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ABSTRACT: Results of a study using duster analysis to identify structures in 
daily food consumption is presented. The data originate from nutritional records 
of 86 individuals collected in two seasons. Three strategies were followed when 
performing the duster analysis by (1) using different dustering procedures, (2) 
different lists of food groups, i.e. by including or excluding beverages, and (3) 
varying the number of clusters. The investigation Iead to relatively stable and 
plausible clusters representing food patterns prevailing in the study population. 
Of all duster solutions a 5-cluster parcition based on 16 food groups was given 
priority. According w their consumption profiles the clusters were labeled as 
"meat", "bread", "fruit", "wine", and "juice" duster. For this solution the 
cluster-specific nutrient intake was calculated revealing two well provided 
clusters compared to the average, two less weil provided duster, and one duster 
corresponding more or less to average nutrient intake. 

INTRODUCTION 

Nutritionists and specialists m other disciplines are becoming increasingly aware 
of the complexity of nutrition. In cantrast to this fact this complexity is rarely 
addressed in empirical studies but only specific biological aspects of nutrition such 
as the imake of nutrients considered. Statistical computations show that 
considering many nutrients simultaneously in one analysis is often impossible. If 
single food items or groups are of interest the situation becomes more 
complicated because of their nearly infinüive number. 

A strategy to cope with these problems is to Iook for inherent structures in the 
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data, i.e. food consumption, and to describe nutrttlOn with a few indices that 
integrated the various aspects of individual nutrition behavior (1). Such indices 
can be called food pattern def.in.ing group-specific nutrition behavior across 
individuals and separating the study group in subgroups. Important tools in 
deriving food pattern from food intake data are explorative multivariate 
procedures such as factor and duster analysis (2). The importance of this kind of 
analysis which permits applications specific for nutrition research has been 
stressed recently (3,4,5). 

In this paper Eindings of a study using duster analysis to identify structures in 
daily food consumption are presemed. The data originate from nmritional records 
collecred during a pilor study carried out in Gießen. It was our imemion to 

show and discuss the approach. A much broader data base is needed to come up 
with detailed results especially when food pattern will be evaluated for different 
groups (1). We hope that exploring rhe structure of food imake by multivariate 
rechniques will enhance our understanding of human nutrition and, subsequemly, 
its relation ro health. 

METHODS AND RESULTS 

Food consumption data were collected in 1981 wirhin the framewerk of a pilot 
project (EMSIG - Ernährungs-Modell-Studie in Giessen) in which techniques 
for collecting and evaluating nutritional and activity behavior for a commumty
orienred longitudinal study were established and tested (6,7). 

The EMSIG-sample, a total of 112 parricipants, consists of adults at Giessen, a 
university rown near Frankfurt. The subjects were 17 to 65 years old. Three 
quarters of these were volunteers who responded to appeals on notice boards, 
advertisernents in newspapers and handbills. One quarter of the participams 
originated frorn a random sample taken in a residemial area of the city of 
Giessen. 

The baselirre examination began with a structured "nutritional interview" 
including an extensive Iist of sociodemographic variables and further information 
of nutritional relevance. A 24-h recall technique was then used to train the 
participants in the techniques of recording diet. Subsequemly, the participams 
were asked to keep diaries about their food intake over several days. Information 
on associated variables such as shopping behavior, knowledge about nutrition, 
attitude towards nutrition and psycho-social factors was obtained in subsequent 
interviews. Anthropometrie, clinical and biochemical data (8) were abtairred by 
medical examination. In addition manyl. participams kept a three-day activiry 
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protocol. The food consumption data were collected at two different occasions. 
The first collection was performed in April 1981 and the second measurement 
taken in September 1981. 46 warnen and 4C men participated in this pan of the 
study and recorded their dietary intake over a period of 11 day on average. They 
were selected for the following investigation. 

For the collection of the data about food consumption, a special meal-oriemed 
recording form was developed (9). The top of this form covered the situation 
associated with food consumption, the bottarn was used to record the consumed 
foods in an open-ended format. Participants were requested to record their food 
items in the course of a meal as exactly as possible, e.g. by noring fat comem or 
ocher features specifying a single food. The portion size was obtained in a 
semiquamitativc manner by using hausehold measures. Graphie models were 
additionally given. 

A 4- digit food code connected with a nutriem data base and a list of common 
recipes was used to proccss the food diary information (10). The tramlarion of 
household measures into grams utilizcd a Iist of ponion sizcs rypical for 
households. After determination of the nutriem intake all data were stored in a 
SIR data base (11). 

A suitable indicator to describe the food consumption of the participants was 
developcd. for the subsequem multivariate analysis. Any indicator based on 
absolute comumption figurcs would be dominared by the amoum. Sex differences 
or differences in activity may become imponam discriminators. The relative 
proportion of a food item on the overall food consumption was therefore selected 
as describing the participants in their consumption habits. However, beverages 
including milk were not included in the calculation of the overall food 
consumption because of their heavy we~ght comp:1.red to regular food stuffs but 
were also related to the overall food consumption figure. 

The proportion on overall consumption was calculated for larger groups of food 
items. The criterion for this grouping process was either the biological or the 
food technology similarity. Thus, all sorts of bread were assigned to a food 
group "bread", all sorts of vegetables to a food group "vegetablcs". Potatoes were 
taken as a group of its own. Sugar, tagether with cake, pudding and chocolare, 
was assigned to a group "sugar-containing foods". 

Finally, the exploratory analysis of food consumption pacrerns was based on two 
lists of food groups (table 1). The first Iist comprising 16 food groups had the 
highest proportion on overall consumption (table I, Iist 1). This list of food 
groups was supplemenred by anothel 7 food groups of minor consumption. All 
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Tahle 1: Food groups and their proportion on overall food consumption (excluding 
beverages) as used in duster analysis (EMSIG-participants with food diaries (n=86)) 

food group Proportion on total food consumption 
(excluding beverages) in % 

List 1: The 11 most popular food groups 
bread 14.5 
vegetable 12.8 
fruit lC.S 
sour milk products 7.5 
meat 7.1 
sugar containing food items 6.0 
sausage 6.0 
potatoes 
eggs 
spreading fat 
cheese 

5.8 
4.0 
2.9 
2.6 

sum 79.7 
Tbe 5 beverages 

beer 
mineral water 
wtne 
soft drinks and juices 
milk and milk drinks 

List 2: The /ess popular food groups 
poultry 
fish 
cream 
rice and nudels 
flour 
1ce cream 
marmelade 

24.0 
14.9 
11.4 
10.4 

9.4 

1.8 
1.2 
1.2 
1.0 
0.9 
0.9 
0.9 

sum 

18 food groups covered 87.6% of the food consumption. 

7.9 

Cluster analyses were based on several data matrices, a 86x16 matrix (food group 
Iist 1), a 86x11 matrix (food group list 1 minus beverages), a 86x23 matrix (food 
group Iist 1 and 2), and a 86x18 matrix (food group Iist 1 and 2 minus beverages). 

Cluster analysis as a multivariate statistical tool belongs to the taxonomenie or 
classification methods. Starting point of the analysis is a reetangular N x M data 
matrix, in which the investigational units N means persons, cases, ete. and M the 
variables. The purpose of any duster analysis is to group the investigational units 
in such a manner as to render the group members as similar as possible to eaeh 
other according to a distance parameter while the different groups should be as 
distant as possible from each other (12). l In our case it was to be tested whether 
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in the EMSIG sample clusters exist with similar consumption patterns. 

The best known measure for similarity or distance, respectively. is the Euclidian 
distance. Subsequently, the investigational units are grouped on the basis of this 
similarity matrix which was compiled according to the information cantairring in 
the various consumption indices. For the grouping process a large number of 
duster procedures is available including hierarchical, divisive and iterative 
algorithms. Iterative procedures were preferred to hierarchical procedures because 
they provide generally more efficiem solutions. For our calculations the duster 
analysis program package CLUSTAN written by Wishart was used (13). From 
this program package hierarchical and iterative procedures were selected. 

Critique was raised against duster analysis that uncomrollable subjective decisions 
inf1uence and bias the results. In order to avoid this as far as possible, three 
counter-strategies were followed in our calculations. First, the stability of the 
grouping results was controlled by using different dustering procedures. Here, 
two hierarchical methods "Ward" and "Average Linkage" as well as the iterative 
method "Relocate" were used (13). Second, the stability of the grouping results 
was controlled by using different lists of food groups, i.e. including and 
excluding beverages. Third, the variation in number of clusters constituted a way 
to test the stability of the grouping results. 

Of all solutions the 5-cluster partition abtairred by the iterative metbad 
"Relocate" an the basis of 16 food groups was given priority and can be described 
as follows (table II): 
Cluster 1: This duster with 21 participams covers about one quaner of the 
sample (24% respectively) and is marked by a high meat consumption. Probably 
meat plays an imponam role in warm meals above all; cheese and fruit, which 
are rather to be allocated to cold meals, are consumed to a lesser degree. We 
assigned this duster the term "meat pattern". 
Cluster 2: The combination of bread, spreading fat and beer is typical for this 
duster. Vegetables are consumed to a lesser extent. This may point to the fact 
that the panicipants consume cold meals more than the average. One might talk 
of a "bread pattern". With 11 participants, this duster covers 13 % of the sarnple. 
Cluster 3: Almost half of the participants joined this duster {41 participants or 
48%, respectively). The consumption of these participants can be characterized by 
a high vegetable, fruit, milk, and sour milk product consumption. This 
consumption pattern was called "fruit pattern". 
Cluster 4: Most striking for this duster is the above ehe average consumption of 
sausage, cheese and wine. Nine participants (9% respectively) are assigned to this 
"wme" pattern. 
Cluster 5: 4 panicipants (or 4%, retpectively) stand out by an above average 
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Table Il: Average food consumption (in % of overall food consumption excluding 
beverages) in the 5 duster groups (Relocate-solution with 16 food groups) 

clusterl) 
total 

"meat" "bread" "fruit" "•;;eine" "juice" population 
n=21 n = 11 n-41 n=9 n=4 n=86 

Bread 12.8 25.8 12.9 12.6 17.0 14.5 
Vegetable 13.4 7.0 14.3 12.5 11.3 12.8 
Fruit 6.5 7.6 14.6 9.2 5.7 10.5 
Sour milk products 4.0 3.8 10.2 5.3 4.5 7.5 
Meat 13.1 5.6 4.9 5.3 5.4 7.1 
Sugar cantairring food items 7.2 5.8 5.9 5.9 4.9 6.0 
Sausage 5.6 7.9 4.3 9.0 10.5 6.0 
Potatoes 7.9 6.8 4.4 8.5 7.0 5.8 
Eggs 4.3 4.5 3.2 3.0 7.4 4.0 
Spreading fat 3.9 5.8 2.3 2.6 2.0 2.9 
Cheese 0.8 3.4 3.1 3.4 1.7 2.6 
Beer 39.6 60.3 4.5 24.3 4.7 24.0 
Mineral water 12.5 6.8 15.0 9.8 47.5 14.9 
Wine 7.4 7.3 6.0 50.0 6.8 11.4 
Soft drinks and juices 11.4 5.8 7.5 6.6 51.8 10.4 
Milk and milkdrinks 4.5 7.9 10.0 7.8 1.7 9.4 

1)for description of duster partitions see text 

consumption of non- alcoholic beverages such as lemonade, fruit juices and 
mineral water. Evidently, eggs and sausage are also consumed w a greater extent 
than on average. The consumption of spreading fat, milk and fruit is atypical. 
Wirb 4 participants, this "juice pattern" plays but a subordinate role in the 
sample. 

The just described srructure can be rnore or less clearly recognized in other 
solutions (data not shown). Clustering with 23 instead of 16 variables produced 
similar solutions (food group Iist 1 and 2). The same went for the "Relocate" 
solutions based on 11 (food group list 1 without beverages) or 18 food groups 
(food group Iist 1 and 2 wirbout beverages). However, the ornission of beverages 
led to slightly different results with regard to the formation of some sub-groups. 

In all, it was, thcrefore, possible to allocate participams to particular with several 
duster approaches recognizable consumption patterns. The duster Iabels were 
arienred on the typical consumption profiles. In table Ill, the cluster-specific 
nutrient imake is presemed. 

A comparison of the nutricm profiles revealed a weil provided duster compared 
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Table 111: Nutrient intake per day by duster (Relocate solution with 16 food groups) 

duster1) "meat" "bread" "fruit" "'wine" "juice" total population 
n=21 n=ll n=41 n=9 n-4 n,..86 

Nutrient 
Protein (g) 82 69 84 77 85 81 
Fat (g) 112 112 110 108 112 109 
Carbohydratcs (g) 222 227 245 199 270 232 
Ccude fibec (g) 6 5 8 6 6 6 
Cholesterol (mg) 460 421 401 395 652 431 
Sodium (g) 3.1 2.5 3.1 1.3 2.9 2.9 
Potassium (g) 2.9 2.1 3.6 4.1 2.9 3.3 
Calcium (mg) 454 611 822 884 550 699 
Iron (mg) 14 12 14 14 15 13 
Vitamin A (mg) 0.81 0.87 0.98 0.81 1.07 0.91 
Vitamin B1 mg) 1.12 0.98 1.18 1.04 1.28 1.14 
Vitamin B2 (mg) 1.33 1.20 1.48 1.25 1.69 1.43 
Vitamin C (mg) 87 57 142 84 84 108 

l)for description of duster partitions see text 

to the average, the "fruit" duster (duster 3) and a duster showing a high vitamin 
intake, the "juice" duster (duster 5). They were opposed by two less well 
provided duster, the "bread" duster (duster 2) and the "wirre" duster {duster 4). 
The "meat" duster corresponded morc or less to the average nutriem imake. For 
a more detailed discussion of the respective nutriem intake of the food 
consumption patterns it would be necessary to analyse the food consumption 
more closely. 

Food patterns may be imbedded in a specific social settings (14). Therefore, u 
was investigated inhowfar duster members show a uniform sociodemographic 

Table IV: Age group and sex by duster (Relocate solution with 16 food groups) 

clusterl) "meat" "'bread" "'fruit" "'wine" "juice" 
in % I absolute number n=21 n mll n=41 n=9 n=4 

Age group 15-30 43% I 9 36% I 4 27% I 11 56% I 5 75% I 3 
Age group 31-45 33% I 7 36% I 4 39% I 16 22% I 2 25% I 1 
Age group 46-65 24% I 5 27% I 3 34% I 14 22% I 2 -

Males 52% I 11 91% I 10 34% I 14 33% I 3 50% I 2 

' 
Fernales 48% I 10 9% I 1 66% I 27 67% I 6 50% I 2 

1)for description of duster partitions see tdc 
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profile and, in this sense, consticute consumption types (table IV). Two thirds of 
warnen and one third of men form the "fruit" duster. In the "wirre" duster the 
percentage of warnen is one third, that of men two third, the greater pan of 
them being of younger age. 

DISCUSSION 

lt was aim of this study to idemify, based on food diaries covering 11 days on 
average, the food pattern of 86 participants living in Gießen. Food patterns are 
understood to be a particular constellation of food intake prevailing in a group of 
people. 

The empirical analysis started with the hypothesis tbat, while food habits are of 
individualistic character, they nevertheless show group-specific similarities. 
Provided this hypothesis is valid, it should, therefore, be possible to classify our 
participants into groups with similar food consumption indices by means of 
suitable analytical methods. We decided for duster analysis. After formation of 
food groups, f.ive consumption patterns could be recognized. They are named as 
"meat", "bread", "fruit"," wine .. , and "juice" duster (pattern). Each duster has a 
specific nutrient intake profile. Same of them may induce health risks in a lang 
run. 

Potential critique regarding the validity of the findings might be on the one 
hand (I) data-oriented, or (2) method-oriented. 

Ad (!): The sample is not representative lor the Federal Republic but typical lor 
of the middleclass of a medium sized university rown. Therefore, the results 
cannot be considered as generally prevailing. However, it is reminded to the fact 
that the food imake diaries covered 11 days on average and two seasons. This 
was thought to warrant that most food items which are consumed during the 
year were reflected in the data. 

Ad (2): Critics about multivariate statistics argue that its results are liable to 

methodological artefacts (14). However, it has to be pointed out that our 
cluster-analytical evaluations produced highly comparable results. Even when 
varying the number of variables, e.g. if beverages were introduced in the duster 
analysis by omission or inclusion, the food duster remairred largely stable. In 
one point, however, this empirical analysis is exposed to a certain danger of 
artefact. When using the Euclidian distance as a measure of similarity it is 
known that variables sharing a common variance gain greater weight in 
clustering. In general, this effect can pe avoided by a suitable combination of the 
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variables with common variance before starring the cluster-analytical procedures. 
Wirhaut an intensive evaluation of the data in this direction, e.g. by factor 
analysis, judgmenr of whether rhe grouping of foods imo food groups met this 
criterion is difficult. 

In conclusion, there is strong cvidence of group-specific interindividual food 
consumption patterns. However, the pacterns identified here cannot claim to be 
generalizable or representative. Different food pattern may prevail in different 
populations, different "types" of people, for different times and different Situations 
in life. h has been shown that duster analytical procedures can help classifying 
this complex realiry. 
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