

Indicators of the PNNS Objectives) was developed and tested in relation to chronic 

diseases within the same study cohort. An inverse association between the FSIPO and 

risk of major chronic diseases was observed for men, but not for women, which was no 

longer significant after exclusion of non-dietary factors (hypertension, 

hypercholesterolemia, BMI, and physical activity) from the index [69].  

 

Still, more research is necessary to evaluate non-US FBDG in relation to chronic disease 

risk as FBDG differ between countries with respect to the food groups included and 

specific quantitative and qualitative food recommendations. The German FBDG, per 

example, have to date never been tested concerning their potential of chronic disease 

prevention. Furthermore, the majority of indices described in the literature (see Table 1) 

include foods as well as nutrient components (e.g. total fat, saturated fat, cholesterol, 

sodium). Indices that are solely based on food recommendations have hardly ever been 

investigated [70]. Hence, the objective of the present thesis was to investigate whether 

adherence to German FBDG included in the DGE-Nutrition Circle as well as the AID-Food 

Pyramid, which is measured by food-based dietary indices, may be associated with lower 

risk of major chronic diseases. 

 

                                                
1 The PNNS-GS is based solely on foods included in the French dietary guidelines and additionally 
  considers physical activity. 
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Table 1 Dietary indices1 that are based on FBDG and risk of incident chronic diseases (results from prospective cohort studies)  

Reference 
 

Study 
Baseline 

Follow-up time 

Study 
population 

 

Dietary assessment 
 

Index 

Outcome measure Results 

 
McCullough et al. 
2000 [56] 
 

 
Nurses Health Study, 
Baseline: 1984 
 
12 years of follow-up 
 

 
67 271 US 
female nurses 
(30-55 years at 
establishment of 
the study (in 
1976)) 
 

 
116-item FFQ 
administered at 1984, 
1986, and 1990 
 
Original HEI (based 
on Dietary Guidelines 
for Americans 1995) 

 
Incident major chronic 
diseases:  
n = 7077 (CVD: 1365, fatal 
and non-fatal cancer: 5216, 
other non-trauma related 
deaths: 496) 
 

 
HEI not associated with major chronic diseases 
(RR in highest versus lowest HEI quintile = 
0.97, 95% CI: 0.89-1.06, p for trend = 0.58) but 
weakly inversely related to risk of CVD (RR = 
0.86, 95% CI: 0.72-1.03, p for trend = 0.09) 
 
No association of the HEI with cancer 

 
McCullough et al. 
2000 [55] 
 

 
Health Professional’s 
Follow-up Study, 
Baseline: 1986 
 
8 years of follow-up 

 
38 622 US male 
health 
professionals 
(40-75 years at 
baseline) 
 
 

 
131-item FFQ 
administered at 1986 
and 1990 
 
Original HEI (based 
on Dietary Guidelines 
for Americans 1995) 

 
Incident major chronic 
diseases: 
n = 3119 (CVD: 1092, 
cancer: 1661, other non-
trauma related deaths: 366) 
 

 
HEI weakly inversely associated with major 
chronic diseases (RR in highest vs. lowest 
score quintile = 0.89, 95% CI 0.79-1.00, p for 
trend <0.001) and moderately inversely related 
to CVD risk (RR = 0.72, 95% CI 0.60-0.88, 
p trend <0.001) 
 
No association of the HEI with cancer 

 
McCullough et al. 
2002 [57, 58] 
 

 
Health Professional’s 
Follow-up Study 
(men), Baseline:1986 
 
Nurses Health Study 
(women), Baseline: 
1984 
 
8-12 years follow-up 

 
38 615 males 
(40-75 years at 
baseline (1986)) 
 
67 271 females 
(30-55 years at 
initiation of the 
study (1976)) 

 
FFQ containing ~ 130 
questions 
administered at: 
1986, 1990 in men;  
1984, 1986, and 
1990 in women 
 
Alternate Healthy 
Eating Index (AHEI) 

 
Incident major chronic 
diseases: 
n = 3119 in men (CVD: 
1092, cancer: 1661, other 
non-traumatic deaths: 366) 
 
n = 7077 in women  
(CVD: 1365, cancer: 5216, 
other non-traumatic deaths: 
496) 

 
High AHEI scores associated with significant 
decreased chronic disease risk, especially CVD, 
but not with cancer (RR for chronic diseases in 
highest vs. lowest AHEI quintile = 0.80, 95% CI: 
0.71-.091, p for trend <0.0001 in men and 0.89, 
95% CI: 0.82-0.96, p trend=0.01 in women) 
 
RR for CVD = 0.61 (95% CI: 0.49-0.75), p trend 
<0.001 in men; RR = 0.72 (95% CI: 0.60-0.86), 
p trend <0.001 in women 

                                                
1 Only indices that assess adherence to national food-based dietary guidelines (FBDG), and are not solely based on nutrients, were included into this literature overview.  
  Analyses that rely on diet scores that are based on the food intake distribution in a specific study population (e.g. Mediterranean Diet Score, DASH diet score) or just evaluate 
  whether a recommendable food was eaten or not (e.g. the Recommended Food Score, the Healthy Food Index) are not considered as they are not directly aiming to evaluate 
  national FBDG with regard to chronic disease prevention. 
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Table 1 continued 

Reference 
 

Study 
Baseline 

Follow-up time 

Study 
population 

 

Dietary assessment 
 

Index 

Outcome measure Results 

 
Harnack et al. 
2002 [51] 
 

 
Iowa Women’s 
Health Study (IWHS),  
Baseline: 1986 
 
12 years of follow-up 

 
34 708 US 
postmenopausal 
women  
(55-69 years at 
baseline) 

 
127-item FFQ 
 
Dietary Guidelines 
Index (DGI) (based on 
Dietary Guidelines for 
Americans 2000) 
 
 

 
Overall cancer  
(n = 4190) and specific 
cancer sites with >100 
events, e.g. upper 
digestive tract (175), 
colon (619), rectum (189), 
bronchus and lung (528), 
breast (1666), uterus 
(372), and ovary (164) 
 

 
15% decreased risk of overall cancer among 
participants in the highest vs. those in the 
lowest DGI score quintile (RR = 0.85; 95% CI: 
0.77-0.93; p<0.01) 
 
Significant associations of the DGI with overall 
and site-specific cancer incidence were not 
persistent after exclusion of non-dietary factors 
(BMI and physical activity) from the index, with 
the exception of cancers in the bronchus and in 
the lung 

 
Fung et al. 
2006 [62] 
 

 
Nurses Health Study, 
Baseline: 1984 
 
18 years of follow-up 

 
71 058 women, 
aged 38-63 years 
at baseline 

 
FFQ administered at 
1984, 1986, 1990, 
1994, and 1998 
 
Original HEI, AHEI, Diet 
Quality Index-Revised 
(DQI-R) 

 
3580 cases of breast 
cancer (2367 oestrogen-
receptor positive (ER+) 
and 575 ER-, the 
remainder (638) could not 
be classified) 

 
No association between any of these scores 
with total or ER+ breast cancer risk 
 
Inverse association of AHEI with ER- breast 
cancer (RR highest vs. lowest quintile = 0.78 
95% CI: 0.59-1.04, p trend = 0.01) 
 

 
Fung et al. 
2007 [63] 
 

 
Nurses Health Study, 
Baseline: 1984 
 
18 years of follow-up 
 

 
80 029 US 
women,  
aged 38-63 years 
at baseline 

 
FFQ administered at 
1984, 1986, 1990, 
1994, and 1998 
 
AHEI 

 
5183 incident cases of 
type 2 diabetes 

 
Women with high AHEI scores had a lower risk 
of type 2 diabetes (RR for top vs. bottom quintile 
= 0.64, 95% CI: 0.58-0.71, p trend <0.0001) 
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Table 1 continued 

Reference 
 

Study 
Baseline 

Follow-up time 

Study 
population 

 

Dietary assessment 
 

Index 

Outcome measure Results 

 
Reedy et al. 
2008 [59] 
 

 
National Institute of 
Health-AARP Diet and 
Health Study 
Baseline 1995-96 
 
5 years of follow-up 
 

 
492 382 US-
Americans  
(293 615 men, 
198 767 women), 
aged 50-71 years 

 
124-item FFQ at baseline 
 
AHEI, HEI-2005 (based 
on Dietary Guidelines for 
Americans 2005) 

 
3110 incident cases of 
colorectal cancer 
 

 
Significant inverse association of the HEI-2005 
and AHEI with colorectal cancer risk among 
men (RR for highest vs. lowest score quintile = 
0.72, 95% CI: 0.62-0.83 for the HEI-2005; 
0.71, 95% CI: 0.61-0.82 for the AHEI) 
 
In women, a significant inverse association was 
observed for the HEI-2005 (RR = 0.80, 95% CI: 
0.64-0.98) but the results for the AHEI were 
similar (RR = 0.83, 95% CI: 0.66-1.05). 

 
Kesse-Guyot et al. 
2011 [68] 

 
Supplémentation en 
Vitamines et Minéraux 
AntioXydants 
(SU.VI.MAX) study; 
Baseline: 1994  
 
12 years of follow-up 
 

 
5823 French 
(2437 men,  
aged 45-60 at 
baseline; 
3386 women, 
aged 35-60 at 
baseline) 

 
Mean of repeated 24-h 
dietary recalls (every 2 
months, 6x a year), if at 
least three 24HDRs were 
completed 
 
French Programme 
National Nutrition Santé 
(PNNS) Guideline Score 
(GS) 

 
Incident major chronic 
diseases: 734  
(CVD: 193, 
cancer: 423,  
death: 118) 

 
No association with risk of cancer, death, or the 
composite endpoint 
 
Significant inverse association with CVD risk in 
the fully adjusted model (HR for highest vs. 
lowest quartile = 0.65, 95% CI: 0.42-1.00,  
p trend = 0.04) 

 
Agnoli et al. 
2011 [71] 
 

 
EPICOR (investigation 
of causes of CVD in the 
Italian part of the 
European Prospective 
Investigation into 
Cancer and Nutrition 
(EPIC) study), 
Baseline: 1993-1998 
 
8 years of follow-up 

 
40 681 Italian 
men (aged 35-64 
years) and 
women (aged 35-
74 years) 
 
 

 
Baseline FFQ (188 items 
in Varese, Turin, 
Florence, 217 items in 
Ragusa, and 140 items in 
Naples) 
 
HEI-2005 (based on 
Dietary Guidelines for 
Americans 2005) 

 
178 cases of stroke 
(ischemic: 100, 
hemorrhagic: 47,  
other types: 31) 

 
No association of the HEI-2005 with overall or 
hemorrhagic stroke but inverse association with 
ischemic stroke (RR highest vs. lowest tertile = 
0.54, 95% CI: 0.31-0.94, p trend = 0.03) 
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Table 1 continued 

Reference 
 

Study 
Baseline 

Follow-up time 

Study 
population 

 

Dietary assessment 
 

Index 

Outcome measure Results 

 
de Koning L et al. 
2011 [64] 
 
 

 
Health Professional’s 
Follow-up Study, 
Baseline: 1986 
 
20 years of follow-up 

 
41 615 US men 
(40-75 years. at 
baseline) 

 
FFQ administered every 
2-4 years beginning in 
1986 
 
HEI-2005 (based on 
Dietary Guidelines for 
Americans 2005), AHEI 

 
2795 incident cases of 
type 2 diabetes 

 
After multivariate adjustment, the AHEI (RR 
highest vs. lowest quintile = 0.77, 95% CI: 0.67-
0.88, p trend <0.01) but not the HEI-2005 was 
significantly related with reduced risk of type 2 
diabetes. 

 
Zamora D et al. 
2011 [66] 
 
 

 
Coronary Artery Risk 
Development in 
Young Adults 
(CARDIA) study, 
Baseline: 1985-86 
 
20 years of follow-up 

 
4381 black and 
white young 
adults from US 
metropolitan 
areas  
(aged 18-30 
years at baseline) 

 
Interview on diet history 
at baseline, including a 
quantitative FFQ 
 
2005 Diet Quality Index 
(DQI) 
 

 
328 incident cases of 
type 2 diabetes 
 

 
No association between DQI score and risk of 
type 2 diabetes 

 
Abbreviations: AHEI Alternate Healthy Eating Index, CI Confidence Interval, CVD cardiovascular disease (refers to myocardial infarction and stroke), HEI Healthy Eating Index,  

HR Hazard Ratio (an effect estimate derived by Cox proportional hazard regression analysis that is equivalent to the Relative Risk concerning its 
interpretation), RR Relative Risk, US United States 
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2 Data and methods 

2.1 Data 

2.1.1 The EPIC study 

The EPIC (European Prospective Investigation into Cancer and Nutrition) is an ongoing 

large-scale prospective cohort study with the primary aim to investigate the association of 

diet and lifestyle factors with chronic diseases, especially cancer. The study, which is 

coordinated by the International Agency for Research on Cancer (IARC) of the World 

Health Organisation (WHO) in Lyon (France), comprises 23 study centres in ten European 

countries. The two German study centres are located at the German Institute of Human 

Nutrition (DIfE) in Potsdam-Rehbruecke and the German Cancer Research Centre 

(DKFZ) in Heidelberg [72, 73]. With a total number of about 520 000 participants it is the 

largest study in Europe to investigate the relationship between diet as well as metabolic or 

genetic factors and special cancer sites [73]. 

The procedures of data collection were defined in a core protocol. After approval of the 

core design, each group was asked to adopt this scheme to the national situation and to 

develop and validate the local food frequency questionnaires [74]. Due to age- and 

sex-specific cancer incidence rates women aged 35-65 years and men aged 40-64 years 

were recruited to the study [75]. 

 

2.1.2 EPIC-Potsdam study 

Participants of the EPIC-Potsdam study were randomly selected by using residents’ 

registration offices and invited by mail to take part in the baseline examination. Thereby, 

27 548 participants aged mainly 35-65 years could be recruited between 1994 and 1998 

from the general population of Potsdam and adjacent communities. The participation rate 

compared to the invited number of participants was 22.7%. At recruitment, every 

participant was informed about the aims of the EPIC-Potsdam study and methods of data 

collection and data protection before he or she gave an informed consent to the study. 

The study was approved by the Ethical Committee of the federal state of Brandenburg 

[72]. The study instruments of the baseline examination included a computer-guided 

interview on diet, lifestyle habits and medical history, self-administered questionnaires on 

food consumption and lifestyle as well as physical examinations performed by trained staff 

at the study centre [75].  

Every two to three years, the participants received a mailed follow-up questionnaire to 

assess incident diseases, medication, and changes in diet and other lifestyle factors. 
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Comprehensive reminder and tracing systems contributed to a high follow-up response 

rate (93-96 %, depending on the follow-up round) and high completeness of data [76]. 

 

2.1.3 Data assessment at baseline 

A brief overview of the instruments used for baseline data assessment and the measured 

variables is presented in Table 2. Particular focus was given to dietary assessment by 

using food frequency questionnaires (see chapter 2.1.4) and 24-hour recalls. In addition, 

information on non-dietary risk factors for chronic diseases, which could be potential 

confounding factors, were also collected at baseline by means of questionnaires or 

interviews. This refers to, for instance, socio-demographic variables (e.g. sex, age, and 

education), lifestyle factors (e.g. smoking habits, alcohol consumption, leisure-time 

physical activity), and health-related variables (e.g. prevalent hypertension, history of 

increased blood lipid levels at baseline). Anthropometric variables (e.g. BMI, waist-to-hip 

ratio) were measured by trained personal [75]. The above listed variables were also 

considered as covariates in the present doctoral thesis.  

 

Table 2 Baseline assessment instruments and variables [75] 

Assessment instrument Variables 

 
Self-administered lifestyle questionnaires

1 

 
Food frequency questionnaires 
 
 
 
Lifestyle questionnaire 
 

 
 
 
Frequency and quantity of food consumption, 
use of sauces and fat, regular use of 
supplements 
 
Family status, education, occupational position, 
history of alcohol consumption, etc. 
For women: age at menarche, menopause, 
number of children, oral contraceptive use, 
hormone replacement therapy, etc. 

 
PC interviews

 

 
PC-guided menu-controlled interactive interview 
 
 
 
 
EPIC-SOFT 24-hour recall 

 
 
 
Occupation, smoking history, physical activity in 
winter and summer, weight history, subjective 
health situation, medical anamnesis, use of 
medication during the previous four weeks, etc. 
 
Food consumption within the last 24 h 

 
Physical examinations 
 
 

 
Anthropometry (height, weight, waist- and hip 
circumference, skinfold measurements), blood 
pressure, heart rate, blood withdrawal, bone 
density 

 
1 The returned and completed questionnaires were read by optical scanning at the examination centre and 
  immediately checked for reading errors and missing information by a computer program. All unclear 
  information were immediately clarified with the participant via a PC-guided menu-controlled interview. 
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2.1.4 Dietary assessment with the semi-quantitative food frequency 

questionnaire 

To assess the habitual dietary behaviour of the participants, daily intake of several food 

groups (in g/day) were calculated based on data of the self-administered semi-quantitative 

food-frequency questionnaire (FFQ) at baseline.  

The baseline FFQ inquired about the frequency of intake and portion sizes of 148 food 

items consumed during the preceding twelve months. The frequency scale ranged from 

“never” to “five times a day” and portion sizes were estimated using photographs of 

portion sizes or standardized household measures (e.g. one teaspoon, one piece, or one 

cup). Respondents had to select their relative portion sizes by either assigning their 

average portion size to half, the same, the double, or three times of an amount shown, or 

to choose absolute portion sizes out of three pictures visualising small, medium, or large 

servings of foods or dishes. An exemplary page of the baseline FFQ is shown in the 

appendix (Figure 14). Actual serving sizes were derived from a representative national 

nutrition survey (Nationale Verzehrsstudie). Additional questions concerning fat content of 

dairy products or types of fat used for food preparation as well as intake of supplements 

were included. Daily intakes of foods or beverages were calculated by multiplying 

frequencies per day and portion size (see also [77]). 

Foods incorporated in the FFQ were divided into 17 groups according to their nutrient 

composition based on EPIC-SOFT codes. EPIC–SOFT is a standardized computer 

software used in all EPIC centres when implementing 24-hour dietary recalls that 

automatically assigns codes to each consumed food [78]. This approach has the 

advantage that food groups generated by EPIC-SOFT can be used in every EPIC centre.  

Information on the amount of nutrients and caloric content of the consumed food were 

taken from the German Federal Food Code (Bundeslebensmittelschlüssel, BLS) 

version II.3. The BLS is a data base containing analysed and calculated values of food 

ingredients that is used as a standard instrument in the analysis of nutritional data in the 

Federal Republic of Germany [79].  

Details about reliability (i.e. reproducibility) and validity of the FFQ have been published 

previously [80-83]. Briefly, repeated administration of the FFQ to a subset of participants 

after 6 months were used to assess reproducibility. Spearman test-retest correlation 

coefficients ranged from 0.49 (bread) to 0.89 (alcoholic beverages) and had a median 

value of 0.70. To investigate validity, food intake estimated by the FFQ was compared to 

the mean of twelve repeated 24-hour dietary recalls administered at monthly intervals in 

the same subset of individuals. The median spearman correlation coefficient amounted to 

0.45 with a range from 0.14 (legumes) to 0.90 (alcoholic beverages) [82]. 
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2.1.5 Identification and verification of incident chronic diseases during 

follow-up 

Information on occurrence of incident chronic diseases (i.e. cardiovascular diseases 

(myocardial infarction and stroke), type 2 diabetes, and cancer) were obtained from 

self-reports in follow-up questionnaires asking for new medical diagnoses, medications, or 

reasons for a reported change in diet. Thereby, high response rates, validity and 

completeness of the follow-up data were achieved by reminder services, tracing of 

non-responders, and computer programs controlling the data for completeness or 

implausible values [76]. 

In the first follow-up questionnaire, participants were asked whether a certain disease had 

been ever diagnosed and the age of diagnosis to identify cases of disease. In the 

following follow-up questionnaires, participants were asked directly whether a disease 

occurred after the last visit in the study centre to assure that the case is incident (see 

Figure 4). Not only the kind and date of diagnosis but also the postal address of the 

treating physician or hospital was determined because this information is important for 

verification of self-reported diseases. In addition, participants were asked about 

medication usage, i.e. name and dosage of drugs, in the preceding four weeks and 

reasons for a reported change in diet to obtain further information about their health 

status. 

 

 

 

Figure 4 Assessment of incident diseases in the third follow-up questionnaire 

(taking diabetes as an example)  

 

To verify self-reports on incident diseases, the treating physicians or hospitals were 

contacted with a standard inquiry form to confirm the diagnosis. Therefore, physicians 

were asked to provide detailed information on the type, date, and means of confirmation 

of the diagnosis as well as the treatment.  
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Exemplary inquiry forms to verify the major chronic diseases of interest—namely diabetes, 

myocardial infarction, stroke, and cancer—are shown in the appendix (Figure 15-Figure 

18). In addition, also data from the local cancer registry as well as death certificates from 

local health offices and the state office of statistics of Brandenburg were used to verify 

incident chronic diseases. Taken together, all these supplementary sources of rather 

objective information on disease occurrence contribute to a high data quality of outcome 

ascertainment [76].  

Incident diseases were coded based on the International Classification of Diseases 

(ICD-10 codes: I21 for myocardial infarction, I60, I61, I63, I64 for stroke, E11 for type 2 

diabetes, and C00-97 for cancer (except C44: non-melanoma skin cancer).  
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2.1.6 Study population and design 

For the present thesis data from the EPIC-Potsdam study were used (see 2.1.2-2.1.5). 

The analysis is prospective in nature and is based on information about usual dietary 

intake of the baseline FFQ and occurrence of chronic diseases, namely cardiovascular 

diseases, type 2 diabetes, and cancer, from the follow-up questionnaires. From the 

27 548 participants, that were initially included into the EPIC-Potsdam study, those who 

already suffered from any of the above mentioned chronic diseases at baseline were 

excluded. In doing so, it was assured that there is a temporal relationship between dietary 

habits that comes first and subsequent incident chronic diseases. Furthermore, persons 

with missing follow-up time or withheld information on exposure (diet) and relevant 

covariates considered in the analysis (e.g. lifestyle, anthropometry, socio-demographic 

variables), and those who reported an implausibly high or low energy intake (<800 or 

>6000 kcal/day; equates to about <3350 and >25 120 kJ/day, respectively) were 

excluded. Thus, 23 531 participants (14 433 women and 9098 men) remained for the 

analyses (Figure 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Description of study population 

N = 27 548 participants of EPIC-Potsdam 

Exclusion of 3130 persons with prevalent chronic diseases (type 2 diabetes, stroke, 
myocardial infarction, or cancer): 

N = 24 418 

Exclusion of 589 persons without information on follow-up time: 
N = 23 829 

Exclusion of 207 persons with missing information about exposure and covariates;  
Further exclusion of 91 persons with implausible data on energy intake: 

N = 23 531 
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2.2 Methods 

2.2.1 Evaluating adherence to German food-based dietary guidelines 

by means of an Healthy Eating Index 

To evaluate the compliance of actual food intake with German food recommendations, a 

diet quality index was developed in orientation to the US-Healthy Eating Index [50].  

In the following, the construction of the Healthy Eating Index (HEI) that is based on 

recommendations of the Food Pyramid issued by the German Agency for Consumer 

Information (AID) is described1. This index, denoted as HEI-AID in the following, is based 

on eight food groups for which the AID-Food Pyramid gives recommended intakes [3]: 

non-alcoholic beverages, vegetables, fruits, cereal products (including bread and side 

dishes like pasta, rice, and potatoes), dairy products (milk, yoghurt, cheese), 

meat/sausage/fish/eggs, added fat/oil, and sweets/snacks. Alcohol was not incorporated 

into the HEI-AID because alcohol is regarded as a lifestyle factor rather than an essential 

and recommendable component of human nutrition. Therefore, alcohol was considered as 

a covariate in the multivariate analyses.  

Mixed dishes (e.g. pizza or casserole) were disaggregated into their ingredients based on 

the EPIC-Soft program [84], a standardized dietary assessment tool used within EPIC 

when implementing 24-hour dietary recalls, and single components were than assigned to 

the appropriate food groups. A description of assignment of single FFQ items to the 

respective food groups is shown in the appendix (see Table 20).  

The actual frequency of consumed servings per day was calculated by dividing the total 

amount of food group intake estimated by the FFQ by the serving size suggested in the 

AID-Food Pyramid (see appendix, Table 17). The AID recommendations about number 

and size of servings for each food group are based on the reference energy intake of the 

average adult population aged 25-51 years with a Physical Activity Level (PAL) of 1.4. 

This corresponds to an energy intake of 1900 kcal (~7955 kJ) for women and 2400 kcal 

(equates to ~10 050 kJ) for men [85]. Furthermore, the recommended number of servings 

per day was adapted to the individual energy requirement of the participants by 

multiplying the original recommended number of servings by the ratio of individual energy 

requirement (in kcal) to either 1900 kcal (women) or 2400 kcal (men). The individual 

energy requirement was calculated as the product of basal metabolic rate and PAL.  

                                                
1 Please note: The development and algorithm of the Healthy Eating Index-AID score have also been 
  published by the author in Eur J Clin Nutr 2010; 64(11):1251-9. 
  Within the manuscript published in the European Journal of Clinical Nutrition the term “German Food 
  Pyramid Index” was used. In the present thesis, the term “Healthy Eating Index-AID” is used as a synonym to 
  underline the fact that the same scoring algorithm as for the “Health Eating Index-DGE” was used. 
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The basal metabolic rate was estimated with sex- and age-specific equations proposed by 

Schofield that consider weight and height [86]. The PAL is defined as the average daily 

energy expenditure for physical activity and specified as the multiple of basal metabolic 

rate. To calculate the average PAL of a person, the time spent on specific activities (e.g. 

everyday activities, sports, or occupational activity), which was assessed at baseline [87], 

was multiplied with the respective metabolic equivalent values from the literature [88]. One 

metabolic equivalent is defined as the energy expenditure for sitting quietly, which on 

average is approximately 1 kcal per kilogram body weight per hour [88]. 

Finally, the HEI-AID score was calculated by dividing the actual consumed servings by the 

recommended servings. The HEI-AID has eight components representing the eight major 

food groups of the food pyramid. For each component the score could range between 0 

and 10 following the degree of adherence to recommended food intake. A score of zero 

was assigned to non-consumers of the respective food group whereas perfect compliance 

with dietary recommendations was valuated with a score of 10. 

When calculating component scores, it was distinguished between foods that are high or 

low in energy density as well as foods whose recommendations refer to a minimum or 

maximum amount of intake. 

For the HEI-AID components “beverages”, “fruits”, and “vegetables” scores were 

calculated by using the following equation: 

 

Equation 1: 10
/

/
×=

dayservingsdrecommende

dayservingsconsumed
Score  

 
Thus, 0-10 points were assigned proportional to increasing intake. For these three food 

groups we allowed up to 10 extra points according to Equation 1 if recommended intake 

is exceeded to account for potential health-benefits of intake beyond the 

recommendations. In doing so, it was taken into account that especially fruits and 

vegetables are low in energy and have a high nutrient density and that the recommended 

amount of intake refers to a minimum, hence a higher intake is desirable. 

 

The component scores of “cereal products”, “dairy products”, “meat/sausage/fish/eggs”, 

and “fat/oil” were also calculated based on Equation 1. An intake above the 

recommended level, however, resulted in a proportional deduction of points using 

Equation 2 since over-consumption of these energy-rich foods may easily lead to a 

positive energy balance and weight gain. 

 

Equation 2: 10
/

/
×=

dayservingsconsumed

dayservingsdrecommende
Score  
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For the “sweets and snacks” category a maximum score of 10 was assigned if intake was 

below the recommended level because the recommended intake refers to an upper limit, 

i.e. a lower intake of these foods is desirable. An intake above this upper recommended 

intake results in a proportional deduction of points according to Equation 2 since 

over-consumption of these energy-rich foods can easily lead to a positive energy balance. 

 

Finally, the component scores were summed up to obtain a total score, which could range 

from 0-110 (80 points plus 30 extra points). Thus, higher score values reflect greater 

adherence to the recommendations of the AID-Food Pyramid. 

 

A graphical summary of the evaluation of different food groups within the HEI-AID is 

shown below (Figure 6). 

 

HEI-AID component Visualisation of scoring criteria 

 
(1)   Beverages 
(2)   Vegetables 
(3)   Fruits 

 
 
(4)   Cereal products  
(5)   Dairy products 
(6)   Meat/sausage/fish/egg 
(7)   Fat and oil 
 

 

 
(8)   Sweets and snacks 
 
 
 
 
 
 
 
 

 

 

Figure 6 Graphical illustration of the evaluation of different food groups within the 

Healthy Eating Index-AID 
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In addition to the HEI-AID, a Healthy Eating Index that is based on the recommendations 

of the German DGE-Nutrition Circle (HEI-DGE) was calculated. The recommendations of 

the DGE-Nutrition Circle (see appendix, Table 18) are valid for a reference energy intake 

that is ranging from 1600 kcal/day, which equates to ~6700 kJ (women, ≥65 years, 

PAL 1.4) to 2400 kcal/day or ~10 050 kJ, respectively (men, 25-51 years, PAL 1.4). This 

means that for food recommendations the lower intake limit refers to an energy 

requirement of 1600 kcal/d whereas the upper intake limit is valid for 2400 kcal/d. The 

recommended intake range was additionally adapted to individual energy requirement 

(calculated as the product of the basal metabolic rate and PAL) based on the rule of 

proportion: 

 

( )kcaltrequiremenenergy
kcalkcal

takeintakein
takeintakeinecommendedR i

LLUL

LLi 1600
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i individual 
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UL Upper Limit of the food intake recommendation by the DGE 
 

These individually adapted recommendations were compared with the actual food intake 

to calculate the HEI-DGE. Thereby, the HEI-DGE score component reflects the food 

groups of the DGE-Nutrition Circle. The algorithm for calculation of the HEI-DGE [89]1 was 

analogous with that of the HEI-AID [77], as previously described, with the difference that 

food group intake was considered in grams per day instead of servings per day. Thus, the 

respective equations were: 

Equation 1: 10
)(

)(
×=

daygtakeindrecommende

daygtakeinactual
Score  

 

Equation 2: 10
)(

)(
×=

daygtakeinactual

daygtakeindrecommende
Score  

 

Furthermore, some components of the DGE-Nutrition Circle differ from the AID-Food 

Pyramid. Specifically, fish, meat, and eggs as well as fat and oils are disaggregated that 

means separate recommendations for these foods are given in the DGE-Nutrition Circle 

whereas these foods are combined to one major group in the AID-Food Pyramid. 

Consequently, it was possible to evaluate these groups differently according to their 

nutritional value and known health effects. Furthermore, sweets/snacks are not addressed 

in the recommendations of the Nutrition Circle.  

                                                
1 Please note: The algorithm of the HEI-DGE calculation has also been described by the author in: 
   Ernährungs-Umschau. 2011. 58(5): p.242-249. 
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The resulting HEI-DGE is composed of ten components with a score ranging from 0 to 10: 

beverages, vegetables, fruits, cereal products, dairy products, meat/sausage, fish, eggs, 

added fat, and oil. The evaluation of the different food groups considered within the 

HEI-DGE is presented in Figure 7 below. In brief, a higher intake of beneficial food groups 

was evaluated with a proportionally increasing score (extra points possible for beverages, 

vegetables, and fruits). Conversely, for energy-rich or less desirable foods a higher than 

recommended intake was penalised with a proportional deduction of points. 

 

Finally, the scores of the single components were summed to obtain the total HEI-DGE, 

which could range from 0-130 (100 plus 30 extra points). A higher adherence to 

recommendations of the DGE-Nutrition Circle is reflected in a higher score value. 

 

HEI-DGE component Visualisation of scoring criteria 

 
(1)   Beverages 
(2)   Vegetables 
(3)   Fruits 

 

 
(4)   Cereal products*  
(5)   Dairy products* 
(6)   Fish 
(7)   Oil 
 

 

 
(8)   Meat and sausage 
(9)   Eggs 
(10) Fat 
 
 
 
 
 
 

 

 

Figure 7 Graphical illustration of the evaluation of different food groups within the 

Healthy Eating Index-DGE 

 
*Since dairy and cereal products consist of two sub-groups (dairy: milk/yoghurt and cheese; cereals: 
bread/cereal flakes and side dishes), the score for each sub-group was calculated separately (maximum 
5 points) and summed to obtain the total score for dairy and cereal products, respectively. 
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2.2.2 Statistical analyses to evaluate German food-based dietary 

guidelines concerning their potential of chronic disease 

prevention 

Adherence to FBDG of the German AID-Food Pyramid or the DGE-Nutrition Circle, which 

was measured by means of the HEI-AID or HEI-DGE score (see 2.2.1), was considered 

as the main exposure variable. Participants were ranked according to their HEI-AID or 

HEI-DGE scores and divided into five groups of equal size (quintiles). Baseline diet and 

lifestyle characteristics across the HEI-AID/HEI-DGE quintiles were presented as 

arithmetic means and standard deviations (for continuous variables) or percentages (for 

categorical variables). 

The risk of developing a chronic disease was analysed by means of Cox proportional 

hazard regression analyses [90]. Therefore, age- and multivariable-adjusted Hazard 

Ratios (HR) and 95% Confidence Intervals (CI) were calculated across quintiles using the 

first HEI-AID or HEI-DGE score quintile, i.e. persons with the lowest adherence to German 

FBDG, as the reference group. Furthermore, the relative risk of chronic diseases per 

10-points-increment in the overall HEI-AID or HEI-DGE score was calculated. 

The outcome of interest was defined as the first incident chronic disease – i.e. type 2 

diabetes, myocardial infarction, stroke or cancer. Additional events at a later date were not 

considered. The dependent time-variable was defined as time period between the age of 

recruitment and the age of exit (age of diagnoses, death, or censoring1). To be less 

sensitive against violation of the proportional hazards assumption, all models were 

stratified by age (in years)2. To consider relevant covariates and potential confounders, 

the analyses were adjusted for smoking status (non-smoker, former smoker, and never 

smoker), alcohol intake (g/day), leisure-time physical activity (hours/week), BMI (kg/m2), 

history of high blood lipid levels or hypertension at baseline (yes/no), education 

(vocational training or lower degree vs. trade school, technical school, or university 

degree), vitamin supplementation, and total energy intake (kJ/day). The covariates were 

defined on a priori knowledge of main risk factors for the investigated outcomes. In 

general, the same covariate-set was integrated in each model, except of history of high 

blood lipid levels and hypertension that were not included in the models for cancer. 

Furthermore, the p for trend across the HEI-AID/HEI-DGE quintiles was calculated by 

including the median value of each quintile into the Cox regression models.  

                                                
1 If no disease occurred, the follow-up period ended in April 2007. 
2 Age was considered by the strata-statement in the SAS ‘proc phreg’ code because the proportional hazard 
  assumption might be not realistic for all age groups that means that hazard curves could differ between 
  persons of different ages (also as a consequence of differing times of exposure in different age groups). 
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In addition, interactions of the HEI-AID/HEI-DGE with sex, smoking (never, past, current), 

age (<60 years vs. ≥60 years), and BMI (<18.5, 18.5-24.9, 25-29.9, 30-34.9, >35 kg/m) 

were evaluated using likelihood ratio tests.  

Moreover, to get a hint which of the single food groups that are included into the German 

FBDG may have the strongest potential of chronic disease prevention, it was furthermore 

examined how a 5-point increase in the single HEI-AID and HEI-DGE score components 

is related to risk of chronic diseases. Therefore, each score component was entered 

individually as well as mutually adjusted into the Cox regression model with adjustment for 

the covariate-set mentioned before.  

The p values presented are based on two-sided tests and a significance level of 5% was 

applied. All statistical analyses were performed with SAS software 9.2 (SAS Institute Inc., 

Cary, NC, USA). 

 

2.2.3 Statistical analyses of single food groups in relation to chronic 

disease risk 

To obtain a closer insight into foods that might have the strongest potential of preventing 

the most important chronic diseases (i.e. CVD, type 2 diabetes, or cancer), a set of 

45 more specific food groups (see appendix, Table 21) was analysed by multivariable-

adjusted Cox proportional hazard regression [90]. The dependent time-variable was 

defined analogous to precedent analyses as the time period between the age of 

recruitment and the age of exit (age of diagnoses, death, or censoring). Food groups were 

modelled continuously (in servings per day). Therefore, the respective serving size was 

defined according to the portion sizes used in the self-administered baseline FFQ for most 

food groups, or observed intake for foods that were consumed in smaller daily servings as 

given in the FFQ (e.g. meat, mushrooms, pizza, or nuts). Furthermore, the same portion 

sizes were defined for subtypes of major groups, like for instance subgroups of side 

dishes (pasta/rice and potatoes), fruits, vegetables, fat and oil, meat (meat, processed 

meat, poultry, fish), and sweets (cakes/cookies, confectionary, desserts) to improve the 

comparability of the risk estimates between these subgroups. 

In addition, the 45 food groups were modelled in categories (quintiles, if applicable) to 

identify nonlinear or U-shaped associations and to adequately analyse foods with a high 

proportion of non-consumers (e.g. de-caffeinated coffee, low-energy soft drinks). For food 

groups with a high amount of non-consumers1 (or with a very low variation in intake2, e.g. 

nuts) less than five quantiles were created (i.e. quartiles, tertiles, or just a binary variable 
                                                
1 Proportion of non-consumers is presented in Table 24 (see appendix) for all 45 food groups. 
2 Intake distribution of 45 food groups can be inferred from Table 22 (men) and Table 23 (women) in the 
  appendix. 
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(consumption vs. non-consumption)) depending on the amount of non-consumers1. 

Sex-specific cut-offs were used to define categories to consider sex-specific differences of 

intake distribution of food groups. Participants in the lowest intake category were 

considered as the reference group. The trend across intake categories (quintiles, 

quartiles, or tertiles) was calculated by including the median value of each category as 

continuous variable into the Cox regression models. 

 

All models were stratified by age in years (STRATA statement in the SAS code ‘proc 

phreg’) and adjusted for sex, smoking status, alcohol intake, waist-hip-ratio, BMI, 

leisure-time physical activity, education, intake of vitamin supplements, and total energy 

intake. Furthermore, models with CVD and type 2 diabetes as the considered outcome 

were additionally adjusted for prevalent hypertension and history of high blood lipid levels. 

Moreover, continuous food variables were further adjusted for non-consumer status to 

take into account that non-consumers of certain foods might differ from the rest of the 

cohort especially with respect to perceived health. 

Besides, a second model was tested which was additionally adjusted for intake of further 

food groups to consider the potential effect of underlying food patterns. Therefore, intake 

of fresh fruit, raw vegetables, red meat, and whole-grain bread (in servings per day) were 

used as covariates because these foods were consistently found in previous analyses 

including this dataset to be associated with risk of different kinds of non-infectious chronic 

diseases [35, 36, 38, 91-97].  

 

Additionally, interactions of the single food groups (in servings per day) with sex were 

evaluated using likelihood-ratio tests and a significance level of 5% was applied. 

 

All analyses were performed with SAS software 9.2 (SAS Institute Inc., Cary, NC, USA). 

 

                                                
1 Binary variables were created for foods with a proportion of non-consumers ≥50%:  
  namely, grain flakes/muesli, cornflakes/crisps, vegetarian dishes, garlic, low-fat cheese, de-caffeinated 
  coffee, low- and high-energy soft drinks, and other fat. 
  Tertiles were created for foods with a proportion of non-consumers about 30%: namely, low-fat dairy. 
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2.2.4 Derivation and evaluation of suggestions for improved food-

based dietary guidelines 

The investigation of single food groups (see section 2.2.3) can help to identify candidate 

foods that are independently related to incidence of major chronic diseases. 

Subsequently, these candidate foods can be used to derive suggestions for refinement of 

the current food-based dietary guidelines (FBDG) with respect to chronic disease 

prevention. 

 

To derive reasonable dietary recommendations, it is important that the considered food 

groups show a dose-response relationship with risk of overall chronic diseases instead of 

just one single endpoint since the aim of dietary advices is to promote general good 

health. In addition, our results are compared to those of other studies to find out whether 

our findings are supported by previous evidence as a kind of external validation. This can 

help to avoid overvaluation of chance findings due to multiple testing that are restricted to 

this specific data set.  

After promising food groups for chronic disease prevention have been identified 

suggestions for improvement of current FDBG can be made by focussing on these food 

groups that are shown to be related to disease risk. 

Thresholds for intake of such preventive foods will be derived in orientation to the food 

intake quantities recommended by the German Nutrition Society, e.g. by advising that at 

least 50% of the recommended cereal intake should be whole-grain. This ensures that 

optimised food recommendations will be within the constraints of reference values for 

energy and nutrient intake.  

Finally, the improved food recommendations can be incorporated into an optimised 

Healthy Eating Index1 which in turn can be investigated concerning its relation with chronic 

disease risk, similarly as the HEI-AID and HEI-DGE. In doing so, the advance of the 

optimised food recommendations compared to current FBDG can be evaluated 

concerning overall chronic disease prevention. 

 

 

 

                                                
1 Specific suggestions for improved FBDG as well as the scoring criteria for the optimised Healthy Eating 
  Index are described in the results section (chapter 3.3.1) to avoid forestalling of the results concerning 
  candidate foods that are independently related to chronic diseases. 
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3 Results 

In the following chapter the associations between adherence to national FBDG and 

occurrence of major chronic diseases (CVD, type 2 diabetes, and cancer) are described. 

Furthermore, the association of 45 single food groups with major chronic disease risk was 

investigated to derive suggestions for improvement of the current dietary 

recommendations.  

For the present analyses, participants had been followed up for about 8 years (mean: 

7.8 years, median: 8.2 years; 183 740 person-years). During the follow-up period, 

363 incident cases of CVD, 837 cases of type 2 diabetes, and 844 cancer cases were 

observed and verified as first events. 

 

3.1 Evaluation of German food-based dietary guidelines 

concerning their potential of chronic disease prevention 

3.1.1 Adherence to recommendations of the AID-Food Pyramid 

(measured with the HEI-AID) and risk of chronic diseases1 

The HEI-AID score was normally distributed with a range from 23.5 to 92.1 points and an 

overall mean of 51.1 points (49.2 in men, 52.7 in women) in the present study population 

(Figure 8). Participants with higher HEI-AID scores, which reflected a higher adherence to 

recommendations of the AID-Food Pyramid, tended to be slightly older and higher 

educated, had a lower BMI, were less likely to smoke, and more likely to take vitamin 

supplements than those with lower scores (Table 3). Unexpectedly, participants with 

higher HEI-AID sores more often reported to have a history of hypertension or self-

reported high blood lipid levels. In general, the intake of food groups contributing to the 

HEI-AID changed in the expected direction, i.e. the intake of beneficial foods increased 

whereas the consumption of less beneficial foods decreased across the quintiles of the 

HEI-AID. Conversely, the intake of added fats and oils remained relatively stable with 

increasing HEI-AID scores. The findings were quite similar between men and women, 

except for the intake of meat, sausages, fish and eggs, for which it was observed that men 

consumed on average about one serving per day more than women. Furthermore, alcohol 

intake decreased across quintiles in men but not in women. 

                                                
1 Please note: The results presented here have also been published by the author in Eur J Clin Nutr 2010; 
  64(11):1251-9. 
  Within the manuscript published in the European Journal of Clinical Nutrition the term “German Food 
  Pyramid Index” was used. In the present thesis, the term “Healthy Eating Index-AID” is used as a synonym to 
  underline the fact that the same scoring algorithm as for the “Health Eating Index-DGE” was used. 



Results   34 

When comparing participants in the highest with those in the lowest HEI-AID quintile, the 

age-adjusted Hazard Ratios (HRs) of major chronic disease (CVD, type 2 diabetes, and 

cancer combined) were 0.77 (95% CI: 0.63-0.95, p trend = 0.01) for men and 0.80 

(95% CI: 0.65-0.99, p trend = 0.06) for women (Table 4 and Table 5). Adjustment for 

additional risk factors, especially BMI, outweighed these associations (men: HR for the top 

vs. bottom quintile = 0.93, 95% CI: 0.75-1.15, p trend = 0.47; women: HR = 0.95, 95% CI: 

0.76-1.18, p trend = 0.72). The corresponding multivariable-adjusted HR for major chronic 

diseases per 10-point increment of the HEI-AID was 0.95 (95% CI: 0.88-1.03) for men and 

1.00 (95% CI: 0.92-1.09) for women. Gender significantly modified the association 

between the HEI-AID score and risk of CVD (p for interaction = 0.01) and cancer 

(p for interaction = 0.04). Therefore, all analyses were stratified by sex. 

Concerning specific disease outcomes, a strong inverse relationship between the HEI-AID 

score and risk of CVD was observed in men but not in women. This significant inverse 

association in men persisted after controlling for further risk factors; men in the highest 

HEI-AID quintile had a 44% lower risk of CVD compared to those in the lowest quintile 

(HR = 0.56, 95% CI: 0.34-0.94, p trend = 0.03). A 10-point increase in the HEI-AID was 

associated with a 20% decreased risk of CVD. On the contrary, in women neither in 

quintiles nor per 10-point increment of the total score the HEI-AID was related to the risk 

of CVD. The non-significant association in women was independent of postmenopausal 

status and hormone use (results not shown).  

In both sexes, HEI-AID scores were inversely related to risk of type 2 diabetes in age-

adjusted models (men: HR for top vs. bottom quintile = 0.71, 95% CI: 0.52-0.97, 

p trend = 0.01; women: HR = 0.69, 95% CI: 0.50-0.96, p trend = 0.04). After adjustment 

for further risk factors, particularly BMI, these associations disappeared (men: HR = 0.94, 

95% CI: 0.69-1.30, p trend = 0.63; women: HR = 1.09, 95% CI: 0.77-1.54, p trend = 0.58). 

The observations made across HEI-AID quintiles were confirmed by the results for the 

continuous score variable.  

For cancer, no associations at all could be identified across quintiles of the HEI-AID as 

well as per 10-point increment in the HEI-AID score. 

 

Finally, the association of a 5-point increase in the individual HEI-AID components with 

risk of overall major chronic disease was investigated (Table 6). No single component 

was significantly related to disease risk, except the “sweets and snacks” component 

(HR = 1.16, 95% CI: 1.04-1.30), which was persistent even after adjustment for the other 

HEI-AID components. This implies that, contrary to expectations, participants with a lower 

intake of sweets and snacks were at higher risk of major chronic disease. Stratification by 

sex confirmed the significant relation of the “sweets and snacks” component with chronic 
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disease risk for women (HR = 1.25; 95% CI: 1.05-1.48) but not for men. Further 

stratification by specific disease outcome and level of BMI-categories showed that the 

association between intake of sweets and disease risk was confined to overweight and 

obese women and the risk of type 2 diabetes (BMI: 25.0-29.9 kg/m2: HR = 1.68; 95% CI: 

1.04-2.71; BMI: 30-34.9 kg/m2: HR = 2.33; 95% CI: 1.33-4.07). 

 

 

 

Figure 8 Histogram of the HEI-AID score 
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Table 3 Baseline (1994-1998) diet and lifestyle characteristics and risk factors by HEI-AID quintiles for 9098 men and 

14 433 women of the EPIC-Potsdam study [77] 

 HEI-AID quintile (men) HEI-AID quintile (women) 

 1 3 5 1 3 5 
 41.2 (23.5-44.6)4 51.1 (49.1-53.1) 62.0 (58.0-92.1) 41.2 (23.5-44.6)4 51.1 (49.1-53.1) 62.0 (58.0-92.1) 
 
Age (y)1 

 
50.1 ± 7.6 

 
51.3 ± 8.0 

 
53.2 ± 8.3 

 
46.5 ± 8.8 

 
47.7 ± 9.0 

 
49.7 ± 9.6 

Technical school, technical college, or 
university degree (%) 

56.4 72.0 74.8 51.8 61.7 61.9 

BMI (kg/m2)1 27.3 ± 3.8 26.7 ± 3.5 26.3 ± 3.2 26.4 ± 5.2 25.5 ± 4.4 25.2 ± 4.1 
WHR1   0.9 ± 0.1   0.9 ± 0.1   0.9 ± 0.1   0.8 ± 0.1   0.8 ± 0.1   0.8 ± 0.1 
Leisure-time physical activity2 (h/week)1 10.6 ± 8.1 10.3 ± 7.2 10.2 ± 7.6 11.3 ± 7.9 10.7 ± 6.7 10.9 ± 6.7 
Current smoker (%) 30.2 24.0 19.9 23.2 17.8 14.6 
Current vitamin user (%) 12.2 15.5 19.6 14.8 18.4 21.7 
History of high blood lipids (%) 31.7 29.8 35.4 19.5 22.0 24.4 
History of hypertension (%) 32.6 32.7 36.0 28.6 27.8 29.6 
       
Diet contributors to the HEI-AID score       
  Beverages (servings/d)1 3.3 ± 1.6 4.4 ± 1.9 6.1 ± 2.8 3.4 ± 1.5 4.4 ± 1.9 6.4 ± 3.0 
  Vegetables (servings/d)1 0.8 ± 0.3 1.0 ± 0.4 1.2 ± 0.6 0.8 ± 0.3 1.0 ± 0.4 1.3 ± 0.6 
  Fruits3 (servings/d)1 1.3 ± 0.6 2.0 ± 0.7 2.8 ± 1.1 1.4 ± 0.6 2.0 ± 0.7 2.9 ± 1.0 
  Cereals (servings/d)1 2.7 ± 1.0 3.2 ± 1.0 3.3 ± 0.9 2.4 ± 0.9 2.9 ± 0.9 3.1 ± 0.9 
  Dairy products (servings/d)1 1.9 ± 1.6 2.6 ± 1.4 2.8 ± 1.3 1.9 ± 1.5 2.4 ± 1.3 2.9 ± 1.4 
  Meat, sausages, fish, eggs (servings/d)1 4.0 ± 2.2 3.6 ± 2.0 3.1 ± 1.8 2.7 ± 1.6 2.5 ± 1.2 2.2 ± 1.3 
  Added fat, oil (servings/d)1 2.5 ± 1.3 2.6 ± 1.0 2.4 ± 1.1 2.2 ± 1.3 2.3 ± 1.1 2.3 ± 1.0 
  Sweets, snacks (servings/d)1 1.6 ± 1.3 1.4 ± 1.0 1.2 ± 0.9 1.8 ± 1.6 1.4 ± 1.1 1.2 ± 0.9 
       
Other diet components       
  Alcohol intake (g/d)1 27.1 ± 25.8  22.0 ± 19.9  17.8 ± 17.6 8.4 ± 10.7  8.8 ± 10.4 8.7 ± 11.7 
  Total energy intake (kJ/d)1   9976.9 ± 3187.2 10 395.0 ± 2681.9 10 461.7 ± 2552.3  7460.5 ± 2731.0 7914.7 ± 2247.3  8439.1 ± 2213.5 
 
1 Mean ± standard deviation. 
2 Including walking, cycling and sports. 
3 Including juices (up to 100 g/d). 
4 Median with range in parentheses. 
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Table 4 Adherence to recommendations of the AID-Food Pyramid (measured by the HEI-AID) and risk of cardiovascular 

diseases (CVD), type 2 diabetes, and cancer among 9098 men enrolled in the EPIC-Potsdam study (1994-2007) (modified 

from [77]) 

 HEI-AID quintiles 

 1 2 3 4 5 p Trend1 
10-point increase 

of the HEI-AID  
Major chronic disease2        
   Cases, n / person-years  314 / 19 707 243 / 15 611 211 / 13 287 190 / 12 290 140 / 8867   
   Age-adjusted HR 1.0  0.93 (0.79-1.10)3 0.90 (0.76-1.08) 0.82 (0.69-0.99) 0.77 (0.63-0.95) 0.005 0.87 (0.81-0.94) 
   Multivariable-adjusted HR4 1.0 1.02 (0.86-1.21) 1.01 (0.84-1.21) 0.97 (0.80-1.17) 0.93 (0.75-1.15) 0.468 0.95 (0.88-1.03) 
CVD5        
   Cases, n / person-years   71 / 19 707  55 / 15 611  37 / 13 287  39 / 12 290  20 / 8867   
   Age-adjusted HR 1.0 0.96 (0.68-1.37) 0.71 (0.48-1.06) 0.75 (0.51-1.11) 0.48 (0.29-0.79) 0.002 0.74 (0.63-0.88) 
   Multivariable-adjusted HR4 1.0 1.03 (0.72-1.47) 0.78 (0.52-1.17) 0.86 (0.57-1.29) 0.56 (0.34-0.94) 0.026 0.80 (0.67-0.96) 
Type 2 diabetes        
   Cases, n / person-years  154 / 19 707 103 / 15 611  89 / 13 287  78 / 12 290  58 / 8867   
   Age-adjusted HR 1.0 0.82 (0.64-1.06) 0.81 (0.62-1.05) 0.72 (0.55-0.95) 0.71 (0.52-0.97) 0.009 0.83 (0.74-0.93) 
   Multivariable-adjusted HR4 1.0 0.97 (0.75-1.25) 0.94 (0.72-1.23) 0.94 (0.71-1.25) 0.94 (0.69-1.30) 0.626 0.95 (0.84-1.07) 
Cancer        
   Cases, n / person-years   92 / 19 707  87 / 15 611  85 / 13 287  75 / 12 290  63 / 8867   
   Age-adjusted HR 1.0 1.09 (0.81-1.46) 1.17 (0.87-1.58) 1.05 (0.77-1.43) 1.09 (0.78-1.50) 0.664 1.01 (0.89-1.14) 
   Multivariable-adjusted HR6 1.0 1.12 (0.83-1.50) 1.22 (0.90-1.65) 1.10 (0.81-1.51) 1.16 (0.83-1.62) 0.402 1.03 (0.91-1.18) 
 
1 Test for trend over the quintiles by using the median value for each quintile. 
2 Major chronic diseases were defined as CVD, type 2 diabetes, or cancer, whichever occurred first. 
3 Hazard Ratios with 95% confidence intervals in parentheses. 
4 Stratified by age and adjusted for smoking status (non-smoker, former smoker, smoker), alcohol intake (g/d), leisure-time physical activity (h/week), BMI (kg/m2), history of  
  high blood lipid levels or hypertension at baseline (yes/no), education (vocational training or lower degree vs. trade school, technical school, or university degree), vitamin 
  supplementation, and total energy intake (kJ/d). 
5 CVD was defined as myocardial infarction and stroke. 
6 Model for cancer includes the same covariate-set as models for CVD or type 2 diabetes, except history of high blood lipid levels or hypertension at baseline (yes/no).
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Table 5 Adherence to recommendations of the AID-Food Pyramid (measured by the HEI-AID) and risk of cardiovascular 

diseases (CVD), type 2 diabetes, and cancer among 14 433 women enrolled in the EPIC-Potsdam study (1994-2007) 

(modified from [77]) 

 HEI-AID quintiles 

 1 2 3 4 5 p Trend1 
10-point increase 

of the HEI-AID 
Major chronic disease2        
   Cases, n / person-years  144 / 16 771 161 / 21 352 205 / 23 594 188 / 24 641 238 / 27 620   
   Age-adjusted HR 1.0  0.81 (0.65-1.01)3 0.94 (0.76-1.16) 0.78 (0.62-0.96) 0.80 (0.65-0.99) 0.059 0.94 (0.87-1.02) 
   Multivariable-adjusted HR4 1.0 0.88 (0.70-1.10) 1.05 (0.85-1.30) 0.88 (0.71-1.10) 0.95 (0.76-1.18) 0.721 1.00 (0.92-1.09) 
CVD5        
   Cases, n / person-years   15 / 16 771  25 / 21 352  25 / 23 594  33 / 24 641  43 / 27 620   
   Age-adjusted HR 1.0 1.19 (0.62-2.25) 1.07 (0.57-2.04) 1.32 (0.71-2.43) 1.37 (0.76-2.48) 0.245 1.15 (0.93-1.41) 
   Multivariable-adjusted HR4 1.0 1.20 (0.63-2.29) 1.10 (0.58-2.10) 1.33 (0.71-2.46) 1.39 (0.76-2.55) 0.244 1.15 (0.93-1.42) 
Type 2 diabetes        
   Cases, n / person-years   62 / 16 771  61 / 21 352  78 / 23 594  65 / 24 641  89 / 27 620   
   Age-adjusted HR 1.0 0.71 (0.50-1.02) 0.83 (0.59-1.16) 0.63 (0.44-0.89) 0.69 (0.50-0.96) 0.037 0.87 (0.76-0.99) 
   Multivariable-adjusted HR4 1.0 0.88 (0.62-1.27) 1.14 (0.81-1.60) 0.89 (0.62-1.28) 1.09 (0.77-1.54) 0.575 1.03 (0.90-1.18) 
Cancer        
   Cases, n / person-years   67 / 16 771  75 / 21 352 103 / 23 594  90 / 24 641 107 / 27 620   
   Age-adjusted HR 1.0 0.81 (0.59-1.13) 1.02 (0.75-1.38) 0.79 (0.58-1.09) 0.79 (0.58-1.07) 0.134 0.94 (0.88-1.06) 
   Multivariable-adjusted HR6 1.0 0.82 (0.59-1.15) 1.02 (0.75-1.40) 0.80 (0.58-1.10) 0.79 (0.58-1.08) 0.144 0.94 (0.83-1.06) 
 
1 Test for trend over the quintiles by using the median value for each quintile. 
2 Major chronic diseases were defined as CVD, type 2 diabetes, or cancer, whichever occurred first. 
3 Hazard Ratios with 95% confidence intervals in parentheses. 
4 Stratified by age and adjusted for smoking status (non-smoker, former smoker, smoker), alcohol intake (g/d), leisure-time physical activity (h/week), BMI (kg/m2), history of 
  high blood lipid levels or hypertension at baseline (yes/no), education (vocational training or lower degree vs. trade school, technical school, or university degree), vitamin 
  supplementation, and total energy intake (kJ/d). 
5 CVD was defined as myocardial infarction and stroke. 
6 Model for cancer includes the same covariate-set as models for CVD or type 2 diabetes, except history of high blood lipid levels or hypertension at baseline (yes/no). 
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Table 6 Association of a 5-point increase in the single HEI-AID components with risk of chronic diseases in 9098 men and 

14 433 women (CVD, type 2 diabetes, and cancer) (extended from [77])  

 
HEI-AID component Higher score reflects HR (95% CI)1 ββββ-coefficient1 HR (95% CI)2 ββββ-coefficient2 

Beverages Higher intake 0.97 (0.90-1.03) -0.03 0.97 (0.91-1.04) -0.03 
Vegetables Higher intake 0.90 (0.76-1.07) -0.10 0.90 (0.75-1.08) -0.10 
Fruits Higher intake 0.98 (0.92-1.03) -0.03 0.99 (0.93-1.05) -0.01 
Cereals Higher compliance with recommended intake3 1.00 (0.88-1.13)  0.00 0.98 (0.86-1.12) -0.02 
Dairy products Higher compliance with recommended intake3 0.98 (0.88-1.08) -0.02 0.98 (0.89-1.09) -0.02 
Meat, sausages, fish, eggs Higher compliance with recommended intake3 0.95 (0.84-1.07) -0.05 0.95 (0.83-1.07) -0.05 
Added fat, oil Higher compliance with recommended intake3 0.94 (0.84-1.06) -0.06 0.94 (0.84-1.06) -0.05 
Sweets, snacks Lower intake 1.16 (1.04-1.30)  0.15 1.17 (1.04-1.31)  0.15 
 
HR: Hazard Ratios, CI: Confidence Intervals 
 
1 Each component of the HEI-AID was entered into the model individually, stratified by age, and adjusted for sex, smoking status, alcohol intake, leisure-time physical 
  activity, BMI, history of high blood lipid levels or hypertension at baseline, education, vitamin supplementation, and total energy intake.  
2 Risk estimates were computed by the same model but the single HEI-AID components were mutually adjusted. 
3 Too low as well as too high intakes resulted in a deduction of points. 
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3.1.2 Adherence to recommendations of the DGE-Nutrition Circle 

(measured with the HEI-DGE) and risk of chronic diseases1 

The HEI-DGE score was normally distributed with a range from 28.6 to 103.7 points and a 

mean of 64.3 points (see Figure 9). As expected, persons with higher HEI-DGE scores 

(= higher compliance to recommendations of the DGE-Nutrition Circle) were characterised 

by a higher level of education and a healthier lifestyle (smaller proportion of smokers, 

increased leisure-time physical activity). Though, a higher proportion of persons reporting 

a history of hypertension or high blood lipid levels were found in the highest HEI-DGE 

quintile. Furthermore, participants with higher HEI-DGE scores showed a higher intake of 

beverages, fruits, vegetables, cereals, dairy products, fish, and oil, and a lower intake of 

meat and sausage, eggs, and fat. The trends across quintiles were similar for men and 

women, except from BMI and alcohol intake which tends to decrease with increasing 

HEI-DGE scores in men but not in women (Table 7).  

 

As there was a significant interaction of the HEI-DGE score with sex concerning the risk of 

CVD (p for interaction = 0.01) and a borderline significant interaction for risk of cancer 

(p for interaction = 0.07), all analyses were stratified by sex. The association of the 

HEI-DGE with risk of chronic diseases is shown in Table 8 (men) and Table 9 (women). 

The HEI-DGE score was inversely related to overall chronic disease risk (i.e. CVD, type 2 

diabetes, and cancer combined) in men. After multivariable-adjustment, men in the 

highest quintile had a 21% reduced risk compared to those in the lowest quintile 

(HR = 0.79, 95% CI: 0.62-1.01, p for trend = 0.03), and a 10-point increase in the total 

HEI-DGE score was associated with a 10% decreased risk for chronic diseases, 

respectively. In women, however, no significant association of the HEI-DGE score with 

overall chronic disease risk was found (HR highest vs. lowest quintile = 0.91, 95% CI: 

0.73-1.13, p for trend = 0.24; HR for 10-point increase = 0.96, 95% CI: 0.89-1.03). 

When looking at the single diseases endpoints, an inverse association of the HEI-DGE 

score with risk of cardiovascular diseases was observed in men but not in women. The 

multivariable-adjusted HR for a 10-point increase was 0.76 (95% CI: 0.64-0.89) in men 

and 1.08 (95% CI: 0.91-1.30) in women. Compared to persons in the lowest quintile, men 

in the highest HEI-DGE quintile had a 44% lower risk of CVD. In women, the null 

association between the HEI-DGE and CVD risk was persistent after further adjustment 

for postmenopausal status and hormone use (results not shown).  

                                                
1 Please note: The results presented here have also been published by the author in:  
  Ernährungs-Umschau 2011;58(5):242-249. 
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Furthermore, the HEI-DGE was significantly inversely associated with the risk of type 2 

diabetes after multivariable-adjustment in men but not in women. This was observed when 

the HEI-optimised was modelled both, continuously (HR for 10-point increase = 0.87, 

95% CI: 0.77-0.97 in men and 0.93, 95% CI: 0.83-1.05 in women), and categorical. The 

risk estimates for type 2 diabetes were particularly attenuated by BMI adjustment in both 

sexes.  

For cancer a relationship with the HEI-DGE score was detected neither across quintiles 

nor per 10-point increment of the HEI-DGE. 

 

Among the single constituents of the HEI-DGE the “meat”, “eggs”, and “added fat” 

component were significantly inversely related to risk of overall chronic diseases even 

after the single components were mutually adjusted (HR for 5-point increase = 0.87, 

95% CI: 0.78-0.97 for “meat”; 0.83, 95% CI: 0.70-0.98 for “eggs”; and 0.86, 95% CI: 0.75-

0.98 for “added fat”) (Table 10). Thus, a lower consumption of these food groups may 

reduce risk of chronic diseases. When the HEI-DGE components were entered into the 

model individually, a further inverse association with dairy products occurred, which was 

attenuated to the non-significant level after additional adjustment for the other food groups 

included into the HEI-DGE. 

 

 

Figure 9 Histogram of the HEI-DGE score 
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Table 7 Baseline (1994-1998) diet and lifestyle characteristics and risk factors by quintile of the HEI-DGE for 9098 men and 

14 433 women of the EPIC-Potsdam study [89] 

 HEI-DGE quintile (men) HEI-DGE quintile (women) 

 1 
52.6 (28.6-56.5)5 

3 
64.3 (61.9-66.8) 

5 
77.5 (72.7-103.7) 

1 
52.6 (28.6-56.5)5 

3 
64.3 (61.9-66.8) 

5 
77.5 (72.7-103.7) 

 
Age (y)1 

 
50.3 ± 7.6 

 
51.9 ± 8.0 

 
52.7 ± 8.3 

 
46.2 ± 8.6 

 
48.0 ± 9.3 

 
49.4 ± 9.4 

Technical school, technical college, or 
university degree (%) 

58.8 69.8 75.0 51.0 59.3 63.4 

BMI (kg/m2)1 27.0 ± 3.7 26.8 ± 3.4 26.3 ± 3.2 25.4 ± 4.8 25.5 ± 4.4 25.7 ± 4.4 
WHR1   0.9 ± 0.1   0.9 ± 0.1   0.9 ± 0.1   0.8 ± 0.1   0.8 ± 0.1   0.8 ± 0.1 
Leisure-time physical activity2 (h/week)1 10.0 ± 7.7 11.0 ± 7.5 11.2 ± 7.8   9.9 ± 7.1 10.8 ± 6.9 11.9 ± 7.3 
Current smoker (%) 30.5 22.4 18.1 27.9 17.8 12.8 
Current vitamin user (%) 11.6 15.0 20.8 13.1 16.4 21.9 
History of high blood lipids (%) 29.9 32.8 34.8 18.3 20.7 24.2 
History of hypertension (%) 32.4 32.7 33.8 26.9 28.6 30.1 
       
Diet contributors to the HEI-DGE score       
  Beverages (g/d)1 868.0 ± 450.1 1137.9 ± 543.9 1550.4 ± 783.3 845.5 ± 408.4 1089.1 ± 498.0 1632.8 ± 826.0 
  Vegetables (g/d)1     104.5 ± 45.7 137.5 ± 50.6 193.0 ± 93.1       98.6 ± 40.6 128.9 ± 45.1 187.6 ± 79.0 
  Fruits3 (g/d)1     150.8 ± 67.4 231.0 ± 82.3  357.7 ± 145.9     155.4 ± 62.5 225.0 ± 81.8  339.2 ± 121.6 
  Cereals (g/d)1 325.5 ± 107.7 354.6 ± 99.4 374.5 ± 97.8     245.0 ± 82.0 259.4 ± 76.6 281.4 ± 81.1 
  Dairy products (g/d)1 195.4 ± 251.5  252.5 ± 218.7  304.5 ± 218.6 215.9 ± 237.9  256.2 ± 206.3  318.1 ± 241.1 
  Meat, sausages (g/d)1     157.4 ± 79.7 141.7 ± 66.4       127.3 ± 65.5     102.6 ± 55.6  93.4 ± 44.6  84.8 ± 46.5 
  Fish (g/d)1 21.7 ± 35.1  30.4 ± 27.7  35.4 ± 24.5 12.4 ± 25.2  20.5 ± 18.6  26.4 ± 20.6 
  Eggs (g/d)1 21.6 ± 21.2  18.2 ± 13.4  15.8 ± 10.4 19.1 ± 23.2  15.8 ± 11.4  14.2 ± 10.1 
  Fat (g/d)1 35.2 ± 20.3  29.8 ± 16.0  26.3 ± 14.1 29.5 ± 17.2  24.1± 13.7  20.4 ± 11.9 
  Oil4 (g/d)1 4.0 ±.6.8  7.5 ± 8.8  12.2 ± 11.5 3.2 ±.6.8 5.5 ± 6.5  10.0 ± 10.5 
       
Other diet components       
  Alcohol intake (g/d)1 26.0 ± 26.1  22.2 ± 20.8 18.8 ± 19.7  8.0 ± 10.9  8.7 ± 10.5   9.1 ± 11.8 
  Total energy intake (kJ/d)1 9784.0 ± 3014.2 10 403.0 ± 2787.8  11 235.0 ± 2837.6   7324.0 ± 2345.8 7759.5 ± 2129.9   8726.6 ± 2437.1 
 
1 Mean ± standard deviation. 
2 Including walking, cycling and sports. 
3 Including juices (up to 100 g/d). 
4 “Oil” includes vegetable oil and nuts (no „hidden“ oil, like for instance in sauces). 
5 Median with range in parentheses. 
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Table 8 Adherence to recommendations of the DGE-Nutrition Circle (measured by the HEI-DGE) and risk of cardiovascular 

diseases (CVD), type 2 diabetes, and cancer among 9098 men enrolled in the EPIC-Potsdam study (1994-2007) 

(extended from [89]) 

 HEI-DGE quintiles 

 1 2 3 4 5 p Trend1 
10-point increase 
of the HEI-DGE 

Major chronic disease2        
   Cases, n / person-years  358 / 21 147 246 / 17 223 237 / 13 776 167 / 11 225 90 / 6393   
   Age-adjusted HR 1.0  0.81 (0.69-0.96)3 0.88 (0.75-1.04) 0.76 (0.63-0.91) 0.69 (0.54-0.87) 0.0004 0.86 (0.80-0.92) 
   Multivariable-adjusted HR4 1.0 0.85 (0.72-1.01) 0.95 (0.80-1.13) 0.81 (0.67-0.98) 0.79 (0.62-1.01) 0.031 0.90 (0.84-0.97) 
CVD5        
   Cases, n / person-years   89 / 21 147  51 / 17 223  40 / 13 776  26 / 11 225 16 / 6393   
   Age-adjusted HR 1.0 0.67 (0.48-0.95) 0.61 (0.42-0.88) 0.48 (0.31-0.74) 0.47 (0.27-0.80) <0.0001 0.71 (0.60-0.83) 
   Multivariable-adjusted HR4 1.0 0.72 (0.51-1.02) 0.66 (0.45-0.98) 0.53 (0.34-0.83) 0.56 (0.32-0.97) 0.002 0.76 (0.64-0.89) 
Type 2 diabetes        
   Cases, n / person-years  173 / 21 147 107 / 17 223  98 / 13 776  69 / 11 225 35 / 6393   
   Age-adjusted HR 1.0 0.75 (0.59-0.96) 0.79 (0.62-1.02) 0.69 (0.52-0.91) 0.59 (0.41-0.85) 0.001 0.81 (0.73-0.90) 
   Multivariable-adjusted HR4 1.0 0.81 (0.64-1.04) 0.90 (0.70-1.17) 0.72 (0.54-0.97) 0.73 (0.50-1.07) 0.032 0.87 (0.77-0.97) 
Cancer        
   Cases, n / person-years   98 / 21 147  91 / 17 223 100 / 13 776  74 / 11 225 39 / 6393   
   Age-adjusted HR 1.0 1.07 (0.80-1.42) 1.28 (0.96-1.69) 1.15 (0.85-1.56) 1.03 (0.71-1.49) 0.494 1.03 (0.92-1.16) 
   Multivariable-adjusted HR6 1.0 1.10 (0.82-1.46) 1.33 (0.99-1.77) 1.20 (0.88-1.65) 1.09 (0.74-1.61) 0.307 1.06 (0.93-1.20) 
 
1 Test for trend across quintiles by using the median value for each quintile. 
2 Major chronic diseases were defined as CVD, type 2 diabetes, or cancer, whichever occurred first. 
3 Hazard Ratios with 95% confidence intervals in parentheses. 
4 Stratified by age and adjusted for smoking status (non-smoker, former smoker, smoker), alcohol intake (g/d), leisure-time physical activity (h/week), BMI (kg/m2), history of 
  high blood lipid levels or hypertension at baseline (yes/no), education (vocational training or lower degree vs. trade school, technical school, or university degree), vitamin 
  supplementation, and total energy intake (kJ/d). 
5 CVD was defined as myocardial infarction and stroke. 
6 Model for cancer includes the same covariate-set as models for CVD or type 2 diabetes, except history of high blood lipid levels or hypertension at baseline (yes/no). 



Results   44 

Table 9 Adherence to recommendations of the DGE-Nutrition Circle (measured by the HEI-DGE) and risk of cardiovascular 

diseases (CVD), type 2 diabetes, and cancer among 14 433 women enrolled in the EPIC-Potsdam study (1994-2007) 

(extended from [89]) 

 HEI-DGE quintiles 

 1 2 3 4 5 p Trend1 
10-point increase 
of the HEI-DGE 

Major chronic disease2        
   Cases, n / person-years  124 / 15 302 163 / 19 782 193 / 23 019 191 / 25 513 265 / 30 361   
   Age-adjusted HR 1.0  0.93 (0.73-1.17)3 0.91 (0.72-1.14) 0.78 (0.62-0.98) 0.85 (0.69-1.06) 0.086 0.94 (0.88-1.01) 
   Multivariable-adjusted HR4 1.0 0.95 (0.75-1.21) 0.96 (0.76-1.20) 0.81 (0.65-1.02) 0.91 (0.73-1.13) 0.244 0.96 (0.89-1.03) 
CVD5        
   Cases, n / person-years   17 / 15 302  19 / 19 782  28 / 23 019  33 / 25 513  44 / 30 361   
   Age-adjusted HR 1.0 0.78 (0.40-1.50) 0.95 (0.52-1.74) 0.97 (0.54-1.74) 1.01 (0.58-1.79) 0.611 1.07 (0.90-1.27) 
   Multivariable-adjusted HR4 1.0 0.84 (0.43-1.62) 1.03 (0.56-1.89) 1.06 (0.58-1.92) 1.09 (0.61-1.95) 0.508 1.08 (0.91-1.30) 
Type 2 diabetes        
   Cases, n / person-years   47 / 15 302  73 / 19 782  67 / 23 019  71 / 25 513  97 / 30 361   
   Age-adjusted HR 1.0 1.08 (0.75-1.56) 0.81 (0.56-1.18) 0.75 (0.52-1.09) 0.80 (0.57-1.14) 0.063 0.89 (0.80-1.00) 
   Multivariable-adjusted HR4 1.0 1.11 (0.76-1.61) 0.89 (0.61-1.30) 0.79 (0.54-1.15) 0.90 (0.62-1.30) 0.241 0.93 (0.83-1.05) 
Cancer        
   Cases, n / person-years   60 / 15 302  71 / 19 782  99 / 23 019  88 / 25 513 124 / 30 361   
   Age-adjusted HR 1.0 0.84 (0.60-1.19) 0.98 (0.71-1.35) 0.75 (0.54-1.04) 0.84 (0.62-1.15) 0.255 0.94 (0.85-1.04) 
   Multivariable-adjusted HR6 1.0 0.85 (0.60-1.20) 1.00 (0.72-1.38) 0.77 (0.55-1.07) 0.86 (0.63-1.19) 0.344 0.95 (0.85-1.05) 
 
1 Test for trend across quintiles by using the median value for each quintile. 
2 Major chronic diseases were defined as CVD, type 2 diabetes, or cancer, whichever occurred first. 
3 Hazard Ratios with 95% confidence intervals in parentheses. 
4 Stratified by age and adjusted for smoking status (non-smoker, former smoker, smoker), alcohol intake (g/d), leisure-time physical activity (h/week), BMI (kg/m2), history of 
  high blood lipid levels or hypertension at baseline (yes/no), education (vocational training or lower degree vs. trade school, technical school, or university degree), vitamin 
  supplementation, and total energy intake (kJ/d). 
5 CVD was defined as myocardial infarction and stroke. 
6 Model for cancer includes the same covariate-set as models for CVD or type 2 diabetes, except history of high blood lipid levels or hypertension at baseline (yes/no). 
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Table 10 Association of a 5-point increase in the single HEI-DGE components with risk of chronic diseases in 9098 men and 

14 433 women (CVD, type 2 diabetes, and cancer) (extended from [89]) 

HEI-DGE 
component 

Higher score reflects HR (95% CI)1 ββββ-coefficient1 HR (95% CI)2 ββββ-coefficient2 

Beverages Higher intake 0.95 (0.88-1.02) -0.05 0.96 (0.89-1.04) -0.04 
Vegetables Higher intake 0.90 (0.78-1.04) -0.10 0.92 (0.78-1.07) -0.09 
Fruit Higher intake 0.97 (0.91-1.02)  0.23 1.00 (0.94-1.06)  0.00 
Cereals Higher compliance with recommended intake3 1.05 (0.90-1.24)  0.05 1.07 (0.91-1.27)  0.07 
Dairy products Higher compliance with recommended intake3 0.88 (0.77-0.99) -0.13 0.90 (0.79-1.02) -0.11 
Meat, sausages Lower intake 0.88 (0.79-0.98) -0.13 0.87 (0.78-0.97) -0.14 
Fish Higher compliance with recommended intake3 1.01 (0.94-1.09)  0.01 1.02 (0.94-1.10)  0.02 
Egg Lower intake 0.81 (0.69-0.96) -0.21 0.83 (0.70-0.98) -0.18 
Added fat Lower intake 0.86 (0.75-0.98) -0.15 0.86 (0.75-0.98) -0.16 
Oil Higher compliance with recommended intake3 0.99 (0.91-1.08) -0.01 1.03 (0.94-1.13)  0.03 
 
HR: Hazard Ratios, CI: Confidence Intervals 
 
1 Each component of the HEI-DGE was added individually into the model, stratified by age, and adjusted for sex, smoking status, alcohol intake, leisure-time physical 
  activity, BMI, history of high blood lipid levels or hypertension at baseline, education, vitamin supplementation, and total energy intake.  
2 Each component of the HEI-DGE was adjusted for the other food groups of the DGE-Nutrition Circle, as well as age, sex, smoking status, alcohol intake, leisure-time 
  physical activity, BMI, history of high blood lipid levels or hypertension at baseline, education, vitamin supplementation, and total energy intake.  
3 Too low as well as too high intakes resulted in a deduction of points. 
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3.2 Association of 45 single food groups with risk of major 

chronic diseases 

A comprehensive overview of the associations between 45 food groups (in servings per 

day) and the risk of overall chronic diseases—i.e. cardiovascular diseases (CVD), type 2 

diabetes, and cancer—in the overall EPIC-Potsdam sample (n = 23 531) is presented in 

Table 11. On the following pages, the significant or borderline significant findings for the 

45 single food groups (printed in italics) in relation to risk of chronic diseases are 

described sorted by major food groups (printed in bold) to simplify the reading. Therefore, 

it was focussed on independent risk relationships between single food groups and overall 

chronic diseases since these are most important for continuative analyses and 

conclusions. Subsequently, also results of supplementary sensitivity analyses are 

reported. 

 

Within the group of cereal products, intake of whole-grain bread was found to be 

inversely related to risk of overall chronic diseases (HR per 50 g increase in intake per 

day = 0.95, 95% CI: 0.91-0.99) and type 2 diabetes. Additionally, intake of grain flakes 

and muesli showed a strong inverse association with CVD but did not affect total risk of 

chronic diseases. 

 

Inside the major group of fruits and vegetables, fresh fruit intake showed an inverse 

association with risk of overall chronic diseases that was borderline significant (HR per 

100 g increase in intake = 0.96, 95% CI: 0.91-1.01), which is also reflected in a tendency 

of an inverse association with type 2 diabetes and cancer risk. Interestingly, the 

consumption of raw but not cooked vegetables was inversely related to type 2 diabetes, 

CVD, and overall chronic disease risk (HR per 100 g of intake per day = 0.87, 95%CI: 

0.77-0.97). 

 

With regard to dairy products, unexpectedly, a direct association of low-fat dairy intake 

with risk of overall chronic diseases (HR per 100 g increase in intake = 1.03, 95% CI: 

1.00-1.05) and type 2 diabetes was observed.  

 

Within the group of beverages, coffee consumption was inversely associated with risk of 

overall chronic diseases (HR per one additional cup (150 g) per day = 0.97, 95% CI: 

0.95-0.99) and type 2 diabetes. In addition, intake of fruit juice was related to risk of type 2 

diabetes but not overall chronic diseases. Besides, the consumption of high-energy soft 

drinks was positively associated with risk of type 2 diabetes; however, this association 
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was attenuated after adjustment for BMI and waist-to-hip ratio (WHR) (results not shown). 

Moreover, a tendency of an inverse association of tea consumption with risk of CVD was 

observed. 

 

When investigating the food group of added fat and oil, it was observed that intake of 

butter was directly linked to risk of overall chronic diseases (HR per 5 g-increment in daily 

intake = 1.03, 95% CI: 1.01-1.05) and CVD. Furthermore, a tendency of a positive 

association between butter intake and risk of type 2 diabetes and cancer was observed. 

Intake of sauces, a food group that is also often characterized by a high fat-content, was 

directly related to risk of overall chronic diseases (HR per 5 g-increment of intake = 1.03, 

95% CI: 1.01-1.05) and cancer. A further disaggregation of this heterogeneous group 

revealed that gravy (sauce eaten together with meat or fish) was responsible for this effect 

(HR for major chronic diseases per 5 g of increase in intake = 1.09, 95% CI: 1.04-1.14). 

In contrast to butter, intake of margarine showed a borderline significant inverse 

association with cancer risk but no association with overall disease risk was observed. 

In addition, also other added fats and oils were related to specific chronic diseases but not 

to the combined endpoint. For instance, intake of other vegetable fat was relatively 

strongly inversely related to CVD risk. Conversely, intake of other fat (i.e. animal cooking 

fat) showed a strong positive association with type 2 diabetes risk but a strong negative 

association with CVD risk. These contradictory results make a general conclusion about 

this food group difficult. Moreover, also nuts, a food rich in unsaturated fatty acids 

(primarily omega-3 fatty acids), showed a borderline significant inverse association with 

risk of type 2 diabetes. 

 

In the major group of animal products, the intake of red meat but not processed meat 

was consistently related to risk of major chronic diseases (HR per 100 g of intake = 1.29, 

95% CI: 1.11-1.49), including type 2 diabetes and cancer. The borderline positive 

association between egg intake and risk of overall chronic diseases (HR per 1 egg (60 g) 

per day = 1.13, 95% CI: 0.98-1.31) was more pronounced in models without adjustment 

for WHR (HR per 60 g = 1.16, 95% CI: 1.01-1.34). Furthermore, a significant positive 

relation between intake of processed meat and poultry and risk of type 2 diabetes was 

observed but disappeared after adjustment for BMI and WHR (data not shown). 

 

Finally, subgroups of sweets and snacks were investigated. Contrary to expectations, an 

inverse association of cakes and cookies consumption with risk of overall chronic 

diseases (HR per 50 g of intake = 0.94, 95% CI: 0.90-0.98), type 2 diabetes, and cancer 

was observed. In addition, also intake of sweet bread spreads was found to be 
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independently and inversely related to risk of type 2 diabetes but not to overall chronic 

diseases. For pizza no clear picture could be observed because pizza consumption was 

inversely associated with cancer risk but positively related to CVD risk. These 

contradictory results could be explained by the heterogeneous composition of pizza (high 

content of vegetables and tomato sauce but also rich in saturated fat).  

 

 

Sensitivity analyses 

 

The results described on the following pages can be regarded as interesting additional 

information but are not directly used to derive suggestions for improvement of the current 

German FBDG. 

 

1) Adjustment for intake of further food groups 

 

To examine the potential role of underlying eating patterns, the influence of additional 

adjustment for intake of the most important food groups being related to risk of major 

chronic diseases—namely whole-grain bread, fresh fruit, raw vegetables, and red meat—

was tested in a second model. The results of these sensitivity analyses are shown in 

Table 25.  

In general, most of the significant associations that were observed in the first model that is 

presented in Table 11 were consistent after additional adjustment for intake of whole-

grain bread, fresh fruit, raw vegetables, and red meat. Still, the relationship between 

intake of fresh fruit and eggs with risk of overall chronic diseases was weakened after 

adjustment for these food groups.  

When all 45 food groups were mutually adjusted, whole-grain bread, raw vegetables, 

coffee, sauce, and red meat were still significantly associated with overall chronic 

diseases indicating that these were the strongest independent predictors for chronic 

diseases (data not shown). 

 

2) Interactions with sex 

 

As the association between adherence to German FBDG with risk of chronic diseases, in 

particular CVD, was found to be sex-specific, it was also tested whether the relationships 

between 45 single food groups and chronic disease risk were modified by sex. To be 

more concise, sex-stratified results were only presented for those food groups that 

showed a significant interaction with sex (see appendix: Table 26).  

For instance, a borderline significant inverse relationship of high-fat dairy intake with risk 

of chronic diseases was observed in men but not in women (HR per 100 g/day in men = 
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0.96, 95% CI: 0.92-1.01). Furthermore, the strong inverse association of muesli and flakes 

with CVD risk was confined to women (HR per 50 g/day = 0.16, 95% CI: 0.04-0.71). 

In addition, a direct relationship between intake of eggs with cancer risk was observed 

among women (HR per 60 g/day = 1.32, 95% CI: 1.07-1.63). Moreover, also the inverse 

relation between cakes and cookies consumption and cancer risk was confined to women 

(HR per 50 g/day = 0.82, 95% CI: 0.73-0.93). All the before mentioned sex-specific 

significant relationships were consistent after additional adjustment for intake of whole-

grain bread, fresh fruits, raw vegetables, and red meat. 

Besides, odd effect modifications by sex concerning the association of water with CVD 

risk (positive association in women, inverse association in men) and cooked vegetables 

with cancer risk (positive association in men but not in women) were observed. However, 

the association between cooked vegetables and cancer risk was attenuated after 

adjustment for intake of whole-grain bread, fresh fruit, raw vegetables, and red meat.  

 

3) Analyses of food group intake as categorical variable in relation to risk of chronic 

diseases 

 

The 45 food groups were also modelled in categories (quintiles) to test for potential non-

linear associations. Therefore, the lowest intake category was considered as the 

reference group. The major findings of that are described in the following but are not 

presented in additional result tables. 

The intake of high-fat dairy, for example, was found to be U-shapely related to risk of 

chronic diseases and type 2 diabetes, with a suggestion of a protective effect for a 

medium intake (HR for chronic diseases in fourth quintile (Q4) vs. Q1 = 0.84, 95% CI: 

0.73-0.96). In addition, intake of fruit juice was U-shapely associated with risk of chronic 

diseases and CVD (HR for chronic diseases Q2 vs. Q1 = 0.87, 95% CI: 0.76-1.00). 

Furthermore, intake of margarine showed a U-shaped association with risk of overall 

chronic diseases, CVD, and cancer, with a decreased risk for a medium intake (HR for 

chronic diseases in Q3 vs. Q1 = 0.86, 95% CI: 0.75-0.99 and HR in Q4 vs. Q1 = 0.81, 

95% CI: 0.71-0.94).  

Beyond these findings, an ∩-shaped association of eggs consumption with risk of CVD 

(but not overall chronic diseases) was observed, with an increased risk for a medium 

intake (HR for CVD in Q4 vs. Q1 = 1.42, 95% CI: 1.03-1.95). In addition, concerning risk 

of CVD, a low intake of fresh fruits seems to be protective (U-shaped association; HR for 

CVD in Q2 vs. Q1 = 0.69, 95% CI: 0.50-0.97). 

All the non-linear associations described in this paragraph were consistent after 

adjustment for intake of further food groups, i.e. whole-grain bread, raw vegetables, fresh 

fruit, and red meat. 
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The investigation of food group intake in categories in relation to chronic diseases can 

furthermore help to obtain supplementary information on food groups with a high 

proportion of non-consumers and thus a right-skewed distribution, such as grain 

flakes/muesli, cornflakes, vegetarian dishes, garlic, low-fat dairy, low-fat cheese, 

de-caffeinated coffee, soft drinks, and other fat (see appendix, Table 24). All these foods, 

except low-fat dairy, are characterised by a non-consumer proportion of more than 50%, 

so that may be sensible to pay more attention to categorical variables, i.e. the comparison 

of consumers vs. non-consumers (binary variable). The main findings of that are 

described in the following.  

For cornflakes, garlic, low-fat cheese, de-caffeinated coffee, and soft drinks no contrary 

results were observed when comparing the risk estimates of the continuous and the 

categorical variables. Conversely, new insights were gained for some other food groups 

like low-fat dairy, grain flakes, or other fat. When investigating the intake of low-fat dairy in 

tertiles (30% of the cohort reported to be non-consumers) no association with risk of any 

chronic disease could be observed, which is in contrast to the risk-association observed 

for the continuous variable (see Table 11). In addition, the inverse association between 

grain flakes/muesli intake and risk of CVD as well as the contradictory findings for other 

fat—i.e. an inverse relation with CVD risk but a positive association with risk of type 2 

diabetes—that was observed on the continuous scale were not confirmed when 

comparing consumers to non-consumers).  
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Table 11 Increase of food group intake by one serving per day and risk of chronic 

diseases (CVD, type 2 diabetes, and cancer) in the EPIC-Potsdam cohort 

Food group 
(portion size) 

HR (95 % CI): 
Chronic disease1 

HR (95 % CI): 
CVD1 

HR (95 % CI): 
Type 2 diabetes1 

HR (95 % CI): 
Cancer2 

     
Whole-grain bread (50 g) 0.95 (0.91-0.99) 0.96 (0.86-1.07) 0.92 (0.85-0.99) 0.96 (0.90-1.03) 
Other bread (50g) 1.02 (0.98-1.05) 1.02 (0.95-1.10) 1.02 (0.97-1.07) 1.01 (0.96-1.07) 
Grain flakes, muesli (50 g) 1.05 (0.87-1.26) 0.55 (0.29-1.01) 1.12 (0.82-1.53) 1.10 (0.87-1.41) 
Cornflakes, crisps (50 g) 1.24 (0.79-1.93) 1.58 (0.65-3.86) 1.24 (0.59-2.63) 1.08 (0.54-2.15) 
Pasta, rice (100 g) 0.94 (0.67-1.30) 1.01 (0.46-2.22) 1.02 (0.62-1.70) 0.83 (0.49-1.40) 
Potatoes (100 g) 1.08 (0.98-1.18) 1.07 (0.87-1.32) 1.11 (0.97-1.27) 1.04 (0.90-1.20) 
Fried potatoes (100 g) 0.89 (0.64-1.22) 0.63 (0.29-1.36) 1.29 (0.81-2.04) 0.70 (0.41-1.20) 
     
Vegetarian dishes (100 g) 0.60 (0.16-2.30) 1.55 (0.13-19.0) 0.31 (0.02-6.30) 0.47 (0.08-2.92) 
Fresh fruit (100 g) 0.96 (0.91-1.01) 1.01 (0.90-1.13) 0.95 (0.88-1.02) 0.95 (0.88-1.02) 
Canned fruit (100 g) 0.91 (0.76-1.09) 0.80 (0.51-1.24) 1.05 (0.81-1.36) 0.85 (0.64-1.13) 
Raw vegetables (100 g) 0.87 (0.77-0.97) 0.70 (0.51-0.95) 0.82 (0.68-0.98) 1.00 (0.85-1.18) 
Cabbage (100 g) 0.96 (0.70-1.32) 1.09 (0.53-2.24) 1.01 (0.61-1.67) 0.87 (0.53-1.43) 
Cooked vegetables (100 g) 0.99 (0.78-1.26) 0.71 (0.38-1.31) 1.00 (0.69-1.45) 1.13 (0.78-1.63) 
Garlic (2 g) 0.87 (0.67-1.12) 1.07 (0.60-1.90) 0.76 (0.49-1.17) 0.89 (0.59-1.34) 
Mushrooms (10 g) 1.11 (0.93-1.32) 0.89 (0.56-1.40) 1.07 (0.81-1.41) 1.24 (0.95-1.62) 
Legumes (100 g) 1.01 (0.82-1.24) 0.91 (0.56-1.50) 1.06 (0.77-1.46) 0.97 (0.69-1.36) 
     
Low-fat dairy products (100 g) 1.03 (1.00-1.05) 1.03 (0.97-1.09) 1.03 (1.00-1.07) 1.02 (0.98-1.06) 
High-fat dairy products (100 g) 0.99 (0.96-1.02) 0.93 (0.86-1.02) 0.99 (0.95-1.04) 1.00 (0.95-1.05) 
Low-fat cheese (30 g) 0.98 (0.88-1.09) 0.95 (0.72-1.24) 0.95 (0.80-1.12) 1.02 (0.86-1.21) 
High-fat cheese (30 g) 0.99 (0.94-1.05) 1.01 (0.88-1.15) 0.96 (0.87-1.05) 1.01 (0.92-1.11) 
     
Water (200 g) 1.00 (0.98-1.02) 0.99 (0.94-1.05) 1.00 (0.97-1.03) 1.00 (0.97-1.04) 
Coffee (150 g) 0.97 (0.95-0.99) 1.01 (0.96-1.06) 0.95 (0.91-0.98) 0.98 (0.94-1.02) 
Decaffeinated coffee (150 g) 1.00 (0.94-1.06) 1.03 (0.90-1.18) 0.98 (0.89-1.09) 1.04 (0.94-1.15) 
Tea (150 g) 1.00 (0.98-1.02) 0.96 (0.91-1.01) 0.99 (0.96-1.02) 1.01 (0.98-1.04) 
Fruit juice (200 g) 1.02 (0.98-1.06) 1.02 (0.93-1.12) 1.05 (1.00-1.12) 0.99 (0.92-1.06) 
Low-energy soft drinks (200 g) 1.01 (0.90-1.12) 1.08 (0.86-1.37) 0.91 (0.78-1.07) 1.06 (0.88-1.28) 
High-energy soft drinks (200 g) 1.02 (0.96-1.08) 1.04 (0.92-1.17) 1.04 (0.97-1.13) 0.98 (0.87-1.10) 
Soup (250 g) 0.92 (0.68-1.23) 0.65 (0.31-1.36) 1.05 (0.67-1.63) 0.94 (0.59-1.50) 
     
Butter (5 g) 1.03 (1.01-1.05) 1.04 (1.00-1.08) 1.02 (0.99-1.05) 1.02 (0.99-1.05) 
Margarine (5 g) 0.99 (0.97-1.01) 1.00 (0.96-1.04) 1.01 (0.98-1.03) 0.97 (0.95-1.00) 
Other vegetable fat (5 g) 0.98 (0.92-1.06) 0.81 (0.66-1.00) 1.01 (0.91-1.13) 1.03 (0.93-1.14) 
Nuts (5 g) 0.99 (0.96-1.02) 1.01 (0.95-1.07) 0.96 (0.91-1.01) 1.01 (0.97-1.05) 
Other fat (5 g) 1.36 (0.89-2.06) 0.26 (0.07-0.96) 2.09 (1.17-3.74) 1.64 (0.85-3.13) 
Sauce (5 g) 1.03 (1.01-1.05) 1.01 (0.97-1.06) 1.02 (0.99-1.05) 1.04 (1.01-1.07) 
     
Fish (100 g) 1.10 (0.94-1.29) 1.16 (0.80-1.68) 1.16 (0.92-1.46) 1.06 (0.82-1.37) 
Poultry (100 g) 1.15 (0.82-1.60) 0.68 (0.29-1.61) 1.14 (0.69-1.89) 1.49 (0.89-2.50) 
Red meat (100 g) 1.29 (1.11-1.49) 1.22 (0.86-1.72) 1.28 (1.03-1.60) 1.33 (1.04-1.69) 
Processed meat (100 g) 1.02 (0.92-1.14) 0.86 (0.65-1.13) 1.05 (0.90-1.23) 1.04 (0.87-1.25) 
Eggs (60 g) 1.13 (0.98-1.31) 1.16 (0.84-1.60) 1.09 (0.87-1.37) 1.18 (0.94-1.47) 
     
Chips (50 g) 0.70 (0.45-1.09) 0.89 (0.35-2.28) 0.55 (0.27-1.14) 0.76 (0.38-1.54) 
Pizza (50 g) 0.76 (0.56-1.03) 1.63 (1.00-2.28) 0.67 (0.40-1.10) 0.53 (0.31-0.88) 
Cakes, cookies (50 g) 0.94 (0.90-0.98) 1.01 (0.92-1.10) 0.92 (0.86-0.99) 0.92 (0.85-0.99) 
Confectionary (50 g) 0.96 (0.87-1.06) 1.06 (0.85-1.32) 0.91 (0.77-1.07) 0.96 (0.82-1.13) 
Sweet bread spread (10 g) 0.99 (0.96-1.03) 1.05 (0.97-1.14) 0.93 (0.87-1.00) 1.01 (0.96-1.07) 
Desserts (50 g) 0.94 (0.84-1.06) 1.08 (0.85-1.38) 0.97 (0.80-1.17) 0.88 (0.73-1.07) 
 
1 Each food group was entered individually into the model, stratified by age (years), and adjusted for sex, smoking status (never, 
  former, current), alcohol intake (g/d), leisure-time physical activity (walking, cycling, sports in hours per week), BMI (kg/m2),  
  waist-to-hip ratio, prevalent hypertension at baseline (yes/no), history of high blood lipid levels at baseline (yes/no), education 
  (vocational training or lower degree vs. trade school, technical school or university), vitamin supplementation (yes/no),  
  non-consumption of the respective food group (yes/no), and total energy intake (kJ/day). 
2 Models for cancer include the same covariate-set as models for CVD and type 2 diabetes, except history of high blood lipid levels  
  (yes/no) and prevalent hypertension at baseline (yes/no). 
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3.3 Suggestions for improved food-based dietary guidelines and 

their potential of chronic disease prevention 

This chapter is divided into two paragraphs. At first, ideas for improvement of the current 

German food-based dietary guidelines (FBDG) concerning their potential of preventing 

chronic diseases are presented. These improvements were derived based on the results 

of the preceding analyses of 45 food groups in relation to chronic disease incidence (see 

chapter 3.2). Therefore, suggestions for advancement of the present FBDG of Germany 

and how they were included into an optimised Healthy Eating Index are described in the 

following paragraph (see 3.3.1) instead of the methods section.  

Second, the association of the HEI-optimised with risk of chronic diseases was 

investigated (see 3.3.2). This enables a direct comparison of the HEI-optimised to the 

HEI-AID and HEI-DGE, which are based on the current German FBDG, concerning the 

improvement of the potential of chronic disease prevention (see chapter 3.4).  

 

3.3.1 Suggestions for refined food-based dietary guidelines for 

primary prevention of chronic diseases and development of an 

optimised Healthy Eating Index 

Whole-grain bread, fresh fruit, raw vegetables, coffee, cakes and cookies, low-fat dairy 

products, butter, sauce, red meat, and eggs could be identified as potential indicator foods 

of major chronic disease prevention as they were independently related to the overall 

chronic disease occurrence (see chapter 3.2).  

The findings on low-fat dairy, sauce, and cakes and cookies were not included into 

optimised recommendations for food-based prevention since almost no studies reporting a 

similar result could be identified (see chapter 4.3.2). As a result, whole-grain bread, fresh 

fruit, raw vegetables, coffee, butter, red meat, and eggs were candidate foods to be 

considered within the suggestion for improved food recommendations for prevention of 

chronic diseases.  

 

Suggestions for a recommendation on the absolute amount of intake were derived based 

on the recommendations of the DGE-Nutrition Circle. For bread and cereal products the 

DGE stated that whole-grain products should be preferred, i.e. they should account for 

≥50% of total grain intake. As the quantitative recommendation for total bread intake is 

200-300 g per day (4-6 slices) (see Table 18), one can assume that at least 100-150 g 

(2-3 slices) of that should be eaten in form of whole-grain bread.  



Results   53 

The DGE furthermore recommends that a part of vegetables should be consumed raw 

(100-200 g/day; see Table 18).  

In addition, the recommended intake of fruits is 250 g/day. This amount can include also 

processed fruits and juice. For improvement of the recommendations it should be 

emphasized that, ideally, only unprocessed fruits should contribute to this component as 

different health effects for fresh fruit and canned fruit or juice were observed.  

Furthermore, people are advised to limit egg consumption to 2-3 pieces per week. 

Moreover, red meat was the type of meat showing the strongest relationship with risk of 

major chronic diseases. Consequently, it should be highlighted within the existing DGE-

Nutrition Circle that rather white than red meat should be consumed. Hence, we assumed 

that less than 50% of recommended total meat intake (300-600 g/week) should be red 

meat, i.e. up to 150-300 g/week.  

The DGE recommends limiting daily intake of butter and margarine to 15-30 g. Since 

butter showed an adverse effect on long-term health whereas a moderate margarine 

intake appeared to be rather beneficial, we assumed that less than 50% of the total 

amount of fat spread consumption should be butter (max. 7.5-15 g/day).  

Coffee is not a specific component of the DGE-Nutrition Circle but the DGE [98] and 

others [99] stated that a consumption of 3-4 cups per day does not constitute a health risk. 

The suggestions for modification of existing FBDG are also summarised in Table 12. 

 

Table 12 Suggestions for improved food recommendations for prevention of 

major chronic diseases 

Food group Improved intake 
recommendation1 

Health outcomes in EPIC-Potsdam 

Whole-grain bread Min. 2-3 slices per day4 (100-150 g) ↓ Risk of type 2 diabetes  
Raw vegetables Min. 100-200 g per day3 ↓ Risk of type 2 diabetes and CVD 
Fresh fruit 200-250 g per day3 ↓ Risk of type 2 diabetes (tendency), 

   cancer (tendency), and CVD (U-shape) 
Coffee 3-4 cups per day2 (450-600 g) ↓ Risk of type 2 diabetes  
Red meat Max. 150-300 g per week4 ↑ Risk of type 2 diabetes and cancer 
Egg Max. 2-3 eggs per week3 ↑ Risk of cancer (women)  

   and CVD (∩-shape) 
Butter Max. 7.5-15 g per day4 ↑ Risk of CVD, type 2 diabetes 

   (tendency), and cancer (tendency) 
 
1 Lower level of intake range refers to an energy requirement of 1600 kcal/day and upper level of intake refers 
  to 2400 kcal/day. The recommended intake was adapted to deviating individual energy requirement base on 
  the rule of proportion.  
2 DGE statement: coffee consumption should be limited to 3-4 cups per day (equals to 350 mg of caffeine per 
  day). [98] 
3 Values are suggested by the German Nutrition Society. 
4 Refers to 50 % of total bread, meat, or fat spread intake, respectively, that is recommended by the German 
  Nutrition Society. 
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The recommendations shown in Table 12 were taken as the basis for the development of 

an optimised Healthy Eating Index (HEI-optimised) to examine how these refined 

recommendations could improve chronic disease prevention compared to the 

recommendations of the AID-Food Pyramid or the DGE-Nutrition Circle. Therefore, a 

similar scoring algorithm as for the HEI-AID and HEI-DGE calculation (see chapter 2.2.1) 

was used.  

For whole-grain bread, raw vegetables, coffee, and fresh fruit and increasing intake was 

reflected in a proportionally increasing score from 0 (= no intake) to 10 (= perfect 

compliance with recommended intake). For whole-grain bread and raw vegetables up to 

10 extra points were possible to consider the fact that they should contribute at least 50% 

to total bread or vegetable intake, hence, a higher intake than 50% is desirable (up to 

100% = 20 points).  

In contrast, intake of red meat, butter, and eggs was scored inversely. Thus, a higher than 

recommended intake was penalised with proportional deduction of points. A lower than 

recommended intake was evaluated with a maximum score of 10 since the recommended 

intake refers to a maximum level. Hence, a lower than recommended intake is desirable.  

Eggs had a maximum score of 5 due to the fact that evidence from other studies 

concerning the association of egg intake with chronic disease risk is mixed (see 4.3.2). 

Finally, all component scores were summed, and the resulting total HEI-optimised score 

had a possible range from 0-65 (85, due to potential extra points for some components). 

 

The scoring principles are illustrated graphically by Figure 10 on the next page. 
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HEI-optimised component Visualisation of scoring criteria 

 
(1)   Whole-grain bread 
(2)   Raw vegetables 
 

 

 
(3)   Fresh fruit  
(4)   Coffee 
 

 

 
(5)   Red meat 
(6)   Eggs (maximum score: 5) 
(7)   Butter 
 
 
 
 
 
 

 

 

Figure 10 Graphical illustration of the evaluation of different food groups within the 

Healthy Eating Index-optimised 

 
Equation 1 and Equation 2 are described in chapter 2.2.1 of the methods section, food intake was 
considered in grams/day. 
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3.3.2 Adherence to improved food recommendations (measured by 

the HEI-optimised) and risk of chronic diseases 

The HEI-optimised scores in our study population were normally distributed with a range 

from 11.7 to 81.6 and a mean of 40.3 points (men: 37.0, women: 42.4) (see Figure 11). 

As expected, participants with a higher adherence to the improved food 

recommendations, which is reflected in higher HEI-optimised scores, were higher 

educated, more physically active, less likely to smoke, and more likely to be multivitamin 

users compared to those with lower scores (see Table 13). Surprisingly, participants with 

higher HEI-optimised sores more often reported to have a history of high blood lipid levels. 

The intake of food groups included into the HEI-optimised changed in the expected 

direction, i.e. the intake of beneficial foods increased whereas the consumption of less 

favourable foods decreased with increasing HEI-optimised scores. 

 

Comparable to the HEI-AID and HEI-DGE, a significant interaction of the HEI-optimised 

with sex for CVD (p for interaction = 0.04) and borderline significant interaction for cancer 

(p for interaction = 0.05) was identified. Therefore, all results are shown stratified by sex. 

The relationships between the HEI-optimised score with chronic disease occurrence are 

presented in Table 14 for men and Table 15 for women. 

Among men as well as women there had been a relatively strong inverse association of 

the HEI-optimised with major chronic diseases (multivariable-adjusted HR for top vs. 

bottom quintile = 0.64, 95% CI: 0.53-0.78, p for trend<0.0001 for men; HR = 0.69, 95% CI: 

0.57-0.84, p for trend = 0.0002 for women). Per 10-point increment, the risk for overall 

major chronic diseases was reduced by 19% in men and 17% in women. 

Concerning CVD, there had been a strong inverse association with the HEI-optimised in 

men (44% reduced risk of CVD in the highest vs. the lowest quintile) but not in women. In 

women, however, there was a kind of U-shaped relation between the HEI-optimised and 

CVD, with a significantly reduced risk in the second and third quintile but not in the fourth 

and fifth quintile. 

There had been a particularly strong inverse association of the HEI-optimised with type 2 

diabetes in both sexes. Compared to persons in the lowest score quintile, individuals in 

the highest quintile showed a 52% reduced risk for type 2 diabetes (p trend<0.0001) in 

men and a 37% decreased risk (p trend = 0.01) in women in the multivariable-adjusted 

model. The relative risk of type 2 diabetes per 10-point increase was 0.72 (95% CI: 0.62-

0.83) among males and 0.81 (95% CI: 0.70-0.93) among females.  

Like for CVD, there had been an effect modification by sex for cancer but in a way that 

there have been a significant inverse association among women but not in men.  
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This was observed on the continuous scale (HR per 10-point increment = 0.81, 95% CI: 

0.72-0.91 in women and 0.96, 95% CI: 0.83-1.11 in men) but also across quintiles.  

 

All of the single components of the HEI-optimised were significantly inversely related to 

overall chronic disease risk (Table 16), which was expected because only those food 

groups showing significant associations with risk of chronic diseases (see chapter 3.2) 

were incorporated into the score. Thus, the results for the score components can be seen 

more as a confirmation of the food group results as the score variables were created in a 

different way than the food group variables. In addition, this analytical step is in agreement 

with preceding analyses of the HEI-AID and HEI-DGE.  

After mutual adjustment it turned out that the red meat, butter, coffee, and whole-grain 

component showed the strongest independent relationships whereas the results for fresh 

fruit, raw vegetables, and eggs were attenuated to the non-significant level. 

 

 

Figure 11 Histogram of the HEI-optimised score 
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Table 13 Baseline (1994-1998) diet and lifestyle characteristics and risk factors by quintile of the HEI-optimised for 9098 men and 

14 433 women of the EPIC-Potsdam study 

 HEI-optimised quintile (men) HEI-optimised quintile (women) 

 1 
28.7 (11.7-31.3)3 

3 
36.5 (34.9-38.2) 

5 
45.8 (42.3-70.6) 

1 
32.6 (12.0-35.6)3 

3 
41.8 (39.9-43.8) 

5 
53.0 (48.8-81.6) 

 
Age (y)1 

 
50.8 ± 7.9 

 
51.0 ± 8.0 

 
51.9 ± 8.1 

 
47.0 ± 9.3 

 
48.1 ± 9.2 

 
48.9 ± 9.2 

Technical school, technical college, or 
university degree (%) 

61.7 66.9 75.0 54.6 59.9 63.4 

BMI (kg/m2)1 26.7 ± 3.7 27.0 ± 3.6 26.5 ± 3.1 25.4 ± 4.8 25.8 ± 4.5 25.4 ± 4.3 
WHR1   0.9 ± 0.1   0.9 ± 0.1   0.9 ± 0.1   0.8 ± 0.1   0.8 ± 0.1   0.8 ± 0.1 
Leisure-time physical activity2 (h/week)1   9.9 ± 7.3 10.6 ± 7.6  10.6 ± 7.4 10.3 ± 7.1 11.1 ± 7.2 11.1 ± 6.8 
Current smoker (%) 28.6 25.1 20.9 20.0 17.3 15.4 
Current vitamin user (%) 12.5 14.2 18.3 16.1 17.7 21.3 
History of high blood lipids (%) 27.7 33.2 35.1 19.0 22.5 23.2 
History of hypertension (%) 34.6 33.5 31.8 28.8 27.2 27.4 
       
Diet contributors to the HEI-DGE score       
  Coffee (g/d)1 254.4 ± 305.9 476.3 ± 344.3 570.2 ± 332.7 252.4 ± 265.7 425.6 ± 289.2  505.5 ± 280.0 
  Whole-grain bread (g/d)1 12.6 ± 19.4 29.0 ± 35.8 98.4 ± 81.8 18.2 ± 22.6 39.0 ± 37.3 101.3 ± 67.6 
  Raw vegetables (g/d)1 30.7 ± 21.2 43.3 ± 28.0 75.3 ± 61.7 37.5 ± 21.9 54.5 ± 29.8 103.6 ± 72.6 
  Fresh fruits (g/d)1 73.0 ± 46.5     110.7 ± 72.4 194.2 ± 116.4 93.0 ± 57.2     145.2 ± 79.5   230.6 ± 111.6 
  Red meat (g/d)1 70.4 ± 42.6 52.8 ± 32.4 41.6 ± 25.9 45.2 ± 27.7 32.6 ± 20.4   26.3 ± 18.2 
  Eggs (g/d)1 23.8 ± 24.3 18.7 ± 13.5 17.0 ± 14.8 19.3 ± 16.7 15.9 ± 12.7   13.9 ± 11.8 
  Butter (g/d)1 19.1 ± 20.2   8.3 ± 11.4   6.5 ± 10.2 14.2 ± 15.3 6.3 ± 9.0   4.9 ± 7.3 
       
Other diet components       
  Alcohol intake (g/d)1  25.7 ± 25.2  23.0 ± 23.1 20.4 ± 19.0 8.7 ± 12.1 8.6 ± 9.9    8.9 ± 11.0 
  Total energy intake (kJ/d)1 10 471.8 ± 2971.8 10 022.7 ± 2747.9  10 465.7 ± 2818.9  8079.0 ± 2433.0   7815.3 ± 2317.9    8402.0 ± 2412.4 
 
1 Mean ± standard deviation. 
2 Including walking, cycling and sports. 
3 Median with range in parentheses. 
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Table 14 Association of the HEI-optimised with cardiovascular diseases (CVD), type 2 diabetes, and cancer among 9098 men enrolled 

in the EPIC-Potsdam study (1994-2007)  

 Quintiles of the HEI-optimised  

 1  2  3  4  5  p Trend1 
10-point increase 
of the HEI-optim. 

Major chronic disease2        
   Cases, n / person-years  258 / 13 668 236 / 13 848 224 / 14 078 206 / 13 995 174 / 14 174   
   Age-adjusted HR 1.0  0.87 (0.73-1.04)3 0.82 (0.69-0.99) 0.75 (0.62-0.90) 0.59 (0.49-0.72) <0.0001 0.79 (0.72-0.86) 
   Multivariable-adjusted HR4 1.0 0.87 (0.73-1.03) 0.81 (0.68-0.97) 0.76 (0.63-0.91) 0.64 (0.53-0.78) <0.0001 0.81 (0.74-0.89) 
CVD5        
   Cases, n / person-years   51 / 13 668  56 / 13 848  51 / 14 078  34 / 13 995  30 / 14 174   
   Age-adjusted HR 1.0 1.04 (0.71-1.52) 0.94 (0.64-1.39) 0.61 (0.39-0.94) 0.50 (0.32-0.79) 0.0002 0.72 (0.59-0.88) 
   Multivariable-adjusted HR4 1.0 1.05 (0.72-1.54) 0.96 (0.65-1.42) 0.63 (0.41-0.98) 0.56 (0.36-0.89) 0.002 0.76 (0.62-0.93) 
Type 2 diabetes        
   Cases, n / person-years   133 / 13 668  93 / 13 848 103 / 14 078  91 / 13 995  62 / 14 174   
   Age-adjusted HR 1.0 0.67 (0.52-0.88) 0.74 (0.58-0.96) 0.66 (0.50-0.86) 0.43 (0.32-0.58) <0.0001 0.70 (0.61-0.80) 
   Multivariable-adjusted HR4 1.0 0.63 (0.48-0.82) 0.69 (0.53-0.90) 0.67 (0.51-0.88) 0.48 (0.35-0.65) <0.0001 0.72 (0.62-0.83) 
Cancer        
   Cases, n / person-years   75 / 13 668  91 / 13 848  72 / 14 078  82 / 13 995  82 / 14 174   
   Age-adjusted HR 1.0 1.16 (0.85-1.57) 0.90 (0.65-1.24) 1.02 (0.74-1.39) 0.92 (0.67-1.26) 0.396 0.95 (0.83-1.10) 
   Multivariable-adjusted HR6 1.0 1.16 (0.85-1.58) 0.91 (0.65-1.25) 1.03 (0.75-1.41) 0.94 (0.69-1.29) 0.480 0.96 (0.83-1.11) 
 
1 Test for trend across quintiles by using the median value for each quintile. 
2 Major chronic diseases were defined as CVD, type 2 diabetes, or cancer, whichever occurred first. 
3 Hazard Ratios with 95% confidence intervals in parentheses. 
4 Stratified by age and adjusted for smoking status (non-smoker, former smoker, smoker), alcohol intake (g/d), leisure-time physical activity (h/week), BMI (kg/m2), history of high 
  blood lipid levels at baseline (yes/no), prevalent hypertension at baseline (yes/no), education (vocational training or lower degree vs. trade school, technical school, or university 
  degree), vitamin supplementation, and total energy intake (kJ/d). 
5 CVD was defined as myocardial infarction and stroke. 
6 Model for cancer includes the same covariate-set as models for CVD or types 2 diabetes, except history of high blood lipid levels at baseline or prevalent hypertension at baseline 
  (yes/no). 
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Table 15 Association of the HEI-optimised with cardiovascular diseases (CVD), type 2 diabetes, and cancer among 14 433 women 

enrolled in the EPIC-Potsdam study (1994-2007) 

 Quintiles of the HEI-optimised  

 1 2 3 4 5 p Trend1 
10-point increase 
of the HEI-optim. 

Major chronic disease2        
   Cases, n / person-years  229 / 22 511 196 / 22 794 156 / 22 958 180 / 22 936 175 / 22 777   
   Age-adjusted HR 1.0  0.79 (0.65-0.96)3 0.62 (0.50-0.75) 0.69 (0.56-0.84) 0.66 (0.54-0.80) <0.0001 0.82 (0.75-0.89) 
   Multivariable-adjusted HR4 1.0 0.79 (0.65-0.95) 0.62 (0.51-0.76) 0.69 (0.57-0.85) 0.69 (0.57-0.84) 0.0002 0.83 (0.77-0.90) 
CVD5        
   Cases, n / person-years   35 / 22 511  15 / 22 794  19 / 22 958  41 / 22 936  31 / 22 777   
   Age-adjusted HR 1.0 0.40 (0.22-0.73) 0.48 (0.28-0.85) 1.01 (0.64-1.58) 0.74 (0.45-1.20) 0.875 0.98 (0.80-1.21) 
   Multivariable-adjusted HR4 1.0 0.41 (0.22-0.75) 0.51 (0.29-0.89) 1.06 (0.67-1.68) 0.78 (0.48-1.27) 0.718 1.00 (0.82-1.23) 
Type 2 diabetes        
   Cases, n / person-years   87 / 22 511  76 / 22 794  64 / 22 958  74 / 22 936  54 / 22 777   
   Age-adjusted HR 1.0 0.80 (0.58-1.08) 0.66 (0.48-0.91) 0.73 (0.53-0.99) 0.53 (0.37-0.74) 0.0003 0.76 (0.66-0.87) 
   Multivariable-adjusted HR4 1.0 0.85 (0.62-1.16) 0.69 (0.50-0.96) 0.79 (0.57-1.08) 0.63 (0.45-0.89) 0.009 0.81 (0.70-0.93) 
Cancer        
   Cases, n / person-years  108 / 22 511 105 / 22 794  74 / 22 958  65 / 22 936  90 / 22 777   
   Age-adjusted HR 1.0 0.91 (0.70-1.19) 0.63 (0.47-0.84) 0.54 (0.40-0.73) 0.73 (0.55-0.97) 0.002 0.81 (0.72-0.91) 
   Multivariable-adjusted HR6 1.0 0.90 (0.69-1.18) 0.62 (0.46-0.84) 0.54 (0.39-0.73) 0.73 (0.55-0.97) 0.002 0.81 (0.72-0.91) 
 
1 Test for trend across quintiles by using the median value for each quintile. 
2 Major chronic diseases were defined as CVD, type 2 diabetes, or cancer, whichever occurred first. 
3 Hazard Ratios with 95% confidence intervals in parentheses. 
4 Stratified by age and adjusted for smoking status (non-smoker, former smoker, smoker), alcohol intake (g/d), leisure-time physical activity (h/week), BMI (kg/m2), history of high 
  blood lipid levels at baseline (yes/no), prevalent hypertension at baseline (yes/no), education (vocational training or lower degree vs. trade school, technical school, or university 
  degree), vitamin supplementation, and total energy intake (kJ/d). 
5 CVD was defined as myocardial infarction and stroke. 
6 Model for cancer includes the same covariate-set as models for CVD or types 2 diabetes, except history of high blood lipid levels at baseline or prevalent hypertension at baseline 
  (yes/no). 
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Table 16 Association of a 5-point increase in the single components of the HEI-optimised with risk of chronic diseases in 9098 men 

and 14 433 women (CVD, type 2 diabetes, and cancer) 

Component of the 
HEI-optimised 

Higher score reflects HR (95% CI)1 ββββ-coefficient1 HR (95% CI)2 ββββ-coefficient2 

Coffee Higher intake 0.92 (0.86-0.98) -0.09 0.91 (0.85-0.97) -0.10 
Whole-grain bread Higher intake 0.91 (0.85-0.97) -0.10 0.93 (0.87-0.99) -0.07 
Raw vegetables Higher intake 0.89 (0.80-0.99) -0.11 0.93 (0.83-1.04) -0.07 
Fresh fruit Higher intake 0.90 (0.83-0.98) -0.10 0.95 (0.87-1.04) -0.06 
Red meat Lower intake 0.82 (0.74-0.91) -0.20 0.82 (0.74-0.91) -0.20 
Eggs3 Lower intake 0.84 (0.72-0.99) -0.17 0.87 (0.74-1.02) -0.14 
Butter Lower intake 0.82 (0.74-0.92) -0.20 0.84 (0.75-0.94) -0.18 
 
HR: Hazard Ratio, CI: Confidence Intervals 
 
1 Each component was added into the model individually, stratified by age, and adjusted for sex, smoking status, alcohol intake, leisure-time physical activity, BMI, history of high 
  blood lipid levels, hypertension at baseline, education, vitamin supplementation, and total energy intake.  
2 Each component was mutually adjusted for the other food groups included into the optimised HEI (g/day), age, sex, smoking status, alcohol intake, leisure-time physical activity, 
  BMI, WHR, history of high blood lipid levels or hypertension at baseline, education, vitamin supplementation, and total energy intake. 
3 For the egg-component the association of a 2.5-point increase with risk of chronic diseases was analysed since the maximum score for eggs was 5 instead of 10 points. 
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3.4 Summary of results: Associations of the Healthy Eating Index 

(HEI)-AID, HEI-DGE, and HEI-optimised with risk of major 

chronic diseases 

In the following section the HEI-optimised is compared to the HEI-AID and HEI-DGE 

concerning its association with major chronic disease risk (see Figure 12 (men) and 

Figure 13 (women)). This enable to estimate the potential of chronic disease prevention 

of the refined FBDG and their improvement compared to the current German FBDG. 

 

A 10-point increment in the total HEI-optimised score was associated with a significant 

decrease in risk of overall chronic diseases by 19% in men and 17% in women. In 

contrast, the HEI-AID showed no relationship with chronic disease incidence in women 

while there was a weak and non-significant inverse association in men. In addition, a 

10-point increase in the HEI-DGE score was associated with a significantly reduced risk of 

chronic diseases by 10% in men and a non-significant decrease in risk by 4% in women. 

Hence, the HEI-optimised was considerably stronger inversely associated with risk of 

major chronic diseases than the HEI-AID or the HEI-DGE.  

In particular, the HEI-optimised showed a markedly stronger relationship with risk of 

type 2 diabetes, especially in women (risk reduction per 10-point increment of the 

HEI-optimised: 28% for men and 19% in women). In contrast, the HEI-AID was not 

associated with risk of type 2 diabetes while the HEI-DGE was significantly inversely 

related to type 2 diabetes only in men (13% decrease in risk per 10-point increase of the 

HEI-DGE).  

Furthermore, the association with risk of cancer improved strongly in women (significant 

risk reduction by 19% for a 10-point increment compared to a non-significant decrease of 

cancer risk by ~5% for a 10-point increase in the HEI-AID and HEI-DGE). Still, all three 

indices were not associated with cancer risk in men. 

However, the relationship of the HEI-optimised to CVD risk was not more pronounced 

compared to the HEI-AID and HEI-DGE. That means that in women there was still no 

association with risk of CVD. In contrast, in men the HEI-optimised was inversely related 

to CVD risk to a similar degree as the HEI-AID and HEI-DGE (risk reduction per 10-point 

increment in the total score: 24% for both, the HEI-optimised and the HEI-DGE, and 20% 

for the HEI-AID). 

 

In summary, the HEI-optimised was inversely related to risk of any major chronic disease, 

except of CVD in women and cancer in men. On the contrary, the HEI-AID was not related 

to major chronic diseases, except of an inverse association with CVD risk in men.  
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On the other hand, the HEI-DGE was significantly inversely associated with risk of CVD 

and type 2 diabetes in men only but was unrelated to cancer incidence in both, men and 

women. 

 

 

Figure 12 Association of different HEI scores (per 10-point increment) with risk of 

major chronic diseases in men (n = 9098) 

 
* Major chronic diseases were defined as CVD, type 2 diabetes, or cancer, whichever occurred first. 
 
All models were stratified by age and adjusted for smoking status, alcohol intake, leisure-time physical activity, 
BMI, history of high blood lipid levels or hypertension at baseline, education, vitamin supplementation, and 
total energy intake. 
Model for cancer includes the same covariate-set as models for CVD or types 2 diabetes, except history of 
high blood lipid levels or hypertension at baseline. 
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Figure 13 Association of different HEI scores (per 10-point increment) with risk of 

major chronic diseases in women (n = 14 433) 

 
* Major chronic diseases were defined as CVD, type 2 diabetes, or cancer, whichever occurred first. 
 
All models were stratified by age and adjusted for smoking status, alcohol intake, leisure-time physical activity, 
BMI, history of high blood lipid levels or hypertension at baseline, education, vitamin supplementation, and 
total energy intake. 
Model for cancer includes the same covariate-set as models for CVD or types 2 diabetes, except history of 
high blood lipid levels or hypertension at baseline. 
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4 Discussion 

4.1 Study design - strengths and limitations 

Prospective cohort studies in general, and hence, also the EPIC-Potsdam study, are 

informative for efficiently investigating a wide-range of exposure-disease-associations with 

a temporal relation between exposure, which is assessed at first, and incident outcomes 

occurring during the follow-up period. Furthermore, several exposures or common disease 

endpoints can be studied at the same time [100]. For the present thesis we aimed to 

examine whether a high adherence to German food-based dietary guidelines (FBDG) and 

the consumption of several single food groups are related to the risk of major chronic 

diseases within the EPIC-Potsdam study. The considered endpoints of interest were the 

most frequent and, thus, most important non-infectious chronic diseases in Germany and 

other developed countries, namely CVD (myocardial infarction or stroke), type 2 diabetes, 

and cancer (excluding non-melanoma skin cancer). These single disease endpoints were 

summarised to a combined endpoint called „major chronic diseases“. Therefore, a first-

incident-event approach was used which implies that the first incident event occurring 

during follow-up was counted and multiple chronic diseases occurring at a later date were 

not considered. This approach may help to minimise confounding because people that 

have been diagnosed with a major chronic disease are likely to change their diet and 

lifestyle. We decided to look at overall risk of major chronic diseases because FBDG are 

designed not only to ensure an adequate nutrient supply but also to promote overall good 

health in the general population, including prevention of the major causes of morbidity. In 

addition, universal food recommendations for chronic disease prevention are more 

interesting for the healthy population than targeted recommendations for prevention of 

specific diseases since one does not know which specific disease he or she will get. For 

this reason, we were primarily interested in a global outcome variable, rather than a 

specific disease, although studying specific outcomes may provide valuable insights, e.g. 

with regard to the different disease aetiologies [43]. We did not investigate mortality 

because this is a rather problematic endpoint which tends to be confounded. The 

occurrence of death is usually the result of pre-existing chronic diseases like CVD or 

cancer that could affect the habitual diet. Though, information on pre-existing chronic 

diseases or their treatment is often not adequately considered when studying the relation 

between diet and mortality [43]. Consequently, considering the incidence of chronic 

diseases instead of mortality as the health outcome appears to be more appropriate.  
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Some general advantages of the EPIC-Potsdam study include the high number of 

participants. In fact, with more than 27 000 recruited participants it is the largest 

prospective cohort study on diet and non-infectious chronic diseases in Germany at 

present, which included extensive dietary assessment. The high response rate at the 

follow-up investigations (93-96%) [76] should also be emphasized because this minimises 

bias due to loss-to-follow-up. Thereby, complete data on incident diseases can be 

generated. Self-reports of incident chronic diseases were additionally verified with 

information from the treating physician, medical records, or cancer registries, thus, 

contributing to a higher validity of the data. Still, some undiagnosed or unreported disease 

events could lead to an underestimation of the true number of cases. Further, information 

bias can be produced by either conscious or unconscious misreporting of dietary habits 

and the fact that semi-quantitative food-frequency questionnaires were used to assess the 

diet of the participants (see also 4.2.1). 

Moreover, with a recruitment rate of 22.7% compared to the invited number of people [72] 

the EPIC-Potsdam study is not representative for the general population. A comparison 

with data from a representative health survey conducted in the Eastern part of Germany 

showed that the EPIC-Potsdam participants were characterised by a higher 

socioeconomic status, a more pronounced health consciousness, and a better health 

status than the general population [72]. This kind of selection bias is hardly avoidable 

since, in general, persons that are health consciousness are more frequently willing to 

participate in a health-related study [101]. An additional limitation of cohort studies in 

general and the EPIC-Potsdam study in particular is that it is difficult to study rare 

diseases, such as site-specific cancers, as the number of cases is too small for sufficient 

statistical power [100]. 

 

Nevertheless, the results that can be obtained from cohort studies with long-term follow-

up provide a higher level of evidence compared to other observational study designs, 

such as retrospective or cross-sectional studies. Although, interventional trials are the 

gold standard to draw conclusions about causal relationships and provide the highest 

level of evidence, they are often not feasible to study questions in nutritional 

epidemiology. Indeed, interventional trials are much more costly and extensive to conduct 

compared to cohort studies [100, 102]. Additional difficulties represent ethical concerns, 

the often lacking possibility of allocation concealment, problems with long-term 

compliance of the participants, or the limited external validity of the results [100, 102]. 

That’s why, prospective cohort studies are a well-suited study design that is frequently 

used in nutritional epidemiology. 
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4.2 Discussion of methods 

4.2.1 Assessment of dietary exposure  

At baseline, the habitual diet of the EPIC-Potsdam participants was assessed with a self-

administered semi-quantitative food-frequency questionnaire (FFQ), which enquired 

intake of 148 food items during the preceding twelve months [72].  

FFQs are often used in epidemiological studies, particularly in large-scale prospective 

cohort studies, as they can be applied easily, quickly, and cost-efficiently without a high 

burden for the respondent to get information on common dietary habits or patterns [100, 

101]. In addition, FFQs are suitable to rank participants according to their dietary intake 

[103].  

Though, neither the FFQ nor other dietary assessment methods are without limitations. 

For example, the FFQ demands from the participants a good memory to recapitulate the 

food consumption of the last twelve months. With increasing number of foods included 

into the FFQ the burden for the respondent rises when completing the questionnaire. 

Therefore, the FFQ is restricted to the most common foods which have been chosen 

based on their contribution to total variance in food and nutrient intake. Hence, it is not 

possible to assess the total dietary intake as uncommon foods are not captured by the 

FFQ. In addition, the portion sizes or frequencies are often inaccurately estimated and 

may be consciously or unconsciously over- or underreported [100]. A validation study of 

an EPIC-Potsdam sub-sample revealed that energy intake was underreported by 22% on 

average [83]. Within EPIC-Potsdam, obesity was a major determinant of energy 

underreporting [104, 105]. If underreporting occurs to an increased extent in a specific 

subgroup, this can result in biased estimations of the association between dietary factors 

and incident chronic diseases. Thus, the quantitative food intake estimated by the FFQ 

should be considered as an approximation of the real intake. 

 

Validation studies were conducted during the recruitment phase of the EPIC-Potsdam 

study to assess the reproducibility and validity of the baseline FFQ concerning energy, 

micro- and macronutrient, and food group intake [80-83]. The FFQ applied in EPIC-

Potsdam at baseline resulted in reproducible estimates of food group intake. Still, the 

relative validity of the estimated food group intake, which was reflected in the correlation 

between intake estimates from the FFQ and repeated 24-h dietary recalls, was rather 

moderate as large day-to-day variation in food group intake complicated the evaluation of 

the FFQ validity [82]. 
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4.2.2 Assessment of compliance with German food-based dietary 

guidelines using dietary indices 

The degree of adherence to German food-based dietary guidelines (FBDG) issued by the 

AID and DGE was calculated by means of diet quality scores, called the Healthy Eating 

Index (HEI)-AID and HEI-DGE. These indices were similarly developed as the US-

American HEI from the USDA, which is among the best known and most common 

measures to evaluate dietary quality. The HEI-AID and HEI-DGE differs from the US-HEI 

as they are based on German FDBG and are solely food-based, i.e. they do not include 

nutrient components. 

 

One general advantage of diet quality indices is that adherence to dietary guidelines can 

be expressed in one figure and that it is feasible to evaluate dietary guidelines concerning 

their potential of disease prevention. Furthermore, this approach enables taking into 

account the complexity of dietary habits and interactions between single foods and 

nutrients. However, it is not possible to draw conclusions about the individual composition 

of the diet as a certain total score value can be achieved by different compositions of 

single component scores. Therefore, also the role of single components, i.e. food groups, 

which constitute to the overall score, was studied. Still, dietary indices depend on many 

arbitrary choices like the selection of components to be included into the score and the 

scoring or weighting methods of the single score components, which may affect their 

ability to predict chronic diseases [70, 106-108]. 

 

An advantage of the HEI-AID and HEI-DGE in particular is that the single component 

scores were calculated proportional to the intake instead of using simple cut-off values. 

Thereby, a balanced diet was assessed in more detail. A further strength of the HEI-AID 

and HEI-DGE is the integration of a score deduction to account for over-consumption of 

energy-rich foods and extra points for beneficial food groups like beverages, fruits, and 

vegetables. In addition, the German FBDG were adapted to the individual energy 

requirement to avoid recommending an unfavourable total energy intake. Still, a valid 

estimation of the actual energy requirement might have been constrained by the fact that 

the physical activity level was assessed based on self-reports in the baseline 

questionnaire. As mentioned above, the score is based on consumption of foods only; 

nutrient intakes were not considered. A general advantage of food-based dietary indices is 

that they retain the complexity of food including several essential and non-essential 

nutrients and their complex interactions. Furthermore, food intake can be easier and more 

accurately assessed than nutrient intake using FFQs.  
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However, self-administered FFQs are also known to have their limitations, particularly with 

regard to estimating food quantity [109]. Thus, the HEI score values which were 

calculated based on FFQ data should be interpreted as ranking variables and not as 

reflecting true food intake. In general, misclassification of dietary intake may lead to a 

reduced ability to detect true associations (see also discussion in [77, 89]).  

In addition, only baseline dietary data were considered which does not allow taking into 

account the effect of changes in dietary habits that might have occurred during the 

follow-up period. Yet, we do not expect marked alterations in dietary habits of healthy 

middle-aged persons within 8 years of follow-up. In the Nurses’ Health Study and the 

Health Professionals Follow-up Study—two large American cohort studies with extensive 

dietary assessment at regular intervals—it was possible to include repeated information 

on diet during the follow-up period using the cumulative average method. Still, the results 

observed between the American HEI and major chronic diseases were similar to our 

findings (see 4.3.1 or [55, 56, 64]), which can be taken as a hint that a single dietary 

assessment at baseline may yield valid results.  
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4.3 Discussion of results 

4.3.1 Adherence to German food-based dietary guidelines and risk of 

chronic diseases 

In order to evaluate the current German food-based dietary guidelines (FBDG) concerning 

their potential of chronic disease prevention, it was examined whether a high compliance 

with these recommendations, which was calculated using a Healthy Eating Index (HEI) 

(see 2.2.1 and 4.2.2), is actually associated with a decreased risk of major chronic 

diseases.  

Our results indicated that adherence to recommendations of the German AID-Food 

Pyramid [3], as measured by the HEI-AID score, was not associated with risk of major 

chronic diseases, except of CVD in men. Men in the highest quintile of the HEI-AID score 

showed a more than 40% reduced risk of CVD compared to men in the lowest score 

quintile. On the contrary, in women the HEI-AID was not related to CVD risk. The inverse 

associations observed with type 2 diabetes risk in men and women in the crude model 

were attenuated after multivariable-adjustment, especially after inclusion of BMI. One 

could argue that anthropometric characteristics, in particular the BMI, are more a 

consequence than the cause of specific dietary habits. Previous analyses including data 

from this study showed that for instance a high intake of fruit, vegetables, or cereal fibre is 

inversely related to subsequent weight gain [110, 111]. Consequently, BMI could also be 

considered as an intermediate variable so that models that are not adjusted for BMI may 

also be acceptable. At this stage, we opted for the more conservative model including 

BMI. Still, also models without BMI were calculated and it was mentioned in the results 

section if inclusion of BMI markedly changed the risk estimate. Moreover, the inclusion of 

BMI into the Cox regression models can help to consider the fact that persons with a 

higher BMI were more likely to underreport their dietary energy intake, which could have 

affected the proportion of food groups in total dietary intake [104]. Looking at overall 

cancer risk, relationships with the HEI-AID score could be identified neither in the crude 

nor in the multivariable-adjusted models. This absence of a risk-relationship was observed 

in both, men and women [77].  

Unlike the HEI-AID, the HEI-DGE score, which measures compliance with 

recommendations of the DGE-Nutrition Circle [4], was inversely associated with the risk of 

overall chronic diseases, particularly CVD and type 2 diabetes, in men. Cancer risk, 

however, was not related with the HEI-DGE which might be explained by the fact that 

many cancer sites are rather affected by non-dietary factors, such as smoking, alcohol 

intake, overweight, hormones, and inflammation, per example.  
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Comparable to the HEI-AID, the associations with risk of major chronic diseases were 

more pronounced in men than in women with no significant associations in women. 

Potential reasons for the lack of statistically significant risk-relationships in women are that 

women, especially the overweight, tend to misreport their dietary intake in questionnaires, 

rather than men [112, 113]. Furthermore, a healthier lifestyle or residual confounding (i.e. 

unmeasured variables) might reduce the additional benefit from a healthy diet in women. 

However, previous EPIC analyses have not generally shown that diet has a minor 

importance in women compared to men [89]. Therefore, it can be assumed that the 

dietary pattern suggested within the German FBDG is not optimal in terms of chronic 

disease prevention in women. 

The weaker association of the HEI-AID with risk of type 2 diabetes and major chronic 

diseases in men compared to the HEI-DGE may be due to different food groupings. In the 

AID-Food Pyramid foods with different nutritional value are combined since they are 

similar concerning their content of certain nutrients, e.g. meat/sausage, fish, and eggs as 

well as fat and oil. The DGE-Nutrition Circle, in contrast, provides separate 

recommendations on these foods. This is also reflected by the examination of the single 

food groups contributing to the HEI-AID and HEI-DGE score. On the one hand, among the 

components of the HEI-DGE a lower consumption of meat, added fat, or eggs was shown 

to be significantly inversely related to overall chronic disease risk. On the other hand, no 

association between the single food groups contributing to the HEI-AID with risk of major 

chronic diseases could be identified, except an inverse association with consumption of 

sweets and snacks. A more detailed investigation of this unexpected result showed that 

this finding was confined to women, especially the obese. Hence, it appears that reporting 

bias might be responsible for this result since women and persons with overweight or 

obesity are more likely to under-report their food intake, in particular foods rich in fat and 

sugar [104, 113, 114]. If obese women with a higher risk of chronic diseases selectively 

under-report their sweet-intake, spurious inverse risk relations could arise. Moreover, a 

possible effect of unmeasured confounding variables (residual confounding) as a further 

explanation for this observation can not be excluded.  

 

Similar to our study, the Nurses Health Study and the Health Professionals Follow-up 

Study showed that the US-Healthy Eating Index (HEI) that measures adherence to 

American dietary guidelines was relatively weakly associated with overall risk of chronic 

diseases. In the US analyses, chronic disease was defined as the combination of CVD, 

cancer, or non-traumatic deaths. Concerning single endpoints, the US-HEI was primarily 

related to a lower CVD risk, which was more pronounced in men than in women.  
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In addition, the US-HEI was not related to cancer in both, men and in women [55, 56], 

which is also similar to our results.  

When investigating the impact of single components of the US-HEI, in men the 

component “saturated fat” (representing lower intakes) was most strongly related to a 

reduced risk of major chronic diseases [55]. Conversely, in women lower cholesterol 

intake was consistently inversely associated with major chronic disease risk, also after 

simultaneous adjustment for the other score components [56]. This is in agreement with 

our findings concerning the HEI-DGE components which show that lower intakes of butter, 

eggs, and meat (reflecting also a lower intake of animal fat, i.e. saturated fat and 

cholesterol) were inversely related to overall chronic disease risk. 

The Dietary Guidelines Index (DGI) that assesses the adherence to the 5th edition of 

Dietary Guidelines for Americans was associated with a 15% reduction in overall cancer 

risk (in the highest compared to the lowest score quintile). However, this association was 

not persistent after excluding non-dietary factors, namely BMI and physical activity, from 

the index [51]. Accordingly, non-dietary factors seem to mainly influence overall cancer 

risk. 

Similar to the HEI-AID, an updated version of the US-HEI was significantly inversely 

related with risk of type 2 diabetes risk among men in the Health Professionals Follow-up 

study in an age-adjusted model but not after multivariable-adjustment [64]. Conversely, 

the Diet Quality Index, which is also based on the Dietary Guidelines for Americans, was 

not related to type 2 diabetes, also without adjustment for BMI [66]. 

The PNNS-GS score that measure the adherence to French dietary guidelines was not 

related to incidence of chronic diseases (i.e. CVD, cancer, and death) and cancer but 

inversely associated with risk of CVD [68]. This finding is also in accordance with our 

results for the HEI-AID. 

 

In summary, our results indicate that adherence to food recommendations of the 

DGE-Nutrition Circle provide a higher potential of chronic disease prevention than 

compliance with recommendations of the AID-Food Pyramid. Yet, it appears that the 

overall association between adherence to the German Nutrition Circle and chronic 

disease risk is driven by some specific foods or food groups. Consequently, a special 

emphasis on certain foods or a more differentiated look at food groups with respect to 

their health effects appears to be reasonable (see 4.3.2).  
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4.3.2 Association of 45 single food groups with risk of chronic 

diseases 

The results of the previous analyses that addressed the associations between compliance 

with German FBDG and risk of chronic diseases indicated that a more specific dietary 

guidance is warranted in terms of food-based prevention. Therefore, the major food 

groups considered within the Food Pyramid and Nutrition Circle were divided into several 

more specific subgroups based on prior knowledge on their different health effects 

(e.g. different types of meat) or nutritional value (e.g. fibre content in cereal products, fat 

content in dairy products, content of energy or stimulating substances within beverages). 

Thereby, we ended up with 45 single food groups that have been analysed systematically 

in relation to major chronic diseases (i.e. CVD, type 2 diabetes, cancer), which can be 

regarded as an innovative approach to identify promising foods to be incorporated into 

refined FBDG as well as an optimised Healthy Eating Index. To avoid over-interpretation 

of findings that could be restricted to this specific data set, only associations that had been 

supported by previous studies were considered to be included into refined 

recommendations. Furthermore, it is important that the effect of single food groups is 

strong enough to result in significant dose-response relationships with the combined 

endpoint (i.e. overall chronic disease risk) instead of just one single endpoint as this also 

limits the chance of false-positive results (type 1 error). Consequently, it was focussed on 

linear associations of food group intake (modelled continuously) with risk of overall chronic 

diseases. On the contrary, modelling food group intake in categories (quantiles) may 

provide valuable insights into non-linear or U-shaped associations. However, the 

examination of diet-disease-relationships across several separate categories of food 

intake raises the probability of chance findings. Furthermore, according the Bradford-Hill-

Criteria for causality [115] linear dose-response-relationships are of greater interest 

compared to U-shaped associations. 

 

In summary, our analysis of 45 single food groups revealed ten candidate foods that were 

significantly related to overall chronic disease risk. Among these foods, whole-grain bread, 

raw vegetables, fresh fruit, coffee, and cakes and cookies were inversely associated with 

risk of chronic diseases. Conversely, low-fat dairy, butter, red meat, sauce, and eggs 

showed positive associations with chronic disease risk. The findings for this ten candidate 

food groups are discussed in the following paragraphs and compared with the evidence 

from other studies. 
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Some foods were also found to affect the incidence of single outcomes but not overall 

chronic disease occurrence, like for instance nuts and sweet bread spreads (inverse 

association with type 2 diabetes), or pizza (inverse association with cancer but positive 

relation to CVD). These results are not discussed further as the main focus was to identify 

foods that promote general good health, i.e. contribute to prevention of overall chronic 

disease risk.  

 

In analyses that were based on EPIC-Potsdam data, too, Schulze et al. could already 

identify whole-grain bread, coffee, and red meat as independent predictors of type 2 

diabetes [93]. The inverse association between coffee consumption and risk of type 2 

diabetes was confirmed by a recent analysis within EPIC-Germany [116]. In addition, it 

was shown within the EPIC study that high intakes of whole-grain bread, fruits and 

vegetables, or low intake of red meat is contributing to a decreased risk of major chronic 

diseases [91, 117-119]. There is also a large body of external evidence that is in favour of 

these findings. 

 

In our study, an increased whole-grain bread intake was associated with a decreased 

risk of major chronic diseases, in particular type 2 diabetes.  

This observation of an inverse relationship between whole-grain consumption and risk of 

type 2 diabetes was further supported by several systematic reviews [39, 92, 120, 121]. 

Additionally, a reduced risk of obesity, CVD, and metabolic syndrome among persons with 

high whole-grain consumption was reported [39, 121]. In the DGE guideline on 

carbohydrates published in 2011 the authors came to the conclusion that based on the 

results of a systematic literature review there is probable evidence for an inverse 

association between intake of fibre (in particular cereal fibre) and risk of type 2 diabetes 

[39]. Beyond that, the World Cancer Research Fund (WCRF) panel concluded that there 

is probable to convincing evidence that high intake of whole-grain foods protect against 

colorectal cancer [35, 38].  

These beneficial effects of whole-grain foods are attributable to their high content of cereal 

fibre, vitamins, minerals, lignans, and other phytochemicals [92]. Fibre, for example, helps 

to control blood glucose levels and insulin secretion after food digestion, which may help 

to improve insulin sensitivity, thereby contributing to a lower risk of type 2 diabetes [121]. 

In addition, lignans are discussed to have antioxidant or (anti)estrogenic effects [92]. 
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In addition, our results indicate that raw fruits and vegetables are more beneficial for 

prevention of chronic diseases, including type 2 diabetes, CVD, and cancer, than 

processed variants of these foods.  

Combined evidence from the literature in general showed that fruits and vegetables 

consumption protects against weight gain, hypertension, and CVD [36], or cancers of the 

upper gastrointestinal tract (mouth, larynx, pharynx, oesophagus), stomach cancer, and 

lung cancer (fruits only) [35-37]. Previous studies, however, mostly did not examine 

whether processing (in particular cooking) of fruits and vegetables might influence their 

health effects. Griep et al. is one of the investigators who addressed this question in a 

Dutch cohort study. In this study raw but not cooked vegetables were inversely related to 

stroke [95] whereas food processing did not affect the inverse association of fruits and 

vegetables with risk of coronary heart disease [122]. In contrast to the present study, 

previous reviews showed no significant benefits of increasing the total amount of fruits 

and vegetables with respect to type 2 diabetes risk [36, 123]. However, the studies 

included in these reviews usually did not distinguish between raw and cooked vegetables. 

Though, a inverse association of intake of green leafy vegetables with risk of type 2 

diabetes was reported [123]. A review by Link et al. suggested that the inverse 

relationship of vegetables with risk of cancers of the stomach and the upper 

gastrointestinal tract may be stronger for raw than for cooked vegetables [94]. The studies 

included into this review were, however, limited to some degree because there was a 

large variation in the classification and portion sizes of cooked and raw vegetables, which 

was also the case in the EPIC-Potsdam study. 

The general mechanisms behind the protective effects of fruits and vegetables for 

prevention of chronic diseases, in particular cancer, have been well explored. For 

instance, antioxidants (carotenoids, vitamin C) that are included in fruits and vegetables 

are known to scavenge free radicals and reactive oxygen molecules, thereby protecting 

DNA and other molecules against oxidative damage. Other substances like bioactive 

phytochemicals (flavonoids or glucosinolates) also have antioxidant or anticarcinogenic 

activities [35]. Based on our findings and those of other studies the question is now arising 

how food processing, such as cooking, might affect the relationship between vegetable 

consumption and risk of cancer and other chronic diseases. One possible explanation is 

that cooking decreases the content of water-soluble and heat-sensitive nutrients, e.g. 

vitamin C and β-carotene. On the other hand, heating of vegetables positively influences 

the bioavailability of certain carotenoids (e.g. lycopene in tomatoes or β-carotene in 

carrots or spinach) [94]. Though, the absolute amount of carotenoides is decreased by 

cooking [94]. With regard to fruits, canned fruits also contain high amounts of added sugar 

compared to fresh fruit, which could explain the difference in the observed health effects.  
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Within the group of beverages, coffee showed the strongest relationship with major 

chronic disease risk. Specifically, a one-serving increment (150 g) per day was associated 

with a 5% decrease in risk of type 2 diabetes.  

Similar to us, Huxley et al., who reviewed 18 studies on the relationship between coffee 

consumption and risk of type 2 diabetes, found that every additional cup of coffee per day 

was significantly associated with a 7% reduction in type 2 diabetes risk. In addition, 

Huxley et al. observed a similar significant and inverse association of de-caffeinated 

coffee with risk of type 2 diabetes [124]. In our study we could not identify an effect of 

de-caffeinated coffee on type 2 diabetes incidence as the majority of our participants do 

not consume de-caffeinated coffee (see appendix, Table 24). Unlike type 2 diabetes, 

there is little evidence that coffee consumption affects the risk of other chronic diseases, 

like CVD or cancer, as reported in a critical review by Higdon et al. [99]. The authors 

therefore concluded that moderate consumption of coffee (3-4 cups/day) seem to have no 

adverse effects but some benefits as there is evidence for a reduced risk of type 2 

diabetes [99]. 

Different putative mechanisms have been discussed to be responsible for the protective 

effect of coffee consumption on type 2 diabetes risk. First, caffeine may increase 

thermogenesis and basal metabolic rate and, thus, prevent weight gain [125, 126]. As 

previous studies also found de-caffeinated coffee to be associated with type 2 diabetes 

risk it is likely that the protective effect of coffee involve a broader range of chemical 

constituents, such as chlorogenic acid, magnesium, and theophylline [124-126]. 

Chlorogenic acid is a polyphenol and a major ingredient of coffee with antioxidant 

properties, which has been also described to reduce glucose absorption in the intestine 

and plasma glucose concentration. Furthermore, magnesium and theophylline may 

increase insulin sensitivity and stimulate β-cells [125, 126]. 

 

Concerning dairy products (i.e. milk, yoghurt, and curd), the results from the EPIC-

Potsdam study suggest that unlike the advice of the German Nutrition Society [4, 33] low-

fat products may not be the healthier choice. Specifically, we found that one additional 

daily serving of low-fat dairy products (100 g) is related to a 3% elevated risk of chronic 

diseases and type 2 diabetes. However, almost one third of the cohort reported to be non-

consumers of low-fat dairy. If intake of low-fat dairy was investigated in categories, namely 

tertiles, no significant associations could be observed. On the other hand, high-fat dairy 

products showed a U-shaped relationship with type 2 diabetes with an indication of a 

protective effect for a moderate intake - an observation that is not confirmed by other 

studies.  
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Though, it is to say that most studies investigating the health effects of dairy do not look at 

separate types of dairy. The analyses that distinguished between low- and high-fat dairy 

could not confirm our findings. In a recent meta-analysis Tong et al. concluded that the 

intake of dairy, especially low-fat dairy, has a beneficial effect on the risk of type 2 

diabetes [127].  

Still, there is no reason to assume that high-fat dairy products including milk, yoghurt, or 

cheese are an unhealthy choice as they are characterized by a beneficial fatty acid profile, 

including for instance conjugated linoleic acids and branched-chained fatty acids, which 

may compensate the increased content of saturated fatty acids [128]. Besides, the 

consumption of high-fat dairy improves the bioavailability of fat-soluble vitamins, e.g. 

vitamin A. Nevertheless, an external verification of our findings is lacking. Thus, dairy was 

not addressed when deriving suggestions for refinement of the current national FBDG. 

 

On the other hand, we found that intake of butter, another dairy product that is, however, 

consisting of ~80% of fat (mainly saturated fat), was directly associated with risk of chronic 

diseases, specifically CVD. There was also a tendency for a slight increase in risk of 

type 2 diabetes and cancer.  

The number of studies that support evidence on the health effects of butter is small. 

Ellwood et al. could identify only five cohort studies that examined butter consumption as 

possible risk factor for CVD, which in general did not reveal statistically significant 

associations [129]. Still, the saturated fatty acids from butter have been discussed to be 

highly atherogenic [130]. In the Nutrition Evidence Library (www.nel.gov) published by the 

USDA, the overall conclusion on the health effects of saturated fatty acids was that there 

is strong evidence that dietary saturated fatty acids are directly associated with increased 

risk of CVD via an increase of serum total cholesterol and LDL cholesterol [131]. 

Additionally, saturated fatty acids are linked to an increased risk of type 2 diabetes via 

increased markers of insulin resistance [131]. The evidence further shows that a five 

energy-% decrease in saturated fatty acids, replaced by monounsaturated fatty acids or 

polyunsaturated fatty acids, is associated with a decreased risk of CVD and type 2 

diabetes in healthy adults [131]. Although these findings are based on studies at the 

nutrient level, there is reason to assume that rather soft margarines with low trans-fatty 

acid content should be preferred over butter when choosing fat spreads [132, 133]. Our 

findings also imply that moderate margarine consumption may be associated with lower 

risk of CVD. Likewise, a number of previous studies have also shown that intake of butter 

lead to higher blood concentrations of LDL- and total cholesterol compared to the 

margarine [134-136].  
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Another food group with an often relatively high fat content is sauces. Intake of sauces 

was shown to be directly associated with incidence of major chronic diseases, in particular 

cancer, independent from the intake of other food groups.  

We could identify only one study by Wirfält et al. that found a positive association between 

intake of dried soups/sauces (including ready-made porridge, industrialized soup, sauces, 

and formula foods) and risk of breast cancer in a Swedish cohort study [137]. The authors 

stated that this observation might be explained by the fact that processed foods like dried 

sauces are major sauces of trans-fatty acids in Sweden.  

In general, sauces are a quite heterogeneous food group so that no general dietary 

recommendation is feasible. In our study, the following foods were assigned to the food 

group “sauces”: salad dressing/cream/crème fraiche/mayonnaise, ketchup, sauce eaten 

with meat/fish, or sauce eaten with vegetables. When splitting up this food group into 

separate food items, the overall health effect of sauce was explained by sauce eaten 

together with meat or fish. Since meat is eaten in much higher amounts than fish one can 

assume that mainly fat and fat soluble substances from meat which migrate to the sauce 

are responsible for this effect.  

 

The consumption of meat itself, specifically red meat, was also consistently associated 

with an increased risk of chronic diseases, including type 2 diabetes and cancer.  

The most recent meta-analysis by Pan et al. including nine prospective cohort studies 

showed that one serving (100 g) of unprocessed red meat is associated with a 19% 

increased risk of type 2 diabetes [96]. The two previous meta-analyses by Micha et al. 

[138] and Aune et al. [97] reported similar risk estimates although the pooled risk estimate 

in the analysis by Micha et al. did not reach the level of statistical significance. Taken 

together these three meta-analyses additionally showed that intake of processed red meat 

was even stronger associated with type 2 diabetes risk than unprocessed red meat [96, 

97, 138]. Though, Pan et al. detected a significant publication bias for processed red meat 

[96]. In our analysis processed meat was significantly associated with risk of type 2 

diabetes only in models that were not adjusted for BMI. In addition, the World Cancer 

Research Fund (WCRF) concluded that there is convincing evidence from the literature 

that red and processed meat is a cause of colorectal cancer [35, 38].  

The adverse effects of red meat on type 2 diabetes risk can be explained by its high 

amount of haem-iron which may act as a pro-oxidant that catalysis the cellular production 

of reactive oxygen species and increases the level of oxidative stress. This may cause 

damages of tissues, in particular the pancreatic β-cells [96]. Furthermore, an elevated iron 

status may interfere with glucose metabolism and reduce pancreatic insulin synthesis and 

secretion [97]. Hence, high body iron status has been shown to be related to an elevated 
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risk of type 2 diabetes [96]. Other possible mechanisms can, for example, involve 

increased levels of inflammatory mediators with high meat intake [97]. Last but not least, 

cooking or frying meat at high temperatures results in the formation of mutagenic 

compounds, such as heterocyclic amines [139] or polycyclic aromatic hydrocarbons, that 

may cause colon cancer in people with a genetic predisposition [38]. 

 

In contrast to meat, for fish no significant relationships with any disease endpoint could be 

detected within EPIC-Potsdam. This is contrary to previous evidence that showed that 

long-chain n-3 fatty acids (e.g. from fatty fish) contributes to primary CVD prevention [41].  

One reason for the lack of statistically significant associations in EPIC-Potsdam might be 

that fish is not consumed very regularly in this cohort. It is furthermore to note that the 

assessment of fish consumption was relatively crude. In fact, it was captured by just two 

questions in the baseline FFQ that also did not distinguish between types of fish, like for 

instance lean vs. fatty fish or fresh-water vs. sea fish. 

 

Another animal product that was found to be related to overall risk of chronic diseases is 

eggs. In particular, a non-linear association with CVD risk in the total cohort and a linear 

association with cancer risk in women have been observed.  

The USDA suggested in their Nutrition Evidence Library that there is moderate evidence 

from epidemiological studies that dietary intake of cholesterol, as mainly supplied by eggs, 

is related to CVD risk [140]. An important distinction is that particularly among individuals 

with prevalent type 2 diabetes, increased dietary cholesterol intake is associated with 

CVD risk [140]. The studies on the effect of egg intake on serum cholesterol are, however, 

confounded by the inheritable condition of being a hyper- or hypo-responder to cholesterol 

intake [130]. In the WCRF 2007 report, the panel concluded that evidence concerning the 

link between egg intake and cancer occurrence is too limited to draw any conclusions [35]. 

More recent epidemiological studies, however, suggested that egg consumption may be 

associated with an increased risk of colorectal cancer [141, 142] and some other cancer 

sites like the upper aero-digestive tract [142], lung [142], prostate [142], breast [142-144], 

or ovarian [145], whereas others reported non-significant associations between egg intake 

and breast or endometrial cancer risk [146-148].  

A possible role of cholesterol in the aetiology of these diseases was suggested [141, 142]. 

Furthermore, the observed associations between intake of eggs and risk of chronic 

diseases might be due to the fact that eggs seem to be a marker of a generally less 

healthy diet. Additional prospective cohort studies are necessary to draw more definite 

conclusions about the association between intake of eggs and cancer. 
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Finally, when looking at the major group of sweets and snacks, especially the 

consumption of cakes and cookies was found to be inversely associated with risk of 

chronic diseases, including type 2 diabetes and cancer.  

In the literature, we could identify only one article based on data of the Nurses Health 

Study that briefly reported that amongst others homemade pie and cake were inversely 

related to type 2 diabetes in women with a BMI<29 [149]. Beyond that, an inverse 

relationship between cakes and cookies and risk of substantive weight gain was recently 

observed in the EPIC study [150]. At present, the scientific evidence on the long-term 

health effects of cakes and cookies consumption is still very limited. Thus, it is not 

reasonable to give recommendations on cakes and cookies consumption at this time.  

In our analyses it was shown that the health effects of cakes and cookies were more 

pronounced in women, in particular with regard to cancer risk. This could be due to the 

fact that women, especially those with higher BMI, tends to selectively misreport intake of 

social undesirable foods more than men [112, 113].  

Nevertheless, a biological plausibility for our results can not be ruled out. It may be, for 

example, that persons with higher intake of cakes and cookies are generally more 

satisfied with their life and health. Therefore, a sensitivity analysis was conducted where 

satisfaction with life and health was additionally included into the regression models. 

However, this did not affect the observed risk estimate, which implies that these variables 

may not be the explanation for our findings. Another potential biological mechanism was 

suggested by a recent randomised interventional weight loss program in obese adults 

from Israel. Thereby, Jakubowicz et al. found that participants eating sweets for breakfast 

experienced improved maintenance of weight reduction compared to those advised to 

restrict their sweets intake [151]. The stronger weight loss was accompanied by beneficial 

effects on insulin metabolism. These findings were explained by the fact that participants 

being allowed to eat sweets for breakfast showed lower cravings, especially for sweets 

and snacks, and a stronger suppression of the hormone ghrelin, an appetite stimulant, 

after the meal [151]. However, this still do not explain why cakes and cookies may be 

more beneficial than other sweets. More research on this particular issue is necessary. 

 

To sum up, whole-grain bread, fresh fruit, raw vegetables, coffee, red meat, butter, and 

eggs have been linearly related to the incidence of chronic diseases in the EPIC-Potsdam 

study - a finding that is generally in line with previous studies. Consequently, these food 

groups can be used to derive ideas for improvement of the current German FBDG. 

Furthermore, low-fat dairy, sauce, and cakes and cookies were found to be associated 

with chronic disease risk but due to the lack of adequate evidence from other studies it 

was decided to do not include these foods in the refined FBDG.  
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4.3.3 Suggestion for improved food-based dietary guidelines and their 

association with risk of chronic diseases 

As described in the preceding chapter (4.3.2), whole-grain bread, fresh fruit, raw 

vegetables, coffee, red meat, butter, and eggs have been found to be associated with risk 

of chronic disease in our as well as in other studies. Consequently, these food groups are 

promising candidates for refinement of the current German food-based dietary guidelines 

(FBDG) in terms of chronic disease prevention.  

Quantitative recommendations for the intake of the selected candidate foods were derived 

based on the existing FBDG by the German Nutrition Society (DGE) to avoid that the 

definition of intake quantities is too arbitrary. These refined food recommendations were 

used as the basis for the calculation of an optimised Healthy Eating Index that estimates 

the compliance of the individual diet with these recommendations.  

 

Compared to the HEI-AID and HEI-DGE, the HEI-optimised was markedly stronger 

inversely associated with risk of major chronic diseases. The improvement of the potential 

of preventing major chronic diseases was observed in men as well as in women, but was 

particularly pronounced among women. This is driven by a noticeably stronger inverse 

association of the HEI-optimised with risk of type 2 diabetes in both sexes and cancer in 

women. However, the association with risk of CVD was not more pronounced compared 

to the HEI-AID and HEI-DGE. 

 

The HEI-optimised showed a significant effect modification by sex with respect to CVD 

and cancer risk. This was reflected by the observation that the strong inverse relation of 

the HEI-optimised with risk of CVD was restricted to men while the significant inverse 

association to cancer risk was found in women only.  

One possible explanation for these effect modifications may be that the dietary 

recommendations included into the HEI-optimised need further improvement concerning 

prevention of CVD in women and cancer in men, respectively.  

Additionally, the sex-specific associations with risk of CVD might be due to the fact that in 

women a higher number of incident cases of CVD, in particular myocardial infarction, are 

not detected because women often show atypical and diffuse symptoms or even no 

symptoms at all [152]. Hence, in the Framingham study more than one fourth of 

myocardial infarctions were diagnosed belated only because of routine 

electrocardiographic examinations. The proportion of unnoticed myocardial infarctions 

was higher in women than in men [153]. Furthermore, clinical manifest CVD develops 
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7-10 years later in women compared to men, possibly due to the effect of endogenous 

estrogens in delaying the onset of atherosclerosis [154]. 

On the other hand, the effect modification by sex concerning the relation of the HEI-

optimised to cancer risk may be due to sex-specific cancer sites (e.g. breast cancer) or 

sex-specific cancer rates. An examination of single cancer sites in a larger study sample 

could provide deeper insight into this matter. 

 

Even though in general relatively distinctive relationships of the HEI-optimised score with 

risk of major chronic diseases could be observed, the scoring method can be criticized 

since it includes some subjective decisions. Though, the quantitative recommendations 

that were integrated into the HEI-optimised were defined in close orientation to the 

existing FBDG by the German Nutrition Society to be more objective. Furthermore, the 

same scoring algorithm as for the HEI-AID and HEI-DGE was applied, which allows the 

direct comparison with the HEI-optimised to estimate the degree of improvement 

concerning chronic disease prevention. Nevertheless, the improvements in the potential of 

chronic disease prevention that were observed for the HEI-optimised should be 

interpreted with caution as the HEI-optimised was derived based on the significant diet-

disease-relationships observed in the same study population. Consequently, this yields in 

a significant association of the HEI-optimised with overall chronic disease risk. Yet, only 

those foods were included into the HEI-optimised for which external evidence from other 

studies was present that they are related to major chronic disease risk. Thereby, it is 

avoided that the HEI-optimised only relies on findings that are restricted to the EPIC-

Potsdam study. Still, an external validation of the associations observed for the HEI-

optimised is desirable. 

 

Nevertheless, the Alternate Healthy Eating Index (AHEI) which, up to now, seems to be 

the hypotheses-based dietary index described in the literature showing the best chronic 

disease prediction was developed by a similar approach. After the initial HEI that was 

based on the 4th edition of Dietary Guidelines for Americans was associated with only a 

small reduction in major chronic disease risk, it was concluded that greater reductions in 

risk are possible with a more specific dietary guidance [57, 58]. Therefore, the AHEI was 

developed that incorporates some aspects of the original HEI (e.g. fruits and vegetables) 

and additionally captures specific dietary behaviours that have been consistently 

associated with lower risk of chronic diseases in clinical and epidemiological 

investigations, e.g. the ratio of red to white meat, cereal fibre, trans fat, or alcohol [57, 58]. 

This AHEI was tested in the same study samples as the original HEI, specifically the 

Nurses Health Study and the Health Professionals Follow-up Study, which is similar to our 
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method of developing an optimised HEI. Though, only foods and no nutrients were 

considered for the HEI-optimised, which is in contrast to the AHEI. The reason for this 

decision was that people do not eat isolated nutrients but complex foods containing a 

variety of nutrients that may interact with each other. It is also important to keep in mind 

that nutrient recommendations are hard to interpret for the layperson whereas clear 

messages on food consumption can be easily communicated. 

In comparison to the AHEI, it appears that the HEI-optimised is more efficient in predicting 

major chronic diseases. When looking at separate outcomes, the HEI-optimised showed a 

considerably stronger inverse relationship with type 2 diabetes in men and cancer in 

women. When comparing the highest vs. lowest quintile, the HEI-optimised showed a 

~50% decrease in type 2 diabetes risk in men compared to a 23% decrease that was 

observed for the AHEI [64]. In women, participants in the highest HEI-optimised quintile 

showed a significantly 27% decreased cancer risk compared to those in the lowest quintile 

whereas the AHEI was unrelated to cancer risk [57, 58]. In men, both, the AHEI, and the 

HEI-optimised were not associated with risk of cancer. The strength of the association 

with risk of CVD in men [57, 58] and type 2 diabetes in women [63] is comparable for the 

AHEI and the HEI-optimised. In agreement, both indices were inversely related to CVD in 

men as well as type 2 diabetes in women to a similar extent. With regard to the statistical 

association with CVD in women, the HEI-optimised was inferior compared to the AHEI. It 

can therefore be assumed that the dietary pattern which is integrated into the HEI-

optimised score still needs to be improved to achieve a stronger association with CVD risk 

in women.  

Moreover, when looking at the single risk estimates across the HEI-optimised quintiles, a 

non-linear relationship was observed in women, i.e. that there was a strong and significant 

reduction in relative risk for CVD in the second and third quintile but not in the fourth and 

fifth quintile. Similarly, in women there was no steady decrease in risk estimates for type 2 

diabetes and cancer across the HEI-optimised quintiles although there was a significant 

trend towards a decreased risk. 

 

To sum up, it is to say that although the HEI-optimised showed promising results in terms 

of overall chronic disease prevention there is still room for further optimisation with respect 

to single disease endpoints, including risk of CVD in women or total cancer risk in men. 

However, improving the prediction of one specific endpoint may simultaneously result in 

an impairment of the association with another endpoint due to different biological 

pathways that link diet to risk of type 2 diabetes, CVD, or cancer. This is also reflected by 

the fact that some food groups can affect separate health outcomes differently.  
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Furthermore, some diseases, especially some cancer sites, are more affected by other 

factors (e.g. smoking, alcohol, obesity, or inflammation) rather than nutrition. This raises 

the question whether it is actually possible to define a dietary pattern that is 

simultaneously associated with all major chronic disease outcomes. Our attempt to 

identify the dietary pattern with the strongest association with risk of overall major chronic 

diseases can be seen as a method of finding the lowest common denominator. That 

means that we focus on foods that were related to overall chronic disease risk which is, 

however, often driven by significant associations with one specific disease endpoint, like 

for example type 2 diabetes. In fact, none of the food groups which were included into the 

HEI-optimised was significantly related with all endpoints, i.e. type 2 diabetes, CVD, and 

cancer, at the same time. Consequently, it was not possible to identify an ideal pattern for 

prevention of any chronic disease but nevertheless it is to note that we made an important 

step towards this goal. 
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5 Conclusion and Outlook 

Overall, our results indicated that the German DGE-Nutrition Circle has a moderate 

potential of chronic disease prevention, especially in men [77], while the AID-Food 

Pyramid appeared to be a less effective strategy to prevent chronic diseases [89]. This 

observation was driven by the fact that the DGE-Nutrition Circle gives more specific 

recommendations on certain food groups, in particular meat/sausage, fish, and eggs as 

well as fat and oil. The AID-Food Pyramid can be considered as a simplification of the 

DGE-Nutrition Circle to ease the understanding for certain target groups like children and 

young consumers.  

Generally, there is an ongoing discussion whether a circle or a pyramid shape is more 

effective to communicate the most important messages on a wholesome diet. The answer 

to this question mainly depends on the target group. For adults the circle is the preferred 

model compared to the pyramid [155]. Evaluation studies of the 3D Food Guide Pyramid 

among target groups like dieticians and other specialised nutritionists, or students showed 

a good rate of acceptance [156, 157]. Conversely, among children and young consumers 

the two-dimensional pyramid might be the most effective illustration due to the simplified 

presentation of food-based dietary guidelines [155, 158]. This simplification, however, 

leads to a loss of important information, particular on nutritional quality of foods within the 

major food groups, which can affect long-term health.  

Accordingly, for the development of optimised dietary guidelines with respect to food-

based prevention of chronic diseases single foods or food groups should be valuated in a 

more sophisticated way. To obtain a deeper insight into the individual foods or food 

groups that are most strongly related to chronic disease risk, associations of 45 specific 

food groups with risk of chronic diseases were investigated in the same dataset. Thereby, 

in agreement with previous studies, we could show that higher intakes of whole-grain 

bread, unprocessed fruits and vegetables, and coffee were inversely related to major 

chronic disease risk. Among the foods that show a direct association with major chronic 

disease risk were red meat, butter, and eggs. The findings on single food groups were 

used to derive ideas for optimised dietary guidelines, which were additionally incorporated 

into an optimised HEI. Subsequent investigation of the HEI-optimised score in relation to 

major chronic disease risk showed that the HEI-optimised was markedly stronger related 

to risk of major chronic diseases than the HEI-AID and HEI-DGE, with a distinctly stronger 

inverse association with risk of type 2 diabetes in both sexes and cancer in women.  

Hence, the refined dietary guidelines that were developed in this study may considerably 

contribute to prevention of morbidity from major nutrition-related chronic diseases in 

Western societies, particularly in Germany. Consequently, our findings may be of high 
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public health relevance and could be considered by highlighting the relevant food groups 

for chronic disease prevention within the existing Nutrition Circle. Yet, focussing on 

specific foods within the Nutrition Circle does not mean to completely abandon other food 

groups from the German FBDG as they are important contributors to total dietary nutrient 

and energy intake. 

 

Nevertheless, our suggestions for improvement of the current German FBDG can not be 

regarded as being definitive. For example, the potential of preventing CVD and cancer 

were found to be sex-specific as the inverse association of the HEI-optimised with risk of 

CVD was more pronounced in men and the inverse association with cancer risk was 

restricted to women. Consequently, future studies should examine whether FBDG can 

further be optimized to additionally get a stronger association with risk of CVD in women 

and cancer in men. Moreover, the decisions that have been made for construction of the 

HEI-optimised include some arbitrary choices that are based on precedent analyses within 

the same dataset. Hence, it is crucial to test the reproducibility of the associations of the 

HEI-optimised with risk of major chronic diseases in other study populations, like for 

instance EPIC-Heidelberg.  
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6 Summary 

Introduction and objectives: Food-based dietary guidelines (FBDG) are important tools 

in nutritional policy and advice to promote a wholesome diet in the general population. 

Usually, FBDG are visualised with graphical symbols like pyramids or circles to ease 

communication of important messages about a wholesome diet. In Germany two main 

types of quantitative FBDG exist: 1) the Food Pyramid published by the German Agency 

for Consumer Information (AID), 2) the Nutrition Circle published by the German Nutrition 

Society (DGE). The objective of these recommendations is, primary, to ensure adequate 

supply with essential nutrients in the general population and, moreover, to contribute to 

the prevention of chronic diseases. However, the German FBDG have not yet been 

evaluated concerning their potential of preventing major chronic diseases. Consequently, 

the first objective of the present thesis was to investigate whether a high adherence to the 

recommendations of the German AID-Food Pyramid or the DGE-Nutrition Circle is 

associated with the risk of major chronic diseases, namely CVD (myocardial infarction and 

stroke), type 2 diabetes, or cancer. Subsequently, we aimed to identify single food groups 

which are independently related to major chronic diseases as candidates to improve the 

present German FBDG. Finally, we aimed to develop refined FBDG and compare them to 

the existing FBDG regarding their potential to prevent major chronic diseases. 

 

Data and methods: Data from 23 531 participants of the European Prospective 

Investigation into Cancer and Nutrition (EPIC)-Potsdam study was used. Habitual dietary 

intake was assessed at baseline with a food-frequency questionnaire. Incident chronic 

diseases were determined by self-administered follow-up questionnaires and verified with 

information from the treating physician, cancer registries, or death certificates. The 

adherence to German FBDG was measured with the Healthy Eating Index (HEI)-AID and 

the HEI-DGE that were calculated by scoring the ratio of actual and recommended intake 

of relevant food groups. The associations between the HEI-AID, HEI-DGE, and 45 specific 

single food groups with risk of the first incident event of major chronic diseases were 

estimated by multivariable-adjusted Cox proportional hazard regression models.  

 

Results: During an average follow-up period of ~8 years, 363 incident cases of CVD, 

837 incident cases of type 2 diabetes, and 844 cases of cancer occurred. A high 

adherence to recommendations of the AID-Food Pyramid was not associated with risk of 

chronic diseases, except of an inverse association with CVD risk in men.  
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In contrast, a high compliance with recommendations of the DGE-Nutrition Circle was 

significantly inversely related to risk of overall chronic diseases, particularly CVD and type 

2 diabetes, in men but not in women. In agreement with other studies, it was observed 

that among the 45 single food groups, higher intake of whole-grain bread, raw vegetables, 

fresh fruit, and coffee was associated with reduced risk of major chronic diseases. 

Conversely, higher intake of butter, red meat, and eggs was related to an increased risk of 

chronic diseases. These seven food groups were incorporated into an HEI-optimised and 

tested in relation to risk of major chronic diseases. Compared to the HEI-AID and HEI-

DGE, the HEI-optimised score was markedly stronger associated with risk of major 

chronic diseases. This observation was mainly driven by a distinct improvement of the 

risk-association with type 2 diabetes in both sexes and cancer in women. However, the 

HEI-optimised was still not associated with risk of CVD in women and cancer in men. 

 

Conclusion and outlook: The potential of the German DGE-Nutrition Circle concerning 

chronic disease prevention was moderate and was more pronounced in men than in 

women whereas the AID-Food Pyramid appeared to be a less effective strategy to prevent 

chronic diseases. This might be due to the fact that the DGE-Nutrition Circle gives more 

specific advice regarding certain food groups. To further improve the potential of chronic 

disease prevention, it might be crucial to focus on foods being related to chronic disease 

risk within the DGE-Nutrition Circle: in particular, whole-grain bread, fresh fruit and 

vegetables, coffee, red meat, eggs, and butter. The HEI-optimised which incorporated 

these foods showed already promising results concerning chronic disease prevention. 

Still, future analyses could investigate whether the HEI-optimised can be further improved. 

Moreover, the reproducibility of our results, especially on the association of the HEI-

optimised with risk of chronic diseases, should be tested in other study populations. 
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7 Zusammenfassung 

Einleitung und Zielstellung: Lebensmittelbasierte Ernährungsempfehlungen sind 

wichtige Instrumente in der Ernährungspolitik und –beratung, um eine vollwertige 

Ernährung in der Allgemeinbevölkerung zu fördern. In der Regel werden solche 

Ernährungsempfehlungen anhand von graphischen Symbolen, wie z.B. Pyramiden oder 

Kreisen, veranschaulicht, um die Kommunikation der wichtigsten Botschaften zu 

vereinfachen. In Deutschland existieren zwei Hauptarten von quantitativen 

lebensmittelbasierten Ernährungsempfehlungen: 1) die Ernährungspyramide des 

allgemeinen Informationsdienstes für Ernährung, Landwirtschaft und Verbraucherschutz 

(AID), 2) der Ernährungskreis der Deutschen Gesellschaft für Ernährung e.V. (DGE). Das 

Ziel dieser Empfehlungen ist es primär, die Versorgung mit essentiellen Nährstoffen in der 

Allgemeinbevölkerung sicherzustellen, und zudem zu der Prävention der wichtigsten 

chronischen Erkrankungen beizutragen. Eine Evaluation der deutschen 

lebensmittebasierten Ernährungsempfehlungen bezüglich ihres Potenzials zur Prävention 

der wichtigsten chronischen Erkrankungen gibt es bislang jedoch nicht. Daher war das 

primäre Ziel dieser Arbeit, zu untersuchen, ob eine hohe Einhaltung der Empfehlungen 

der AID-Ernährungspyramide oder des DGE-Ernährungskreises das Risiko der 

wichtigsten chronischen Erkrankungen beeinflusst, d.h. Herz-Kreislauferkrankungen 

(Herzinfarkt und Schlaganfall), Typ-2-Diabetes und Krebs. Weiterhin sollten einzelne 

Lebensmittelgruppen identifiziert werden, welche unabhängig mit dem Risiko chronischer 

Erkrankungen in Beziehung stehen, um daraus Vorschläge zur Verbesserung der 

vorhandenen lebensmittelbasierten Ernährungsempfehlungen in Deutschland abzuleiten. 

Diese wurden abschließend mit den existierenden Ernährungsempfehlungen in Bezug auf 

ihr Potenzial zur Prävention chronischer Erkrankungen verglichen. 

 

Datengrundlage und Methoden: Es wurden Daten von 23 531 Teilnehmern der 

European Prospective Investigation into Cancer and Nutrition (EPIC)-Potsdam-Studie 

analysiert. Die Ernährungsgewohnheiten wurden während der Basiserhebung mit 

Ernährungshäufigkeitsfragebögen erhoben. Neu aufgetretene chronische Erkrankungen 

wurden während der Nachbeobachtung mit selbst-ausfüllbaren Fragebögen erfasst und 

mithilfe von Arztbriefen, Krebsregistern und Totenscheinen verifiziert. Die Einhaltung der 

deutschen lebensmittelbasierten Ernährungsempfehlungen wurde anhand eines „Healthy 

Eating Index (HEI)-AID“ bzw. HEI-DGE aus dem Verhältnis von tatsächlicher und 

empfohlener Aufnahme der relevanten Lebensmittelgruppen berechnet. Die Assoziation 

des HEI-AID und HEI-DGE sowie von 45 einzelnen Lebensmittelgruppen mit dem Risiko 
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der zuerst neu aufgetretenen chronischen Erkrankung wurde mithilfe von multivariat-

adjustierten Cox-Regressionsmodellen geschätzt.  

 

Ergebnisse: Während einer mittleren Nachbeobachtungszeit von ~8 Jahren traten 363 

Fälle von Herz-Kreislauferkrankungen, 837 Fälle von Typ-2-Diabetes und 844 Krebsfälle 

neu auf. Ein hohes Maß an Einhaltung der Empfehlungen der AID-Ernährungspyramide 

war nicht mit dem Risiko von chronischen Erkrankungen assoziiert, mit Ausnahme einer 

inversen Beziehung mit Herz-Kreislauferkrankungen bei Männern. Im Gegensatz dazu 

war ein hohes Maß an Befolgung der Empfehlungen des DGE-Ernährungskreises invers 

mit dem Risiko von chronischen Erkrankungen, insbesondere Herz-Kreislauferkrankungen 

und Typ-2-Diabetes, bei Männern aber nicht bei Frauen assoziiert. Bezüglich der 

einzelnen Lebensmittelgruppen konnte in Übereinstimmung mit anderen Studien 

beobachtet werden, dass ein hoher Verzehr von Vollkornbrot, frischem Obst und Gemüse 

sowie Kaffee das Risiko für chronische Erkrankungen absenkt. Umgekehrt steht eine 

höhere Aufnahme von Butter, rotem Fleisch und Eiern mit einem erhöhten Risiko von 

chronischen Erkrankungen in Verbindung. Diese sieben Lebensmittelgruppen wurden 

anschließend in einem optimierten HEI berücksichtigt. Im Vergleich zum HEI-AID und 

HEI-DGE war der optimierte HEI deutlich stärker mit dem Risiko für chronische 

Erkrankungen assoziiert, welches auf eine wesentliche Verbesserung der Assoziation mit 

dem Risiko von Typ-2-Diabetes bei beiden Geschlechtern bzw. Krebs bei Frauen 

zurückzuführen ist. Jedoch konnte für den optimierten HEI immer noch keine Beziehung 

zu dem Risiko für Herz-Kreislauferkrankungen bei Frauen bzw. Krebs bei Männern 

beobachtet werden.  

 

Schlussfolgerung und Ausblick: Insgesamt besitzt der DGE-Ernährungskreis ein 

moderates Potenzial zur Prävention chronischer Erkrankungen, welches bei Männern 

stärker ausgeprägt war als bei Frauen. Dahingegen scheint die AID-Ernährungspyramide 

eine weniger effektive Strategie zur Erkrankungsprävention darzustellen. Dies lässt sich 

möglicherweise dadurch erklären, dass der DGE-Ernährungskreis spezifischere 

Empfehlungen zu bestimmten Lebensmittelgruppen gibt. Um das Potenzial zur Prävention 

von chronischen Erkrankungen weiter zu verbessern, erscheint es ausschlaggebend zu 

sein, sich innerhalb des DGE-Ernährungskreises auf Lebensmittel zu fokussieren, die mit 

dem Risiko chronischer Erkrankungen in Beziehung stehen: insbesondere Vollkornbrot, 

frisches Obst und Gemüse, Kaffee, rotes Fleisch, Eier und Butter. Der optimierte HEI, der 

diese Lebensmittelgruppen einschließt, zeigte bereits viel versprechende Ergebnisse im 

Hinblick auf die Prävention chronischer Erkrankungen. Dennoch könnten zukünftige 

Analysen untersuchen, ob der optimierte HEI noch weiter verbessert werden kann. 
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Darüber hinaus sollte die Reproduzierbarkeit der Ergebnisse, insbesondere zu der 

Assoziation des optimierten HEI mit chronischen Erkrankungen, in externen 

Studienpopulationen überprüft werden. 

 

 



References   92 

8 References 

1. EUFIC, Food-based Dietary Guidelines in Europe. EUFIC Review: 
http://www.eufic.org/article/en/expid/food-based-dietary-guidelines-in-europe/. 
2009, European Food Information Council. 

2. EFSA, Panel on Dietetic Products, Nutrition, and Allergies: Scientific Opinion on 
establishing Food-Based Dietary Guidelines (www.efsa.europa.eu). EFSA Journal, 
2010. 8(3): p. 1460 [42 pp.]. 

3. Koelsch, C. and I. Brüggemann, The German Food Pyramid [Die aid-
Ernährungspyramide- Richtig essen lehren und lernen], in aid-Heft, Bestell-Nr. 
3899. 2007, allgemeiner Infodienst für Ernährung, Landwirtschaft und 
Verbraucherschutz (www.aid.de). p. 18-19. 

4. DGE, DGE-Ernährungskreis - Lebensmittelmengen: 
http://www.dge.de/modules.php?name=News&file=article&sid=415; 
http://www.dge.de/modules.php?name=News&file=print&sid=413. DGE info, 
2004(05). 

5. GBE, Gesundheitsberichterstattung des Bundes (GBE) Todesursachen in 
Deutschland 2009: https://www.gbe-
bund.de/gbe10/owards.prc_show_pdf?p_id=13479&p_sprache=d&p_uid=&p_aid=
&p_lfd_nr=1, in Gesundheit, s. Bundesamt, Editor. 2011: Wiesbaden. 

6. German Federal Statistical Office (Statistisches Bundesamt Deutschland); 
Gesundheit: Krankheitskosten; 
https://www.destatis.de/DE/Publikationen/Thematisch/Gesundheit/Krankheitskoste
n/Krankheitskosten2120720089004.html; Accessed March, 2012. 

7. RKI, Krebs in Deutschland 2007/2008 
Herausgeber: Robert-Koch-Institut (RKI), Gesellschaft der epidemiologischen 
Krebsregister in Deutschland e.V. Vol. 8. Auflage. 2012, Berlin. 

8. German Diabetes Report 2011: 
http://diabetesstiftung.de/uploads/media/Gesundheitsbericht_2011.pdf; Accessed 
Sep 21st, 2011. 

9. GBE, Federal Health Monitoring (Gesundheitsberichtserstattung des Bundes, 
GBE): Gesundheit in Deutschland; http://www.gbe-
bund.de/gbe10/owards.prc_show_pdf?p_id=9965&p_sprache=d&p_uid=gast&p_ai
d=59301279&p_lfd_nr=1 ; accessed Sep 21st, 2011. 2006. 

10. Heidemann, C., Y. Du, and C. Scheidt-Nave, Diabetes mellitus in Germany 
[Diabetes Mellitus in Deutschland]- http://edoc.rki.de/series/gbe-kompakt/2011-
8/PDF/8.pdf, in GBE kompakt 2(3). 2011, Robert-Koch-Institut (RKI). 

11. Jacques, P.F. and K.L. Tucker, Are dietary patterns useful for understanding the 
role of diet in chronic disease? Am J Clin Nutr, 2001. 73(1): p. 1-2. 

12. Hu, F.B., Dietary pattern analysis: a new direction in nutritional epidemiology. Curr 
Opin Lipidol, 2002. 13(1): p. 3-9. 

13. Mozaffarian, D. and D.S. Ludwig, Dietary guidelines in the 21st century--a time for 
food. Jama, 2010. 304(6): p. 681-2. 

14. Heidemann, C., et al., Dietary patterns and risk of mortality from cardiovascular 
disease, cancer, and all causes in a prospective cohort of women. Circulation, 
2008. 118(3): p. 230-7. 

15. The effect of vitamin E and beta carotene on the incidence of lung cancer and 
other cancers in male smokers. The Alpha-Tocopherol, Beta Carotene Cancer 
Prevention Study Group. N Engl J Med, 1994. 330(15): p. 1029-35. 

16. Hennekens, C.H., et al., Lack of effect of long-term supplementation with beta 
carotene on the incidence of malignant neoplasms and cardiovascular disease. N 
Engl J Med, 1996. 334(18): p. 1145-9. 

17. Greenberg, E.R., et al., A clinical trial of antioxidant vitamins to prevent colorectal 
adenoma. Polyp Prevention Study Group. N Engl J Med, 1994. 331(3): p. 141-7. 



References   93 

18. Painter, J., J.H. Rah, and Y.K. Lee, Comparison of international food guide 
pictorial representations. J Am Diet Assoc, 2002. 102(4): p. 483-9. 

19. Leitzmann, C., Ernährungspyramiden unter der Lupe. UGB-Forum, 2004(3): p. 
140-143. 

20. Britten, P., J. Haven, and C. Davis, Consumer research for development of 
educational messages for the MyPyramid Food Guidance System. J Nutr Educ 
Behav, 2006. 38(6 Suppl): p. S108-23. 

21. Haven, J., et al., MyPyramid.gov provides consumers with practical nutrition 
information at their fingertips. J Nutr Educ Behav, 2006. 38(6 Suppl): p. S153-4. 

22. Juan, W.Y., MyPyramid Tracker Assesses Food Consumption, Physical Activity, 
and Energy Balance Status Interactively. J Nutr Educ Behav, 2006. 38: p. 155-
157. 

23. USDA, A Brief History of USDA Food Guides: http://www.choosemyplate.gov/food-
groups/downloads/MyPlate/ABriefHistoryOfUSDAFoodGuides.pdf. 2011, US 
Department of Agriculture (USDA). 

24. Yoshiike, N., et al., A new food guide in Japan: the Japanese food guide Spinning 
Top. Nutr Rev, 2007. 65(4): p. 149-54. 

25. Murphy, S.P. and S.I. Barr, Food guides reflect similarities and differences in 
dietary guidance in three countries (Japan, Canada, and the United States). Nutr 
Rev, 2007. 65(4): p. 141-8. 

26. Stehle, P., et al., Graphics illustrating nutritional guidelines - traditional and novel 
approaches. Ernährungs-Umschau, 2005. 52(4): p. 128-+. 

27. Die dreidimensionale Lebensmittelpyramide. DGE info, 2005(4): p. 56-57. 
28. Die Gesundheitspyramide von KELLOGG: 

http://www.kelloggs.de/ernaehrung/bewusst_leben/gesundheitspyramide.html; 
accessed Oct, 26th, 2011. 2011, Kellogg's (R): http://www.kelloggs.de. 

29. Eissing, G., N. Bönnhoff, and C. Scheer, Visualisation of dietary recommendations 
through food pyramid and circle [Article in German]. Ernährung im Fokus, 2003. 
3(7): p. 199-205. 

30. Rademacher, C., The three dimensional food pyramid. Ernährungs-Umschau, 
2008. 55(1): p. 44-51. 

31. DACH-Referenzwerte für die Nährstoffzufuhr, 1.Auflage, 2. korrigierter Nachdruck. 
2001. 

32. Stehle, P., Dissemination of nutritional knowledge in Germany - Nutrition circle, 3D 
food pyramid and 10 nutrition guidelines. Annals of Nutrition and Metabolism, 
2007. 51: p. 21-25. 

33. DGE, 10 guidelines of the German Nutrition Society (DGE) for a wholesome diet: 
http://www.dge.de/pdf/10-guidelines-wholesome-diet-DGE-en.pdf, Deutsche 
Gesellschaft für Ernährung e.V. [German Nutrition Society]. 

34. Fünf am Tag e.V.: www.5amtag.de. 
35. WCRF/AICR, Food, Nutrition, Physical Activity, and the Prevention of Cancer: a 

Global Perspective. 2007, Washington D.C.: World Cancer Research Fund / 
American Institute of Cancer Research. 

36. DGE-Stellungnahme, Obst und Gemüse in der Prävention chronischer 
Krankheiten: http://www.dge.de/pdf/ws/Stellungnahme-OuG-Praevention-
chronischer-Krankheiten-2007-09-29.pdf. 2007, Deutsche Gesellschaft für 
Ernährung (DGE) e.V.[German Nutrition Society]. 

37. WHO, Diet, nutrition and the prevention of chronic diseases. World Health Organ 
Tech Rep Ser, 2003. 916: p. i-viii, 1-149, backcover. 

38. WCRF/AICR, CONTINUOUS UPDATE PROJECT: COLORECTAL CANCER 
REPORT 2010 SUMMARY: Food, Nutrition, Physical Activity, and the Prevention 
of Colorectal Cancer: 
http://www.wcrf.org/PDFs/Colorectal%20cancer%20report%20summary%202011.
pdf. 2011, World Cancer Research Fund/American Institute of Cancer Research. 



References   94 

39. DGE, Kohlenhydratzufuhr und Prävention ausgewählter ernährungsmitbedingter 
Krankheiten - Evidenzbasierte Leitlinie. http://www.dge.de/leitlinie. 2011, Deutsche 
Gesellschaft für Ernährung (DGE) (Hrsg.) [German Nutrition Society]: Bonn. 

40. DDG, et al., Evidenz-basierte Ernährungsempfehlungen zur Behandlung und 
Prävention des Diabetes Mellitus. 2004, Deutsche Gesellschaft für Ernährung. 

41. DGE, Evidenzbasierte Leitlinie: Fettkonsum und Prävention ausgewählter 
ernährungsmitbedingter Krankheiten [Evidence based guideline: Fat consumption 
and certain nutrition-related diseases]; http://www.dge.de/leitlinie. 2006, Deutsche 
Gesellschaft für Ernährung (DGE) e.V. [German Nutrition Society]: Bonn. 

42. aid-infodienst, Artikel zum Thema aid-Pyramide: Fragen und Antworten: 
http://www.aid.de/ernaehrung/ernaehrungspyramide_faq_pyramidenumstellung.ph
p#34736, Accessed Aug 31st, 2011. 2011, www.aid.de. 

43. Willett, W.C. and M.L. McCullough, Dietary pattern analysis for the evaluation of 
dietary guidelines. Asia Pac J Clin Nutr, 2008. 17 Suppl 1: p. 75-8. 

44. Feskanich, D., H.R. Rockett, and G.A. Colditz, Modifying the Healthy Eating Index 
to assess diet quality in children and adolescents. J Am Diet Assoc, 2004. 104(9): 
p. 1375-83. 

45. Shatenstein, B., et al., Diet quality of Montreal-area adults needs improvement: 
estimates from a self-administered food frequency questionnaire furnishing a 
dietary indicator score. J Am Diet Assoc, 2005. 105(8): p. 1251-60. 

46. Woodruff, S.J. and R.M. Hanning, Development and implications of a revised 
Canadian Healthy Eating Index (HEIC-2009). Public Health Nutr, 2010. 13(6): p. 
820-5. 

47. Taechangam, S., U. Pinitchun, and C. Pachotikarn, Development of nutrition 
education tool: healthy eating index in Thailand. Asia Pac J Clin Nutr, 2008. 17 
Suppl 1: p. 365-7. 

48. Previdelli, A.N., et al., A revised version of the Healthy Eating Index for the 
Brazilian population. Rev Saude Publica, 2011. 45(4): p. 794-8. 

49. Kennedy, E.T., et al., The Healthy Eating Index: design and applications. J Am 
Diet Assoc, 1995. 95(10): p. 1103-8. 

50. Guenther, P.M., et al., Development and Evaluation of the Healthy Eating Index: 
http://www.cnpp.usda.gov/HealthyEatingIndex.htm. 2007, Center for Nutrition 
Policy and Promotion, U.S. Departement of Agriculture. 

51. Harnack, L., et al., An evaluation of the Dietary Guidelines for Americans in 
relation to cancer occurrence. Am J Clin Nutr, 2002. 76(4): p. 889-96. 

52. McNaughton, S.A., et al., An index of diet and eating patterns is a valid measure of 
diet quality in an Australian population. J Nutr, 2008. 138(1): p. 86-93. 

53. Drake, I., et al., Development of a diet quality index assessing adherence to the 
Swedish nutrition recommendations and dietary guidelines in the Malmo Diet and 
Cancer cohort. Public Health Nutr, 2011. 14(5): p. 835-45. 

54. Guenther, P.M., J. Reedy, and S.M. Krebs-Smith, Development of the Healthy 
Eating Index-2005. J Am Diet Assoc, 2008. 108(11): p. 1896-901. 

55. McCullough, M.L., et al., Adherence to the Dietary Guidelines for Americans and 
risk of major chronic disease in men. Am J Clin Nutr, 2000. 72(5): p. 1223-31. 

56. McCullough, M.L., et al., Adherence to the Dietary Guidelines for Americans and 
risk of major chronic disease in women. Am J Clin Nutr, 2000. 72(5): p. 1214-22. 

57. McCullough, M.L., et al., Diet quality and major chronic disease risk in men and 
women: moving toward improved dietary guidance. Am J Clin Nutr, 2002. 76(6): p. 
1261-71. 

58. McCullough, M.L. and W.C. Willett, Evaluating adherence to recommended diets 
in adults: the Alternate Healthy Eating Index. Public Health Nutr, 2006. 9(1A): p. 
152-7. 

59. Reedy, J., et al., Index-based dietary patterns and risk of colorectal cancer: the 
NIH-AARP Diet and Health Study. Am J Epidemiol, 2008. 168(1): p. 38-48. 



References   95 

60. Dixon, L.B., et al., Adherence to the USDA Food Guide, DASH Eating Plan, and 
Mediterranean dietary pattern reduces risk of colorectal adenoma. J Nutr, 2007. 
137(11): p. 2443-50. 

61. Bälter, K., E. Moller, and E. Fondell, The effect of dietary guidelines on cancer risk 
and mortality. Curr Opin Oncol, 2012. 24(1): p. 90-102. 

62. Fung, T.T., et al., Diet quality is associated with the risk of estrogen receptor-
negative breast cancer in postmenopausal women. J Nutr, 2006. 136(2): p. 466-
72. 

63. Fung, T.T., et al., A prospective study of overall diet quality and risk of type 2 
diabetes in women. Diabetes Care, 2007. 30(7): p. 1753-7. 

64. de Koning, L., et al., Diet-quality scores and the risk of type 2 diabetes in men. 
Diabetes Care, 2011. 34(5): p. 1150-6. 

65. Zamora, D., et al., Diet quality and weight gain among black and white young 
adults: the Coronary Artery Risk Development in Young Adults (CARDIA) Study 
(1985-2005). Am J Clin Nutr, 2010. 92(4): p. 784-93. 

66. Zamora, D., et al., Are the 2005 Dietary Guidelines for Americans Associated With 
reduced risk of type 2 diabetes and cardiometabolic risk factors? Twenty-year 
findings from the CARDIA study. Diabetes Care, 2011. 34(5): p. 1183-5. 

67. Estaquio, C., et al., Adherence to the French Programme National Nutrition Sante 
Guideline Score is associated with better nutrient intake and nutritional status. J 
Am Diet Assoc, 2009. 109(6): p. 1031-41. 

68. Kesse-Guyot, E., et al., Higher adherence to French dietary guidelines and chronic 
diseases in the prospective SU.VI.MAX cohort. Eur J Clin Nutr, 2011. 65(8): p. 
887-94. 

69. Estaquio, C., et al., The French National Nutrition and Health Program score is 
associated with nutritional status and risk of major chronic diseases. J Nutr, 2008. 
138(5): p. 946-53. 

70. Waijers, P.M., E.J. Feskens, and M.C. Ocke, A critical review of predefined diet 
quality scores. Br J Nutr, 2007. 97(2): p. 219-31. 

71. Agnoli, C., et al., A priori-defined dietary patterns are associated with reduced risk 
of stroke in a large Italian cohort. J Nutr, 2011. 141(8): p. 1552-8. 

72. Boeing, H., A. Korfmann, and M.M. Bergmann, Recruitment procedures of EPIC-
Germany. European Investigation into Cancer and Nutrition. Ann Nutr Metab, 
1999. 43(4): p. 205-15. 

73. Riboli, E., et al., European Prospective Investigation into Cancer and Nutrition 
(EPIC): study populations and data collection. Public Health Nutr, 2002. 5(6B): p. 
1113-24. 

74. Kaaks, R., N. Slimani, and E. Riboli, Pilot phase studies on the accuracy of dietary 
intake measurements in the EPIC project: overall evaluation of results. European 
Prospective Investigation into Cancer and Nutrition. Int J Epidemiol, 1997. 26 
Suppl 1: p. S26-36. 

75. Boeing, H., J. Wahrendorf, and N. Becker, EPIC-Germany--A source for studies 
into diet and risk of chronic diseases. European Investigation into Cancer and 
Nutrition. Ann Nutr Metab, 1999. 43(4): p. 195-204. 

76. Bergmann, M.M., U. Bussas, and H. Boeing, Follow-up procedures in EPIC-
Germany--data quality aspects. European Prospective Investigation into Cancer 
and Nutrition. Ann Nutr Metab, 1999. 43(4): p. 225-34. 

77. von Ruesten, A., et al., Adherence to recommendations of the German food 
pyramid and risk of chronic diseases: results from the EPIC-Potsdam study. Eur J 
Clin Nutr, 2010. 64(11): p. 1251-9. 

78. Voss, S., et al., [EPIC-SOFT a European computer program for 24-hour dietary 
protocols]. Z Ernährungswiss, 1998. 37(3): p. 227-33. 

79. Dehne, L.I., et al., The German Food Code and Nutrient Data Base (BLS II.2). Eur 
J Epidemiol, 1999. 15(4): p. 355-9. 

 
 



References   96 

80. Boeing, H., et al., The relative validity of vitamin intakes derived from a food 
frequency questionnaire compared to 24-hour recalls and biological 
measurements: results from the EPIC pilot study in Germany. European 
Prospective Investigation into Cancer and Nutrition. Int J Epidemiol, 1997. 26 
Suppl 1: p. S82-90. 

81. Bohlscheid-Thomas, S., et al., Reproducibility and relative validity of energy and 
macronutrient intake of a food frequency questionnaire developed for the German 
part of the EPIC project. European Prospective Investigation into Cancer and 
Nutrition. Int J Epidemiol, 1997. 26 Suppl 1: p. S71-81. 

82. Bohlscheid-Thomas, S., et al., Reproducibility and relative validity of food group 
intake in a food frequency questionnaire developed for the German part of the 
EPIC project. European Prospective Investigation into Cancer and Nutrition. Int J 
Epidemiol, 1997. 26 Suppl 1: p. S59-70. 

83. Kroke, A., et al., Validation of a self-administered food-frequency questionnaire 
administered in the European Prospective Investigation into Cancer and Nutrition 
(EPIC) Study: comparison of energy, protein, and macronutrient intakes estimated 
with the doubly labeled water, urinary nitrogen, and repeated 24-h dietary recall 
methods. Am J Clin Nutr, 1999. 70(4): p. 439-47. 

84. Slimani, N., et al., Standardization of the 24-hour diet recall calibration method 
used in the european prospective investigation into cancer and nutrition (EPIC): 
general concepts and preliminary results. Eur J Clin Nutr, 2000. 54(12): p. 900-17. 

85. DGE, Reference Values for Nutrient Intake [Referenzwerte für die 
Nährstoffzufuhr]. Vol. 1. Auflage, 3. vollständig durchgelesener und korrigierter 
Nachdruck. 2008: Deutsche Gesellschaft für Ernährung (DGE) e.V.[German 
Nutrition Society]. 240. 

86. Schofield, W.N., Predicting basal metabolic rate, new standards and review of 
previous work. Hum Nutr Clin Nutr, 1985. 39 Suppl 1: p. 5-41. 

87. Haftenberger, M., et al., Physical activity of subjects aged 50-64 years involved in 
the European Prospective Investigation into Cancer and Nutrition (EPIC). Public 
Health Nutr, 2002. 5(6B): p. 1163-76. 

88. Ainsworth, B.E., et al., Compendium of physical activities: classification of energy 
costs of human physical activities. Med Sci Sports Exerc, 1993. 25(1): p. 71-80. 

89. von Ruesten, A., S. Feller, and H. Boeing, Does compliance with the 
recommendations of the DGE influence the risk of chronic diseases? [Article in 
German]. Ernährungs-Umschau, 2011. 58(5): p. 242-249. 

90. Cox, D.R., Regression models and life-tables. Journal of the Royal Statistical 
Society. Series B (Methodological), 1972. 34: p. 187-220. 

91. Ford, E.S., et al., Healthy Living Is the Best Revenge: Findings From the European 
Prospective Investigation Into Cancer and Nutrition-Potsdam Study. Arch Intern 
Med, 2009. 169(15): p. 1355-1362. 

92. de Munter, J.S., et al., Whole grain, bran, and germ intake and risk of type 2 
diabetes: a prospective cohort study and systematic review. PLoS Med, 2007. 
4(8): p. e261. 

93. Schulze, M.B., et al., An accurate risk score based on anthropometric, dietary, and 
lifestyle factors to predict the development of type 2 diabetes. Diabetes Care, 
2007. 30(3): p. 510-5. 

94. Link, L.B. and J.D. Potter, Raw versus cooked vegetables and cancer risk. Cancer 
Epidemiol Biomarkers Prev, 2004. 13(9): p. 1422-35. 

95. Griep, L.M., et al., Raw and processed fruit and vegetable consumption and 10-
year stroke incidence in a population-based cohort study in the Netherlands. Eur J 
Clin Nutr, 2011. 65(7): p. 791-9. 

96. Pan, A., et al., Red meat consumption and risk of type 2 diabetes: 3 cohorts of US 
adults and an updated meta-analysis. Am J Clin Nutr, 2011. 94(4): p. 1088-96. 

97. Aune, D., G. Ursin, and M.B. Veierod, Meat consumption and the risk of type 2 
diabetes: a systematic review and meta-analysis of cohort studies. Diabetologia, 
2009. 52(11): p. 2277-87. 



References   97 

98. DGE, Ist Kaffee ein "Flüssigkeitsräuber"?: 
http://www.dge.de/modules.php?name=News&file=article&sid=463. 2005, 
Deutsche Gesellschaft für Ernährung e.V. (DGE). 

99. Higdon, J.V. and B. Frei, Coffee and health: a review of recent human research. 
Crit Rev Food Sci Nutr, 2006. 46(2): p. 101-23. 

100. Müller, M.J. and E. Trautwein, Gesundheit und Ernährung. Public Health Nutrition. 
2005, Stuttgart: Ulmer UTB. 304. 

101. Schneider, R., Vom Umgang mit Zahlen und Daten: eine praxisnahe Einführung in 
die Statistik und Ernährungsepidemiologie. 1997, Frankfurt am Main: Umschau 
Zeitschriftenverlag. 

102. Schulze, M.B., Methods of epidemiological nutritional research. Ernährungs-
Umschau, 2007. 54(5): p. 268-274. 

103. Willett, W.C., Nutritional Epidemiology. 1998, New York: Oxford University Press. 
104. Voss, S., et al., Obesity as a major determinant of underreporting in a self-

administered food frequency questionnaire: results from the EPIC-Potsdam Study. 
Z Ernährungswiss, 1997. 36(3): p. 229-36. 

105. Voss, S., et al., Is macronutrient composition of dietary intake data affected by 
underreporting? Results from the EPIC-Potsdam Study. European Prospective 
Investigation into Cancer and Nutrition. Eur J Clin Nutr, 1998. 52(2): p. 119-26. 

106. Arvaniti, F. and D.B. Panagiotakos, Healthy indexes in public health practice and 
research: a review. Crit Rev Food Sci Nutr, 2008. 48(4): p. 317-27. 

107. Fransen, H.P. and M.C. Ocke, Indices of diet quality. Curr Opin Clin Nutr Metab 
Care, 2008. 11(5): p. 559-65. 

108. Kourlaba, G. and D.B. Panagiotakos, Dietary quality indices and human health: a 
review. Maturitas, 2009. 62(1): p. 1-8. 

109. Kristal, A.R., U. Peters, and J.D. Potter, Is it time to abandon the food frequency 
questionnaire? Cancer Epidemiol Biomarkers Prev., 2005. 14(12): p. 2826-8. 

110. Buijsse, B., et al., Fruit and vegetable intakes and subsequent changes in body 
weight in European populations: results from the project on Diet, Obesity, and 
Genes (DiOGenes). Am J Clin Nutr, 2009. 90(1): p. 202-9. 

111. Du, H., et al., Dietary fiber and subsequent changes in body weight and waist 
circumference in European men and women. Am J Clin Nutr, 2010. 91(2): p. 329-
36. 

112. Okubo, H. and S. Sasaki, Underreporting of energy intake among Japanese 
women aged 18-20 years and its association with reported nutrient and food group 
intakes. Public Health Nutr, 2004. 7(7): p. 911-7. 

113. Yannakoulia, M., et al., Low energy reporting related to lifestyle, clinical, and 
psychosocial factors in a randomly selected population sample of Greek adults: 
the ATTICA Study. J Am Coll Nutr, 2007. 26(4): p. 327-33. 

114. Heitmann, B.L. and L. Lissner, [Obese individuals underestimate their food intake--
which food groups are under-reported?]. Ugeskr Laeger, 1996. 158(48): p. 6902-6. 

115. Hill, A.B., The Environment and Disease: Association or Causation? Proc R Soc 
Med, 1965. 58: p. 295-300. 

116. Floegel, A., et al., Coffee consumption and risk of chronic disease in the European 
Prospective Investigation into Cancer and Nutrition (EPIC)-Germany study. Am J 
Clin Nutr, 2012. 95(4): p. 901-8. 

117. Gonzalez, C.A. and E. Riboli, Diet and cancer prevention: Contributions from the 
European Prospective Investigation into Cancer and Nutrition (EPIC) study. Eur J 
Cancer, 2010. 46(14): p. 2555-62. 

118. Boeing, H., et al., Intake of fruits and vegetables and risk of cancer of the upper 
aero-digestive tract: the prospective EPIC-study. Cancer Causes Control, 2006. 
17(7): p. 957-69. 

119. Norat, T., et al., Meat, fish, and colorectal cancer risk: the European Prospective 
Investigation into cancer and nutrition. J Natl Cancer Inst, 2005. 97(12): p. 906-16. 

120. Priebe, M.G., et al., Whole grain foods for the prevention of type 2 diabetes 
mellitus. Cochrane Database Syst Rev, 2008(1): p. CD006061. 



References   98 

121. Jones, J.M. and J.W. Anderson, Grain foods and health: a primer for clinicians. 
Phys Sportsmed, 2008. 36(1): p. 18-33. 

122. Griep, L.M., et al., Raw and Processed Fruit and Vegetable Consumption and 10-
Year Coronary Heart Disease Incidence in a Population-Based Cohort Study in the 
Netherlands. PLoS One, 2010. 5(10). 

123. Carter, P., et al., Fruit and vegetable intake and incidence of type 2 diabetes 
mellitus: systematic review and meta-analysis. Bmj, 2010. 341: p. c4229. 

124. Huxley, R., et al., Coffee, decaffeinated coffee, and tea consumption in relation to 
incident type 2 diabetes mellitus: a systematic review with meta-analysis. Arch 
Intern Med, 2009. 169(22): p. 2053-63. 

125. Floegel, A., Coffee consumption and risk of chronic disease in the European 
Prospective Investigation into Cancer and Nutrition study, in Dept. Epidemiology, 
German Institute of Human Nutrition. 2011, Berlin School of Public Health. p. 76. 

126. Pimentel, G.D., et al., Does long-term coffee intake reduce type 2 diabetes mellitus 
risk? Diabetol Metab Syndr, 2009. 1(1): p. 6. 

127. Tong, X., et al., Dairy consumption and risk of type 2 diabetes mellitus: a meta-
analysis of cohort studies. Eur J Clin Nutr, 2011. 65(9): p. 1027-31. 

128. Arnold, C. and G. Jahreis, Milk Fat and Health. Ernährungs Umschau, 2011. 58(4): 
p. 177-181. 

129. Elwood, P.C., et al., The consumption of milk and dairy foods and the incidence of 
vascular disease and diabetes: an overview of the evidence. Lipids, 2010. 45(10): 
p. 925-39. 

130. Constant, J., The role of eggs, margarines and fish oils in the nutritional 
management of coronary artery disease and strokes. Keio J Med, 2004. 53(3): p. 
131-6. 

131. USDA, What is the effect of saturated fat (SFA) intake on increased risk of 
cardiovascular disease or type 2 diabetes, including effects on intermediate 
markers such as serum lipid and lipoprotein levels?, 
http://www.nel.gov/conclusion.cfm?conclusion_statement_id=250194. 2010, US 
Department of Agriculture: Nutrition Evidence Library. 

132. Zevenbergen, H., et al., Foods with a high fat quality are essential for healthy 
diets. Ann Nutr Metab, 2009. 54 Suppl 1: p. 15-24. 

133. Zock, P.L. and M.B. Katan, Butter, margarine and serum lipoproteins. 
Atherosclerosis, 1997. 131(1): p. 7-16. 

134. Denke, M.A., B. Adams-Huet, and A.T. Nguyen, Individual cholesterol variation in 
response to a margarine- or butter-based diet: A study in families. Jama, 2000. 
284(21): p. 2740-7. 

135. Judd, J.T., et al., Effects of margarine compared with those of butter on blood lipid 
profiles related to cardiovascular disease risk factors in normolipemic adults fed 
controlled diets. Am J Clin Nutr, 1998. 68(4): p. 768-77. 

136. Mensink, R.P., et al., Effects of dietary fatty acids and carbohydrates on the ratio 
of serum total to HDL cholesterol and on serum lipids and apolipoproteins: a meta-
analysis of 60 controlled trials. Am J Clin Nutr, 2003. 77(5): p. 1146-55. 

137. Wirfält, E., et al., Food sources of fat and sex hormone receptor status of invasive 
breast tumors in women of the Malmo Diet and Cancer cohort. Nutr Cancer, 2011. 
63(5): p. 722-33. 

138. Micha, R., S.K. Wallace, and D. Mozaffarian, Red and processed meat 
consumption and risk of incident coronary heart disease, stroke, and diabetes 
mellitus: a systematic review and meta-analysis. Circulation, 2010. 121(21): p. 
2271-83. 

139. Zheng, W. and S.A. Lee, Well-done meat intake, heterocyclic amine exposure, and 
cancer risk. Nutr Cancer, 2009. 61(4): p. 437-46. 

 
 
 



References   99 

140. USDA, What is the effect of dietary cholesterol intake on risk of cardiovascular 
disease, including effects on intermediate markers such as serum lipid and 
lipoprotein levels and inflammation?, 
http://www.nel.gov/conclusion.cfm?conclusion_statement_id=250193. 2010, US 
Department of Agriculture: Nutrition Evidence Library. 

141. Lee, S.A., et al., Animal origin foods and colorectal cancer risk: a report from the 
Shanghai Women's Health Study. Nutr Cancer, 2009. 61(2): p. 194-205. 

142. Aune, D., et al., Egg consumption and the risk of cancer: a multisite case-control 
study in Uruguay. Asian Pac J Cancer Prev, 2009. 10(5): p. 869-76. 

143. Missmer, S.A., et al., Meat and dairy food consumption and breast cancer: a 
pooled analysis of cohort studies. Int J Epidemiol, 2002. 31(1): p. 78-85. 

144. Wirfalt, E., et al., Food sources of fat and sex hormone receptor status of invasive 
breast tumors in women of the Malmo Diet and Cancer cohort. Nutr Cancer, 2011. 
63(5): p. 722-33. 

145. Kushi, L.H., et al., Prospective study of diet and ovarian cancer. Am J Epidemiol, 
1999. 149(1): p. 21-31. 

146. Bandera, E.V., et al., Consumption of animal foods and endometrial cancer risk: a 
systematic literature review and meta-analysis. Cancer Causes Control, 2007. 
18(9): p. 967-88. 

147. Pala, V., et al., Meat, eggs, dairy products, and risk of breast cancer in the 
European Prospective Investigation into Cancer and Nutrition (EPIC) cohort. Am J 
Clin Nutr, 2009. 90(3): p. 602-12. 

148. Holmes, M.D., et al., Meat, fish and egg intake and risk of breast cancer. Int J 
Cancer, 2003. 104(2): p. 221-7. 

149. Colditz, G.A., et al., Diet and risk of clinical diabetes in women. Am J Clin Nutr, 
1992. 55(5): p. 1018-23. 

150. Steffen, A., Development and Validation of a Risk Score predicting substantial 
Weight Gain over 5 Years in middle-aged European Men and Women, in Dept. 
Epidemiology, German Institute of Human Nutrition, Potsdam-Rehbrücke. 2012, 
Technische Universität: Berlin. p. 114. 

151. Jakubowicz, D., et al., Meal timing and composition influence ghrelin levels, 
appetite scores and weight loss maintenance in overweight and obese adults. 
Steroids, 2012. 77(4): p. 323-31. 

152. Canto, J.G., et al., Symptom presentation of women with acute coronary 
syndromes: myth vs reality. Arch Intern Med, 2007. 167(22): p. 2405-13. 

153. Kannel, W.B., Silent myocardial ischemia and infarction: insights from the 
Framingham Study. Cardiol Clin, 1986. 4(4): p. 583-91. 

154. Maas, A.H., et al., Red alert for women's heart: the urgent need for more research 
and knowledge on cardiovascular disease in women: proceedings of the workshop 
held in Brussels on gender differences in cardiovascular disease, 29 September 
2010. Eur Heart J, 2011. 32(11): p. 1362-8. 

155. Menzel, C., L. Kessner, and M. Flothkötter, Nutzung von Modellen in der 
Ernährungsberatung- Ergebnisse einer Befragung aus dem Jahr 2007. Ernährung 
im Fokus, 2009. 9(6): p. 1-8. 

156. Johannsen, U., et al., Evaluation Study on the Use and Benefit of Three 
Dimensional Food Pyramids in Nutritional Education and Advice. Ernährungs 
Umschau, 2011. 58(1): p. 19-25. 

157. Die neue Lebensmittelpyramide: Ergebnisse unserer Online-Umfrage. 
Ernährungs-Umschau, 2005. 52(6): p. 247. 

158. Eissing, G. and J. Lach, Evaluation of food circle and food pyramid at school. 
Ernährungs-Umschau, 2003. 50(2): p. 50-+. 



Appendix   VIII 

Appendix 

Table 17 Portion sizes for adults recommended by the German Agency for 

Consumer Information (AID) [3] (adopted from [77]) 

Food subgroup Portion size (w/m) Food group Servings per day3 
Water 280 ml 
Juice1 100 ml 

Beverages 
 

6 
 

Bread, cereals 70/85 g 
Potatoes, pasta, rice, cereals 
(cooked) 

200/250 g 
Cereals 4 

 
 

Vegetables, salad 140 g Vegetables 3 
Fruits 125 g Fruits 2 
Milk 250 ml 
Yoghurt 150 g 
Cheese   30 g 

 
Dairy products 

 

 
3 
 

Meat  200 g 
Sausages    30 g 
Fish 150-200 g 
Eggs 2-3 eggs 

 
Meat, sausages, 

fish, eggs 

 
1 
 
 

Oil 18/20 g 
Margarine, butter 18/20 g 

Added fat and oil 2 
 

Sweets, snacks    220/270 kcal 
Alcoholic beverages 10-20 g 

(pure ethanol) 

Sweets, snacks2 1 
 

 
Abbreviations: w, women; m, men. 
1 The first juice serving was counted as fruit, every additional juice servings, if any, were assigned to 
  beverages.  
2 Alcohol was not incorporated in the HEI-AID calculation. 
3 After adaptation to individual energy requirement, the recommended number of servings for each food group 
  was used as criterion to assign an optimal score of 10; a score of zero was assigned to non-consumers of 
  the respective food group. An exception was the sweets and snacks component that was scored inversely, 
  i.e. a higher intake resulted in a lower score (a maximum score of 10 was assigned if intake did not exceed 
  the recommended amount). 
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Table 18 Food group intake recommended in the Nutrition Circle by the German 

Nutrition Society [4, 30] 

Group Foods 

 
Plant food 

 
Cereal products, potatoes 
 

� Bread 200-300 g (4-6 slices) or  
             bread 150-250 g (3-5 slices) and 50-60 g cereal flakes 

� Potatoes 200-250 g (cooked) or  
             pasta 200-250 g (cooked) or 
             rice 150-180 g (cooked) 
 
Prefer whole-grain products 
 

 Vegetables, salads 
 

� Vegetables: 400 g and more 
             cooked vegetables 300 g + raw vegetables/salad 100 g or 
             cooked vegetables 200 g + raw vegetables/salad 200 g 
 

 Fruit 
 

� 2-3 servings (250 g) and more 
 

 
Animal food 

 
Dairy products 
 

� Milk/yoghurt 200-250 g 
� Cheese 50-60 g 

 
Prefer low-fat products 
 

 Meat, sausage, fish, and egg (per week) 
 

� Meat and sausage: 300-600 g in total 
 
Prefer low-fat products 
 

� Fish: sea fish low-fat 80-150 g and sea fish high-fat 70 g 
� Egg: up to 3 pieces (incl. processed egg) 

 
 
Fat, oils 

 
� Butter, margarine: 15-30 g 
� Oil (e.g. rapeseed, soy bean, walnut oil): 10-15 g 

 
 
Beverages 

 
� In total at least 1.5 litre, preferable low-energy beverages 
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Table 19 Criteria for ranking of foods within the sides of the 3D Food Guide 

Pyramid [30, 32] 

Pyramid side 
 

Evaluation criterion 

Plant food Energy density, nutrient density, micronutrients (vitamins, minerals), 
fibre, phytochemicals and dietary fibre, preventive effects on the 
prevalence of chronic diseases (e.g. cancer, cardiovascular diseases) 

Animal food Energy density, nutrient density (e. g. calcium, iron, zinc, selenium, and 
B vitamins), fatty acid composition (saturated fatty acids, n-3 fatty 
acids), undesirable by-products, preventive aspects from 
epidemiological studies with respect to chronic degenerative diseases 
(e.g. cancer, cardiovascular diseases) 

Fat and oil Fatty acid composition (saturated, monounsaturated and 
polyunsaturated fatty acids; trans-fatty acids), ratio of n–6:n–3 fatty 
acids, vitamin E, cholesterol, practical aspects (use of oils/fats in 
cooking), preventive aspects 

Beverages Energy density (% carbohydrates: medium: <7% carbohydrates; high: 
>7% carbohydrates), vitamins, content of secondary plant metabolites, 
content of stimulating substances like caffeine, sweeteners  
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Table 20 Assignment of food items of the baseline FFQ to food groups used in the 

AID-Food Pyramid or DGE-Nutrition Circle (based on EPIC-Soft) 

Group of the AID-Food 
Pyramid/ DGE-Nutrition Circle 

Items of the baseline FFQ 

 
(1) Beverages 
 
 
(2) Juices 

 
Mineral/tap water, fruit/herbal tea, coffee (with caffeine), coffee 
(without caffeine), coffee substitute (made from barley malt), tea 
(black or green), non-alcoholic beer/malt beer, clear bouillon/ soup 
Apple juice, orange juice, grapefruit juice, juice from grapes, 
cherries or pineapple, multi-vitamin fruit juice, lemon juice 

(3) Vegetables Leafy vegetables (e.g. lettuce, endive, lamb’s lettuce), Chinese 
cabbage, mixed salad, raw carrots, cooked carrots, seeds and 
shouts, raw pepper, cooked pepper, raw tomatoes, cooked 
tomatoes/tomato sauce, ketchup, cabbage (e.g. cauliflower, red and 
white cabbage, broccoli, kohlrabi), fruiting vegetables (e.g. 
courgette, aubergines), spinach, leek, salsify/celery, asparagus, 
green beans, green peas, mixed vegetables (Leipzig 
style)/ratatouille, sauerkraut, garlic (cooked/roasted), soured 
vegetables (e.g. gherkins, pearl onions), raw onions, fresh herbs, 
fresh mushrooms 

(4) Fruit Apple, pear, peach/nectarine, cherries/plums/mirabelle, grapes, 
strawberries, currant/raspberries/blackberries, banana, kiwi/fresh 
pineapple/mango, orange/grapefruit, tangerine, canned fruit 

(5) Bread and cereal (flakes) Cornflakes/crisps, rye/brown bread, white or wheat toast, whole-
grain bread, white rolls, dark or whole-grain rolls, 
croissant/crispbread/lye pretzel 

(6) Side dishes   Potatoes, mashed potatoes, pasta, rice 
(7) Milk1 Milk/milkshake  
(8) Yoghurt1 Yoghurt, fruit yoghurt, soured milk/kefir, curd/ curd with herbs  
(9) Cheese1  Cream cheese, processed cheese, hard cheese (e.g. gouda, 

Emmental cheese, Tilsiter cheese), soft cheese (e.g. camembert, 
brie, gorgonzola), whipped cream 

(10) Meat Steak/fillet/loin of beef, roast beef, pork cutlet/chop/steak/filet/loin, 
roast pork, smoked pork chop/spare ribs, cooked meat from 
pork/knuckle of pork, pork belly, liver, veal/lamb/ rabbit, broiler 

(11) Sausage Liver sausage, teewurst or other meat paste, salami, bacon/smoked 
pork chop, jadgwurst/bierwurst/lyoner/ham sausage, black 
pudding/collared pork, hamburger/meat loaf, bratwurst, 
wiener/bockwurst/knackwurst 

(12) Fish Canned fish/smoked fish, fish 
(13) Egg Hard or soft boiled egg 
(14) Fat Butter, margarine, low-fat margarine, vegetable cooking fat, animal 

cooking fat 
(15) Oil Olive oil, sunflower oil/germ oil or other oil, sauce 
(16) Sweets and Snacks Jam/jelly, honey, sweet casserole, pancake, fruit cake, 

sponge/marble/ring cake; cream cake/fruit flan, yeast pastry, sweet 
pastry, chocolate, sweet bars (e.g. chocolate bars), cookies, 
pralines, ice cream, chips/flips/pretzel sticks, sugar, lemonade, cola 

 
Food items (mixed dishes) that 
consists of different EPIC-Soft 
subgroups: were disaggregated into 
their ingredients, which were then 
assigned to the appropriate food 
group 

 
Muesli, nut-nougat cream/peanut butter, fried egg/scrambled 
egg/omelette, beef roulade, beef goulash/meat cut into small 
pieces, pork goulash/meat cut into small pieces, Bolognese sauce, 
turkey strips/turkey escalope/chicken fricassee, mushroom dishes, 
potato dumpling/bread dumpling, French fries/croquettes, fried 
potatoes, potato salad, vegetarian dishes, pizza, (bacon) 
quiche/onion tart, potato pancake, lentil/pea/bean stew, 
vegetable/potato stew, pudding/fruit curd, mixed nuts, coffee (with 
or without caffeine) with milk or coffee cream/coffee whitener, coffee 
substitute with milk or coffee cream/coffee whitener, tea with milk or 
coffee cream/coffee whitener, salad dressing/cream/crème 
fraiche/mayonnaise 

 

1 Dairy products contain low-fat as well as high-fat milk, yoghurt, curd, and cheese. 
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Table 21 Definition of 45 food groups 

Food group 
 

Items of the baseline FFQ 

 
Whole-grain bread 

 
Whole-grain bread, dark or whole-grain rolls 

Other bread  Rye/brown bread, white or wheat toast, white rolls, 
croissant/crispbread/lye pretzel 

Grain flakes, muesli  Grain flakes/muesli 
Cornflakes, crisps Cornflakes/crisps 
Pasta, rice  Pasta, rice 
Potatoes Potatoes, mashed potatoes, potato dumpling/bread dumpling, potato 

salad 
Fried potatoes  French fries/croquettes, fried potatoes, potato pancake 
 
Vegetarian dishes  

 
Vegetarian dishes (e.g. polenta, soy ragout) 

Fresh fruit  Apple, pear, peach/nectarine, cherries/plums/mirabelle, grapes, 
strawberries, currant/raspberries/blackberries, banana, kiwi/fresh 
pineapple/mango, orange/grapefruit, tangerine 

Canned fruit Canned fruit 
Raw vegetables  Leafy vegetables (e.g. lettuce, endive, lamb’s lettuce) ,mixed salad, 

cucumber, raw carrots, seeds and shouts, raw pepper, raw 
tomatoes, radish, raw onions 

Cabbage  Cabbage (e.g. cauliflower, red and white cabbage, broccoli, kohlrabi) 
Cooked vegetables  Cooked tomatoes/tomato sauce, cooked pepper, fruiting vegetables 

(e.g. courgette, aubergines), spinach, leek, cooked carrots, 
salsify/celery, asparagus, mixed vegetables (Leipzig 
style)/ratatouille, sauerkraut 

Garlic Garlic (cooked/roasted) 
Mushrooms Mushroom dishes, fresh mushrooms 
Legumes Green beans, green peas, lentil/pea/bean stew 
 
Low-fat dairy products 

 
Fat-reduced variants of: milk/milkshake (1.5% fat or less), yoghurt, 
fruit yoghurt (1.5% fat or less), soured milk/kefir, curd/curd with 
herbs 

High-fat dairy products Normal- or high-fat variants of: milk/milkshake, yoghurt, fruit yoghurt, 
soured milk/kefir, curd/curd with herbs 

Low-fat cheese Fat-reduced variants of: Cream cheese, hard cheese (e.g. gouda, 
Emmental cheese, Tilsiter cheese), soft cheese (e.g. camembert, 
brie, gorgonzola)  

High-fat cheese Normal- or high-fat variants of: Cream cheese, processed cheese, 
hard cheese (e.g. gouda, Emmental cheese, Tilsiter cheese), soft 
cheese (e.g. camembert, brie, gorgonzola), whipped cream 

 
Water 

 
Mineral/tap water 

Coffee  Coffee (with or without milk, coffee cream/coffee whitener, artificial 
sweetener) 

De-caffeinated coffee  De-caffeinated coffee (with or without milk, coffee cream/coffee 
whitener, artificial sweetener) 

Tea  Tea (black or green), fruit/herbal tea 
Fruit juice Apple juice, orange juice, grapefruit juice, juice from grapes, cherries 

or pineapple, multi-vitamin fruit juice, lemon juice 
Low-energy soft drinks  Calorie-reduced cola, calorie-reduced lemonade 
High-energy soft drinks  Cola, lemonade, non-alcoholic beer/malt beer 
Soup Vegetable/potato stew, clear bouillon/soup, thickened/cream soup, 

meat/fish/vegetable soup 



Appendix   XIII 

Table 21 continued 

Food group 
 

Items of the baseline FFQ 

 
Butter  

 
Butter, fat-reduced butter, butter used for preparation of meat, butter 
used for preparation of cooked vegetables 

Margarine  Margarine, half-fat margarine, margarine used for preparation of 
meat, margarine used for preparation of cooked vegetables 

Other vegetable fat  Olive oil, sunflower oil/germ oil or other oil, vegetable cooking fat- 
also for preparation of vegetables or meat 

Nuts  Mixed nuts (e.g. peanuts, walnuts, Para nuts) 
Other fat  Animal cooking fat, unclassified fat for preparation of meat and 

vegetables 
Sauce  Salad dressing/cream/crème fraiche/mayonnaise, ketchup, sauce 

eaten with meat/fish, or sauce with vegetables 
 
Fish  

 
Canned fish/smoked fish, fish 

Poultry Broiler, turkey strips/turkey escalope/chicken fricassee 
Red meat  Steak/fillet/loin of beef, roast beef, beef roulade, beef goulash/meat 

cut into small pieces, 
hamburger/meat loaf, Bolognese sauce,  
pork cutlet/chop/steak/filet/loin, roast pork, smoked pork chop/spare 
ribs, cooked meat from pork/knuckle of pork, pork belly, liver, 
veal/lamb/ rabbit, pork goulash/meat cut into small pieces 

Processed meat  Liver sausage, teewurst or other meat paste, salami, bacon/smoked 
pork chop, jadgwurst/bierwurst/lyoner/ham sausage, black 
pudding/collared pork, bratwurst, wiener/bockwurst/knackwurst 

Eggs Hard or soft boiled egg, fried egg/scrambled egg/omelette 
 
Chips  

 
Chips/flips/pretzel sticks 

Pizza  Pizza, (bacon) quiche/onion tart 
Cakes, cookies  Pancake, fruit cake, sponge/marble/ring cake; cream cake/fruit flan, 

yeast pastry, sweet pastry, cookies 
Confectionary  Chocolate, sweet bars (e.g. chocolate bars), pralines, ice cream, 

sugar 
Sweet bread spreads  Jam/jelly, honey, nut-nougat cream/peanut butter 
Desserts  Sweet casserole, pudding/fruit curd or other sweet dishes 
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Figure 14 Exemplary page of the baseline FFQ  
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Figure 15 Verification form for diabetes 



Appendix   XVI 

 

Figure 16 Verification form for myocardial infarction 
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Figure 17 Verification form for stroke 
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Figure 18 Verification form for cancer 
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Table 22 Intake distribution of 45 food groups in men in grams per day 

Food group 
 

P10 P25 P50 P75 P90 

      
Whole-grain bread 0.0  3.4 16.8  53.9 114.6 
Other bread  61.6 104.6 162.1 220.0 283.4 
Grain flakes, muesli 0.0 0.0 0.0 0.8 17.8 
Cornflakes, crisps 0.0 0.0 0.0 0.3 3.3 
Pasta, rice  2.2 5.9 13.2 22.7 35.8  
Potatoes 33.0 54.1 87.0 126.5 167.3 
Fried potatoes   3.9 7.1 14.8 25.1 38.1 
      
Vegetarian dishes 0.0 0.0 0.0 0.0 2.0 
Fresh fruit  38.1  66.5 94.3  165.2 228.8 
Canned fruit 1.0  4.9 9.9  17.1 42.7 
Raw vegetables  13.6  23.1 37.8  64.1 79.0 
Cabbage  2.0  4.7 9.3  17.1 29.2  
Cooked vegetables  8.8  15.7 23.6  34.9 49.6 
Garlic 0.0  0.0 0.0 0.1 0.3 
Mushrooms 0.3  0.6 1.1  2.4 4.7  
Legumes 6.8  11.6 23.1  39.9 56.7 
      
Low-fat dairy products 0.0  0.0 12.1  80.1 225.1 
High-fat dairy products 1.1  11.9 45.5  125.9 256.9 
Low-fat cheese 0.0  0.0 0.0 0.9 18.6 
High-fat cheese 2.7  11.2 29.0  38.9 73.0 
      
Water 10.1  66.7 221.2 500.0 848.3 
Coffee  21.4  213.7 450.0  600.0 900.0  
De-caffeinated coffee 0.0  0.0 0.0 0.0 12.3 
Tea  2.5  24.7 109.3  302.5 600.0 
Fruit juice 10.3  39.8 114.0  249.1 442.3 
Low-energy soft drinks 0.0  0.0 0.0 0.0 2.5 
High-energy soft drinks 0.0  0.0 6.9  50.1 213.7 
Soup 7.8  18.3 35.1  55.6 87.0  
      
Butter  0.0  0.5 3.6  16.0 30.7  
Margarine  0.0  2.9 15.0  30.0 40.0  
Other vegetable fat  0.2  1.0 2.3  4.1 6.4  
Nuts 0.4  0.4 0.8  4.1 8.2 
Other fat 0.0  0.0 0.0 0.0 1.4 
Sauce  2.7  5.2 9.9  17.6 27.9  
      
Fish  4.6  11.2 23.0  33.9 50.4  
Poultry 2.7  5.2 10.7  20.1 31.8  
Red meat  18.0  31.4 46.7  69.6 98.4  
Processed meat  28.0  44.0 65.0  100.9 142.8 
Eggs 5.1  9.0 17.8  25.3 35.6 
      
Chips  0.0  0.4 0.8  3.6 7.1  
Pizza  0.0  1.6 4.3  8.5 21.7 
Cakes, cookies  11.8  25.1 51.3  89.1 144.2  
Confectionary  2.9  7.6 16.6  32.2 54.4  
Sweet bread spreads  0.2  2.5 10.0  20.0 30.0  
Desserts  1.6  2.2 10.3  18.9 44.5  
 
P: Percentile 
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Table 23 Intake distribution of 45 food groups in women in grams per day 

Food group 
 

P10 P25 P50 P75 P90 

 
Whole-grain bread 

 
1.7  

 
9.0 

 
30.1  

 
71.4 

 
116.6 

Other bread  25.8  59.7 97.7  145.3 189.1  
Grain flakes, muesli  0.0  0.0 0.4 4.1 17.8 
Cornflakes, crisps  0.0  0.0 0.0 0.7 5.7 
Pasta, rice  2.7  6.5 12.5  21.4 33.3  
Potatoes 24.2  40.3 66.6  100.3 132.7 
Fried potatoes  2.2  4.0 7.7  14.8 23.4  
 
Vegetarian dishes  

 
0.0  

 
0.0 

 
0.0 

 
0.4 

 
2.9 

Fresh fruit  62.7  89.5 131.5  196.1 283.9 
Canned fruit 1.0  2.0 9.9  17.1 42.7  
Raw vegetables  19.9  32.4 51.9  71.8 120.6  
Cabbage  2.6  5.5 10.3  18.1 29.8  
Cooked vegetables  11.1  17.6 26.0  38.0 53.0  
Garlic 0.0  0.0 0.02 0.1 0.3 
Mushrooms 0.3  0.6 1.2  2.7 4.8  
Legumes 4.5  8.0 14.5  26.9 39.5  
 
Low-fat dairy products 

 
0.0  

 
0.7 

 
31.6 

 
150.0 

 
300.7 

High-fat dairy products 0.6  11.5 55.0  150.0 259.0  
Low-fat cheese 0.0  0.0 0.0 6.2 24.5 
High-fat cheese 0.8  9.5 23.3  36.4 62.4 
 
Water 

 
26.0  

 
135.2 

 
350.8  

 
644.1 

 
995.5 

Coffee  24.7  300.0 300.0  600.0 600.0 
De-caffeinated coffee 0.0  0.0 0.0 0.0 42.7 
Tea  12.3  49.3 162.3  353.4 653.4 
Fruit juice 14.8  50.3 134.2  274.7 457.6 
Low-energy soft drinks 0.0  0.0 0.0 0.0 3.2 
High-energy soft drinks 0.0  0.0 0.0  9.9 60.4 
Soup 6.8  16.1 30.4  48.0 76.1  
 
Butter  

 
0.0  

 
0.6 

 
2.8  

 
10.7 

 
21.0  

Margarine  0.0  2.8 10.5  20.6 35.0  
Other vegetable fat  0.5  1.3 2.8  4.9 7.7  
Nuts 0.0  0.4 0.8  4.1 7.1 
Other fat 0.0  0.0 0.0 0.0 0.9 
Sauce  2.2  4.2 8.1  14.8 23.8  
 
Fish  

 
3.3  

 
9.0 

 
16.4  

 
28.5 

 
39.9  

Poultry 2.2  4.0 8.2  15.3 24.4  
Red meat  10.5  18.9 30.4  44.5 62.9  
Processed meat  14.5  25.2 43.0  59.7 90.3  
Eggs 3.2  8.4 13.6  20.7 29.6  
 
Chips  

 
0.0  

 
0.4 

 
0.4  

 
2.1 

 
4.1 

Pizza  0.0  2.0 4.0  8.1 18.4  
Cakes, cookies  11.3  22.7 43.4  76.4 119.7 
Confectionary  2.5  6.4 13.8  27.0 47.7  
Sweet bread spreads  0.4  2.8 8.1  16.4 25.0  
Desserts  1.6  2.6 10.1  17.8 37.6  
 
P: Percentile 
 



Appendix   XXI 

Table 24 Proportion of non-consumers (%) of the 45 food groups among males and 

females  

Food group 
 

Total sample Men Women 

 
Whole-grain bread 

 
9.6 

 
14.9 

 
6.3 

Other bread  0.8 0.5 1.0 
Grain flakes, muesli  56.1 66.5 49.6 
Cornflakes, crisps 63.9 71.9 58.9 
Pasta, rice  1.4 2.3 0.8 
Potatoes 0.1 0.1 <0.1 
Fried potatoes  1.8 1.3 2.1 
 
Vegetarian dishes  

 
77.2 

 
80.9 

 
74.8 

Fresh fruit  <0.1 0.1 <0.1 
Canned fruit 5.3 4.5 5.9 
Raw vegetables  0.1 0.1 0.1 
Cabbage  0.3 0.4 0.2 
Cooked vegetables  <0.1 <0.1 <0.1 
Garlic 50.7 52.1 49.8 
Mushrooms 4.5 4.4 4.6 
Legumes  0.4 0.2 0.4 
 
Low-fat dairy products 

 
30.1 

 
38.3 

 
24.9 

High-fat dairy products 3.5 3.6 3.4 
Low-fat cheese 67.6 73.6 63.9 
High-fat cheese 5.9 5.4 6.3 
 
Water 

 
4.6 

 
5.8 

 
3.9 

Coffee  6.5 6.8 6.4 
De-caffeinated coffee  83.6 85.5 82.4 
Tea  4.4 6.6 3.0 
Fruit juice 1.0 1.4 0.8 
Low-energy soft drinks  87.7 88.8 87.0 
High-energy soft drinks  47.3 35.2 54.8 
Soup 0.6 0.7 0.5 
 
Butter  

 
13.8 

 
15.3 

 
12.9 

Margarine  10.7 10.9 10.5 
Other vegetable fat  6.0 7.4  5.1 
Nuts  13.6 12.5 14.2 
Other fat  79.1 76.4 80.8 
Sauce  0.4 0.4  0.4 
 
Fish  

 
2.3 

 
2.3 

 
2.3 

Poultry 1.9 2.2 1.7 
Red meat  0.7 0.4 0.9 
Processed meat  0.8 0.5 1.0 
Eggs 1.4 1.5 1.4 
 
Chips  

 
20.4 

 
20.4 

 
20.5 

Pizza  18.8 22.9 16.2 
Cakes, cookies  0.5 0.7 0.3 
Confectionary  0.6 0.7 0.6 
Sweet bread spreads  6.8 9.0 5.5 
Desserts  6.1 7.3 5.4 
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Table 25 Increase of food group intake by one serving per day and risk of chronic 

diseases (CVD, type 2 diabetes, and cancer) in the EPIC-Potsdam cohort  

Food group 
(portion size) 

HR (95 % CI): 
chronic disease1 

HR (95 % CI):  
CVD1 

HR (95 % CI): 
Type 2 diabetes1 

HR (95 % CI): 
Cancer2 

     
Whole-grain bread (50 g) 0.96 (0.92-1.01) 0.98 (0.87-1.09) 0.93 (0.87-1.01) 0.97 (0.91-1.04) 
Other bread (50g) 1.00 (0.97-1.04) 1.00 (0.92-1.09) 1.00 (0.94-1.05) 1.01 (0.96-1.07) 
Grain flakes, muesli (50 g) 1.08 (0.90-1.30) 0.56 (0.31-1.05) 1.16 (0.85-1.58) 1.13 (0.89-1.44) 
Cornflakes, crisps (50 g) 1.27 (0.81-1.97) 1.63 (0.67-3.98) 1.28 (0.61-2.70) 1.10 (0.55-2.19) 
Pasta, rice (100 g) 0.92 (0.66-1.28) 1.01 (0.46-2.23) 1.02 (0.61-1.69) 0.80 (0.47-1.36) 
Potatoes (100 g) 1.02 (0.93-1.12) 1.02 (0.82-1.27) 1.05 (0.91-1.21) 0.99 (0.85-1.15) 
Fried potatoes (100 g) 0.80 (0.57-1.10) 0.57 (0.26-1.24) 1.17 (0.73-1.86) 0.63 (0.36-1.08) 
     
Vegetarian dishes (100 g) 0.72 (0.19-2.70) 1.80 (0.17-19.6) 0.40 (0.02-7.69) 0.55 (0.09-3.35) 
Fresh fruit (100 g) 0.98 (0.93-1.04) 1.07 (0.96-1.21) 0.98 (0.90-1.06) 0.95 (0.87-1.03) 
Canned fruit (100 g) 0.90 (0.75-1.07) 0.79 (0.51-1.22) 1.03 (0.79-1.34) 0.84 (0.63-1.12) 
Raw vegetables (100 g) 0.90 (0.79-1.01) 0.67 (0.48-0.93) 0.86 (0.70-1.04) 1.06 (0.89-1.26) 
Cabbage (100 g) 0.89 (0.64-1.24) 1.04 (0.49-2.21) 0.95 (0.57-1.60) 0.79 (0.47-1.31) 
Cooked vegetables (100 g) 0.92 (0.71-1.19) 0.68 (0.35-1.31) 0.94 (0.63-1.41) 1.02 (0.69-1.51) 
Garlic (2 g) 0.89 (0.69-1.15) 1.11 (0.63-1.95) 0.78 (0.51-1.21) 0.90 (0.60-1.36) 
Mushrooms (10 g) 1.08 (0.90-1.29) 0.88 (0.55-1.41) 1.05 (0.79-1.39) 1.19 (0.91-1.56) 
Legumes (100 g) 0.95 (0.77-1.18) 0.87 (0.52-1.45) 1.00 (0.72-1.39) 0.91 (0.64-1.29) 
     
Low-fat dairy products (100 g) 1.03 (1.01-1.06) 1.03 (0.97-1.10) 1.04 (1.00-1.08) 1.02 (0.98-1.06) 
High-fat dairy products (100 g) 0.99 (0.96-1.02) 0.94 (0.86-1.02) 0.99 (0.95-1.04) 1.00 (0.96-1.05) 
Low-fat cheese (30 g) 1.00 (0.90-1.12) 0.97 (0.74-1.27) 0.97 (0.82-1.15) 1.03 (0.86-1.22) 
High-fat cheese (30 g) 1.00 (0.94-1.06) 1.01 (0.89-1.15) 0.96 (0.87-1.05) 1.02 (0.93-1.11) 
     
Water (200 g) 1.01 (0.98-1.03) 1.00 (0.95-1.06) 1.01 (0.98-1.04) 1.00 (0.97-1.04) 
Coffee (150 g) 0.97 (0.94-0.99) 1.01 (0.96-1.06) 0.94 (0.91-0.98) 0.97 (0.94-1.01) 
Decaffeinated coffee (150 g) 1.00 (0.93-1.06) 1.02 (0.89-1.17) 0.98 (0.89-1.08) 1.04 (0.94-1.14) 
Tea (150 g) 1.00 (0.98-1.02) 0.96 (0.91-1.02) 1.00 (0.97-1.03) 1.01 (0.99-1.04) 
Fruit juice (200 g) 1.03 (0.99-1.07) 1.02 (0.93-1.13) 1.06 (1.00-1.12) 0.99 (0.93-1.06) 
Low-energy soft drinks (200 g) 1.00 (0.90-1.12) 1.08 (0.85-1.37) 0.91 (0.78-1.07) 1.06 (0.87-1.28) 
High-energy soft drinks (200 g) 1.01 (0.96-1.08) 1.03 (0.91-1.17) 1.04 (0.96-1.12) 0.97 (0.87-1.09) 
Soup (250 g) 0.91 (0.67-1.23) 0.65 (0.31-1.37) 1.04 (0.67-1.63) 0.93 (0.59-1.49) 
     
Butter (5 g) 1.03 (1.01-1.05) 1.04 (1.00-1.08) 1.02 (0.99-1.05) 1.02 (0.99-1.05) 
Margarine (5 g) 0.99 (0.97-1.01) 1.00 (0.96-1.04) 1.01 (0.98-1.03) 0.97 (0.95-1.00) 
Other vegetable fat (5 g) 1.05 (0.96-1.15) 0.90 (0.70-1.15) 1.14 (0.99-1.31) 1.04 (0.91-1.19) 
Nuts (5 g) 0.99 (0.97-1.02) 1.01 (0.95-1.08) 0.96 (0.91-1.01) 1.01 (0.97-1.05) 
Other fat (5 g) 1.22 (0.80-1.87) 0.23 (0.06-0.87) 1.92 (1.07-3.47) 1.46 (0.76-2.82) 
Sauce (5 g) 1.02 (1.00-1.04) 1.01 (0.96-1.06) 1.01 (0.98-1.04) 1.03 (1.00-1.06) 
     
Fish (100 g) 1.12 (0.96-1.31) 1.20 (0.84-1.72) 1.19 (0.94-1.49) 1.07 (0.82-1.38) 
Poultry (100 g) 0.99 (0.69-1.41) 0.56 (0.22-1.41) 0.99 (0.58-1.71) 1.29 (0.74-2.23) 
Red meat (100 g) 1.26 (1.08-1.46) 1.21 (0.86-1.72) 1.25 (1.00-1.56) 1.30 (1.02-1.67) 
Processed meat (100 g) 1.00 (0.89-1.12) 0.84 (0.63-1.10) 1.02 (0.87-1.20) 1.02 (0.85-1.22) 
Eggs (60 g) 1.11 (0.95-1.28) 1.14 (0.82-1.59) 1.06 (0.84-1.34) 1.15 (0.92-1.45) 
     
Chips (50 g) 0.69 (0.44-1.09) 0.90 (0.34-2.34) 0.54 (0.26-1.14) 0.75 (0.37-1.53) 
Pizza (50 g) 0.75 (0.55-1.02) 1.58 (0.97-2.58) 0.66 (0.40-1.09) 0.52 (0.31-0.87) 
Cakes, cookies (50 g) 0.93 (0.89-0.98) 1.01 (0.92-1.11) 0.91 (0.85-0.98) 0.92 (0.85-0.99) 
Confectionary (50 g) 0.95 (0.86-1.05) 1.05 (0.84-1.30) 0.89 (0.75-1.05) 0.96 (0.82-1.13) 
Sweet bread spread (10 g) 0.99 (0.96-1.03) 1.06 (0.98-1.14) 0.93 (0.88-1.00) 1.01 (0.96-1.07) 
Desserts (50 g) 0.93 (0.83-1.05) 1.07 (0.83-1.37) 0.96 (0.79-1.16) 0.88 (0.73-1.07) 
 
1 All food groups were stratified by age, and adjusted for sex, smoking status, alcohol intake, leisure-time physical activity 
  (walking, cycling, sports in hours per week), BMI, waist-to-hip ratio, prevalent hypertension at baseline, history of high 
  blood lipid levels at baseline, education, vitamin supplementation, non-consumption of the respective food group, total 
  energy intake, and additional adjusted for intake of whole-grain-bread, fresh fruit, raw vegetables, and red meat. 
2 Models for cancer include the same covariate-set as models for CVD and type 2 diabetes, except history of high blood lipid 
  levels and prevalent hypertension at baseline. 
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Table 26 Sex-stratified results for food groups showing a significant interaction 

with sex concerning risk of CVD, type 2 diabetes, cancer, or overall 

chronic diseases 

 HR per serving per 
day1- model A2 

HR per serving per 
day1- model B3 

p for interaction4 

Major chronic diseases    
High-fat dairy- males 0.96 (0.92-1.01) 0.96 (0.92-1.01) 0.04 
High-fat dairy- females 1.02 (0.98-1.06) 1.02 (0.98-1.07)  
High-fat cheese- males 0.95 (0.88-1.03) 0.96 (0.89-1.03) 0.02 
High-fat cheese- females 1.06 (0.97-1.16) 1.06 (0.97-1.16)  
Pizza- males 0.71 (0.48-1.07) 0.70 (0.47-1.06) 0.04 
Pizza- females 0.95 (0.60-1.52) 0.94 (0.59-1.50)  
CVD    
Muesli - males 0.83 (0.44-1.55) 0.89 (0.48-1.64) 0.02 
Muesli - females 0.16 (0.04-0.71) 0.15 (0.04-0.67)  
Fresh fruit - males 0.88 (0.74-1.05) 0.93 (0.78-1.12) 0.01 
Fresh fruit - females 1.13 (0.98-1.30) 1.21 (1.04-1.41)  
Water - males 0.92 (0.84-1.00) 0.93 (0.85-1.02) 0.02 
Water - females 1.07 (0.99-1.14) 1.07 (0.99-1.14)  
Fruit juice - males 0.96 (0.84-1.09) 0.97 (0.85-1.11) 0.05 
Fruit juice - females 1.10 (0.96-1.26) 1.09 (0.95-1.26)  
Cakes, cookies - males 0.95 (0.84-1.08) 0.95 (0.84-1.09) 0.03 
Cakes, cookies- females 1.07 (0.95-1.22) 1.09 (0.95-1.24)  
Type 2 diabetes    
Low-fat cheese- males 1.04 (0.85-1.27) 1.07 (0.88-1.31) 0.02 
Low-fat cheese- females 0.80 (0.58-1.07) 0.80 (0.60-1.09)  
Cancer    
Cooked vegetables- males 1.70 (1.03-2.79) 1.55 (0.90-2.67) 0.01 
Cooked vegetables - females 0.80 (0.47-1.35) 0.71 (0.41-1.25)  
Eggs- males 0.90 (0.58-1.38) 0.88 (0.57-1.36) 0.04 
Eggs- females 1.32 (1.07-1.63) 1.31 (1.05-1.63)  
Cakes, cookies- males 0.98 (0.90-1.07) 0.98 (0.90-1.08) 0.03 
Cakes, cookies - females 0.82 (0.73-0.93) 0.81 (0.72-0.92)  
 
1 The serving size is defined in Table 11 and Table 25 (see preceding page). 
2 Model A: Each food group was entered individually into the model, stratified by age, and adjusted for sex, 
  smoking status (never, former, current), alcohol intake (g/d), leisure-time physical activity (walking, cycling, 
  sports in hours per week), BMI (kg/m2), waist-to-hip ratio, prevalent hypertension and history of high blood 
  lipid levels at baseline (yes/no; not used in the models for cancer), education (vocational training or lower 
  degree vs. trade school, technical school or university), vitamin supplementation (yes/no), non-consumption 
  of the respective food group (yes/no), and total energy intake (kJ/day). 
3 Model B: Analogous with model A, but with additional adjustment for consumption of whole-grain bread, raw 
  vegetables, fresh fruit, and red meat (servings/d). 
4 Tests for interaction of food group intake (in servings/day) with sex were conducted using likelihood 
  ratio tests by comparing the log likelihoods of model A with and without inclusion of the multiplicative term of 
  food group intake and sex. 
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