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Abstract
Study Objective-The aim was to investigate whether dietary factors cluster in a
favourable or unfavourable way and to
characterise the groups identified by lifestyle and sociodemographic variables.
Design and setting-This cross sectional
study was based on data of the 1987-1988
Dutch national food consumption survey
(DNFCS), obtained from a panel by a
stratified probability sample of the noninstitutionalised Dutch population.
Participants-3781 adults (1802 males and
1979 females) of the DNFCS, aged 19 to 85
years, were studied.
Measurements and main results-To
estimate dietary intake two day food
records were used. Lifestyle factors were
collected by structured questionnaire and
sociodemographic variables were available
from panel information. Cluster analysis
was used to classify subjects into groups
based on similarities in dietary variables.
Subsequently, these groups were characterised by sociodemographic and lifestyle
factors as well as by the consumption of food
groups. Eight clusters were found. In comparison with the guidelines, the dietary
quality in four clusters was poor. The
cluster with the poorest dietary intake (high
intake of fat, cholesterol, and alcohol; low
intake of dietary fibre) showed on average a
high consumption of animal products
(except milk), fats and oils, snacks, and
alcoholic beverages, and a low consumption
of fruit, potatoes, vegetables, and sugar rich
products. Smoking, body mass index,
dietary regimen on own initiative, hours of
sleep, gender, age, socioeconomic status,
and day of the week were found to discriminate among the clusters.
Conclusions-Cluster analysis resulted in
substantial differences in mean nutrient
intake and seems useful for dietary risk
group identification. Undesirable lifestyle
habits were interrelated in some clusters,
but an exclusive lifestyle for health risk has
not been found.
JtEpidemiol Community Health 1992; 46: 417-424

Lifestyle patterns contribute to morbidity and
mortality in affluent societies. Although lifestyle
variables, such as smoking, independently affect
health status, interdependences among these
factors are frequently observed. A combination of
lifestyle practices may introduce a health risk that
is greater than would be expected from the sum of

the individual factors. " Among adult males a
relatively high consumption of coffee and alcohol,
smoking, and few hours of sleep per night are all
positively associated with body mass index
(BMI).5 Prevalences of cardiovascular and other
health related risk factors are often highest in
lower socioeconomic strata in affluent societies. 9
In The Netherlands, sociodemographic factors
are found to be associated with diet and other
health related variables (smoking, obesity, physical inactivity)."1'2 Combinations of cardiovascular risk factors are more frequently observed
among elderly people with a lower socioeconomic
status, whereas the associations between socioeconomic status and the separate risk factors are
less consistent.13 Furthermore, differences in
mean food consumption among Dutch population
groups are relatively small. For instance, adults
have a mean fat intake accounting for about 400o
of total energy intake (40 enO), whereas the
difference between high and low socioeconomic
status groups is about 1 5 en 0.14
Classifying people according to their consumption pattern by simultaneously considering the
total diet may provide larger differences among
groups based on nutrient profiles. The purpose of
our study was thus to investigate whether dietary
factors cluster in a favourable or unfavourable
way and whether the groups identified could be
characterised by lifestyle and sociodemographic
variables. Subsequently, the consumption of food
(groups) was studied to provide insight into the
origin of the differences among clusters.

Methods
STUDY POPULATION AND DATA COLLECTION

In 1987-1988, the first Dutch national food
consumption survey (DNFCS) was carried out.
The data were obtained from a probability sample
of the non-institutionalised Dutch population
aged 1 to 85 years (n = 5898, response 81 %1 ). The
methods regarding sampling procedures and
dietary data collection are described in detail
elsewhere.'5 Briefly, to assess dietary intake two
day estimated records were used. In each
household the person principally responsible for
domestic affairs was the most important informant and was visited on two occasions by a specially
trained dietitian. During the first visit the
household diary was explained. In this diary all
the food supplied by the main housekeeper to the
members of the household was recorded. Precise
description of methods of cooking, recipes, and
ingredients was requested. The housekeeper also
noted for each meal the persons attending and the
type and quantities of food items served to them,
as well as the amounts of leftovers and food given
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STATISTICS

K-means cluster analysis'9 was used to classify
individuals into a limited number of groups on the
basis of similarity in nutrient intake. The criteria
(dimensions) chosen to classify subjects were the
consumption of fat (en0O0), P:S ratio (polyunsaturated fatty acids/saturated fatty acids),
dietary fibre (g/MJ), cholesterol (mg/MJ), monosaccharides and disaccharides (en00 ), and alcohol
(g). These variables are considered to have a
potential impact on the health of the population in
general, and for all these variables dietary
guidelines have been formulated.20 To restrict the
influence of alcohol on the other variables (all
related to energy) used in the clustering, the
Table I The scoring system used
each cluster

to

evaluate the nutritional quality of the diet in

Sco,ore

Cluster variables
Fat (en%)a
P:S ratio
Dietary fibre (g/MJ)
Cholesterol (mg/MJ)

Mono/disaccharides (en°0)

1

> 45
< 035
1-8
44
30
-:
> 40

Alcohol (g/day)
a
en% = % of total energy intake

2
40- < 45

3

4

30-<35
0.35-<040 040-<045 0 45-<0 50
26-<30
2 3- < 2-6
19-<23
26- 33
33- > 38
38- < 44
18-<22
22- < 26
26- < 30
1 1-.20
31-<40
21-,<30

35-<40

5

WI'eight

10
<30
>0 50 3
>30 3
2
< 26
1
< 18
1
<10

calculation of energy was exclusive of the energy
derived from alcohol.
The K-means cluster procedure of the BMDP
statistical package (program KM)2' was used to
construct the clusters. Because of differences in
scale, the variables were standardised before
clustering. The K-means cluster procedure
requires that the number of clusters is specified
before the analysis. As the actual number of
clusters present in the data was unknown, the
selection of the best number of clusters was based
on a so called scree plot, in which the variance that
remained within the clusters is portrayed against
the number of clusters (varying from two to 10
clusters). When the plot levels off, no additional
reduction of the within cluster variance is
achieved. The number of clusters corresponding
with this point was selected as the most
appropriate fit to the data.
To obtain an impression of the nutritional
quality of the diets of the identified clusters a
scoring system based on the Dutch Dietary
Guidelines20 was developed. For each dietary
variable a score of 1 was attached to an intake most
deviant from the recommendation, whereas a
score of 5 was given to an intake level considered
to be most desirable (table I). Thereafter, a
weighted sum of the scores for the different
criteria was calculated for each cluster. This
weighting was introduced since differences in
potential impact on health exist. Actually, the
highest weight (10) was given to fat; P:S ratio and
dietary fibre were assigned a weight of 3, cholesterol a weight of 2, and monosaccharides and
disaccharides as well as alcohol a weight of 1. In
this way a sum score was obtained ranging
potentially from 20 (indicating a diet of poor
quality) to 100 (indicating a prudent diet).
Although the weighing system developed is rather
subjective, the system does not affect the results
obtained and is used only as an aid in interpreting
the results. A further motivation of the system and
its robustness to changes in the subjective weights
is provided in the discussion section.
The clusters found were characterised by
sociodemographic and health related lifestyle
factors,35 22-25 as well as by the intake of food
groups. Available variables were: smoking,
obesity, breakfast habits, special dietary habits,
use of nutritional supplements, alcohol consumption, coffee consumption, and hours of sleep. A
(stepwise) discriminant analysis was performed to
study whether these variables differed for the
various clusters. The type of day (two week days,
two weekend days, or one week and one weekend
day) was incorporated in this analysis, because the
distribution of the food record days may differ
among clusters and could therefore influence
average nutrient intake for the clusters. A second
analysis was performed to find combinations of
food group consumption that best discriminated
among the clusters. The computed standardised
discriminant function coefficients were used to
indicate the relative importance of the variables
for the discrimination among the clusters.
One of the drawbacks of a cluster analysis is the
possible dependency of the results on the sample
selected and the methodology used for dietary
assessment. Other clusters may be found when
another sample is used. Therefore we established
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to pets. In addition, a diary was kept by each
person to record food eaten out. During the
second visit the interviewers checked the diary for
completeness. Common household measures and
food regularly used were weighed. In the present
study, people under 19 years were excluded
because food consumption patterns for children
and adolescents differ from those for adults.
Pregnant women (n = 52) and subjects with a diet
prescribed by a physician (n = 353) were excluded
because these conditions are likely to affect food
selection and hence nutrient intake. The population remaining for statistical analyses included
3781 adults (1802 men and 1979 women).
For each individual the average intake of foods
and nutrients over two (consecutive) days was
calculated. Nutritional supplements were not
included in the calculations of nutrient intakes.
Intake of protein, fat, carbohydrate, and alcohol
was calculated as percentage of total energy intake
(enO0) and the intake of other nutrients was
expressed per MJ. In total, 883 different food
items (codes corresponding with the extended
computerised version of the Dutch food composition table'6) were used by the respondents. The
costs for buying these products were estimated
using data obtained from the Netherlands Central
Bureau of Statistics. 17 18 In case of missing data,
information on costs was obtained from large
supermarkets and from a marketing research
institute. Food items were combined into 26 food
groups classified on the basis of similarity in
nutrient composition and/or origin.
In addition to information on food consumption, data were collected on the respondent's body
weight and standing height (both self reported
values), use of nutritional supplements, special
dietary practices, smoking habits, meal pattern,
and hours of sleep on the two consecutive days, by
means of structured questionnaires. Information
about education, occupation, socioeconomic
status, and demographic variables was obtained
from the marketing research institute which carried out the field work (AGB-Attwood).

Clustering of dietary variables
2
3
4
5
(n = 461) (n = 517) (n= 425) (n= 550) (n = 515)
489 (53) 484 (49) 448 (52) 444 (45) 425 (41)
P:S ratio
0-37 (0-13) 0 44 (0-16) 0 77 (0 21) 0 34 (0-13) 0 36 (0-13)
Dietary fibre (g/MJ)
26 (07)
18 (04)
27 (07)
30 (06)
20 (04)
Cholesterol (mg/MJ)
40 (15)
44 (14)
26 (10)
38 (12)
36 (11)
Mono/disaccharides (en%O) 14 6 (4-0) 16 4 (4 4) 19 6 (4 8) 17 4 (4 0) 24 3 (3 8)
Alcohol (g)
03 (1)
35 (23)
7 (13)
25 (18)
06 (2)
Sum scorec
42
31
64
50
46
a Calculated without the energy derived from alcohol.
b en% = percentage of total energy intake.
c Sum score has a minimum value of 20 points and a maximum of 100 points (see table I).
1

Dietary variable
Fat (en%)b

the stability of the cluster solution across
independent samples. A clustering procedure
identical to the procedure described above was
performed on an independent sample of 395
subjects aged 65-S0 years, for whom the habitual
intake of the selected nutrients was estimated by
means of a dietary history with cross check.26 The
average values of the criteria found in the clusters
identified in the present study were used as initial
cluster centres for this analysis. The correspondence of the cluster solutions was calculated for
each cluster using correlation coefficients, after
standardising the variables.

Results

6
(n = 557)
391 (41)
0-42 (0 14)
23 (06)
28 (9)
24 6 (4-1)
31 (22)
61

7

(n = 490)

35.9 (5 1)
0-36 (0 14)
37 (10)
31 (11)
23-4 (4-7)
2 (5)
67

8
(n = 268)
32 5 (5-6)
0 41 (0-16)
24 (08)
23 (8)
33-8 (4-9)
7 (15)
74

socioeconomic status and 1000 to the highest
stratum. About 200/ of the men and 130o of the
women had a higher professional or university
education. Sixteen per cent of the women and 6 0
of the men were living alone, 150, v 900 used
nutritional supplements, 90% v 300 followed a
dietary rule (eg, vegetarianism) or dietary regimen
on their own initiative. Forty seven per cent of the
men and 38 % of the women were smokers. About
66%/ of the men and 440o of the women reported

having consumed alcohol during the two day
record period. In general, men were taller and
heavier than women and had a higher body mass
index (24 4 v 23 7 kg/mi2).
CLUSTER ANALYSIS

Eight clusters were identified as the most
For both men and women the mean age was adequate representation ofthe structure of dietary
approximately 42 years. Almost half of the intake combinations in the data. Table II lists the
population belonged to the stratum with a low mean values of the six criteria in the eight clusters,
ranked by fat intake. In five clusters the mean
contribution of fat to energy intake exceeded
Canonical variable'
40 %. In clusters 1 and 2, representing 25% of the
Characteristics
1
2
3
sample, the mean fat intake was close to 50 en00.
Age (years)
0 02 0 25 0 56
In two clusters the high fat intake was
BMI (kg/m2)
0-08 -0 49 0 51
accompanied by a high alcohol consumption and
Gender (female)
0 61 -0-56 0 01
SES low
0-11 -0-42 -0 28
a low intake of monosaccharides and disacSmoking
-0-42 -0 31 0-11
charides (clusters 2 and 4). The lowest mean fat
Sleeping time ( < 7 h)
-0 27 -0-11 0-43
Weekday
0 79 0 25 0-79
intake (32 5 en%), combined with the highest
One weekday and one weekend day
0-35 0 04 0 33
monosaccharide and disaccharide consumption
Dietary rule/regimen on own initiative 0-18 0 50 0-07
(33 8 en%), was observed in cluster 8. Only one
Cluster meansb
Cluster 1
0-42 -0-32 0-11
cluster
(cluster 3) had a mean P:S ratio > 0 50; this
Cluster 2
-0-55 -0-10 0-15
value was accompanied by a relatively high fat
Cluster 3
0-11 0 15 -0 11
Cluster 4
-0-06 0-14 0 30
intake. In comparison with the guidelines, the
Cluster 5
0-12 -0-23 -0-17
dietary quality of clusters 1, 2, 4, and 5 was
Cluster 6
-0 51 0-09 -0-17
Cluster 7
0 59 0 23 0-01
moderate or poor, as indicated by the sum scores
Cluster 8
0-05 0 06 -0 30
of 50 or lower. The average dietary characteristics
The canonical variables constitute those linear combinations
among members of clusters 3, 6, 7, and 8 were
of the characteristics that best discriminate between the
more
in accord with the recommendations, sum
glusters.
Means of canonical variables for each cluster; only the
scores being 60 or higher. The highest energy
relative magnitude of the means among the clusters can be
interpreted.
intake was observed in clusters 2 and 6 (11-6 and
BMI = body mass index; SES = socioeconomic status.
11 3 MJ/day, respectively), whereas clusters 1 and
7 had the lowest intake (9 0 and 8 2 MJ/day,
Canonical variablea
respectively). Subjects in cluster 7 used diets with
the highest mean mineral and vitamin density,
Food groups
1
2
3
whereas in cluster 2 the lowest density was
Fruits
0-36 0 11 0 26
Bread
014 0-27 0 44
observed (results not shown).
Cheese
GENERAL DESCRIPTION OF THE POPULATION

Table III Standardised
discriminant function

coefficients and cluster
canonical
variables related to
sociodemographic and
lifestyle characteristics
means for

Table IV Standardised
discriminant function
coefficients and cluster
means for canonical
variables related to the
intake of food groups

Eggs

Fats and oils
Sugar (products)
Alcoholic beverages
Meat/poultry fat
Soft drinks
Cluster meansb
Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster 5
Cluster 6
Cluster 7
Cluster 8
a,b See table III

-0 37
-0 39
-0-51
0-72
-0-12
-0 50
0-46

-0-03
-0-01
-0 05
-0-55
-0-73
-0-07
-0 30

-0 07
-0 20
-0 44
-0 18
0-67
-0-24
-0 21

-0 80
- 1-78
0-10
-0 57
0 41
0 40
1-02
2-32

0-95
-0-79
0-49
0-35
-0-19
- 1-07
0-96
-0-78

-0-44
-0-08
-0-19
0-63
- 1-00
0-57
0 54
-0 35

DISCRIMINANT ANALYSES

Variables with standardised discriminant function coefficients greater than 0 35 (or less than
- 035) for at least one of the canonical variables
are presented in tables III and IV. For each of the
analyses, three canonical variables had a clear
interpretation and explained about 90°O of the
variance in the predictor variables. The standardised discriminant function coefficients in the first
analysis suggest that gender, smoking, and weekdays were most predictive for the first canonical
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Table II Daily intake of
dietary variables'
and indication of
nutritional adequacy
according to eight clusters.
Values are means (SD)
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s

cereals

-

bread

milk(products)
ese

HFLA
alcoholic

s

cereals

- bread

pastries/biscuits -

milk(products)

sugar(products)

bese

sna

MFLA
alcoholic

coffee

pastries/biscuits

bread

-

sugar(products)

milk(products)

mixed dishes

1'

fats and oils

meat

HFHA
Figure

Mean daily consumption of various food groups by cluster expressed

as the
the overall consumption, the circle corresponding with the average
consumption of the total population. HFLA = high fat/low alcohol cluster;
MFLA = medium fat/low alcohol cluster; HFHA = high fat/high alcohol cluster.
1

deviation

(%) from

variable, which explained 6400 of the variance of
the sociodemographic and lifestyle characteristics. The cluster means of the discriminant
scores show that the first variable predominantly
discriminated clusters 1 and 7 from clusters 2 and
6. Body mass index, gender, low socioeconomic
status, and dietary regimen were strongly associated with the second canonical variable, which
explained another 1300 of the variance and
discriminated clusters 1 and 5 from cluster 7. Age,
body mass index, hours of sleep, and weekdays
were most important for the third canonical
variable, which explained 14"0 of the variance and
discriminated between clusters 4 and 8. Region,
urbanisation level, education, household size,
missing breakfast during the survey, and use of
supplements hardly disciminated among the
clusters, all having low standardised discriminant
function scores.
In the second stepwise discriminant analysis,
the consumption of 26 food groups was used to
explain cluster differences. The results indicated
that 51 0O of the variance in the food groups was
explained by the first canonical variable. Sugar
rich products, fats and oils, high fat meat, soft
drinks, eggs, cheese, and fruit were most
predictive for this variable, which discriminated
clusters 1 and 2 from clusters 7 and 8 (table IV).
The second canonical variable, with sugar rich
products and alcoholic beverages, explained 26°
of the total variance and discriminated clusters 2,
6, and 8 from clusters 1 and 7. The third canonical
variable with bread, fats and oils, and alcoholic
beverages as most predictive variables, explained
140o of the variance and discriminated between
cluster 5 and clusters 4, 6 and 7.
CLUSTER CHARACTERISTICS

A more detailed description of the characteristics
of clusters 1, 2, and 7 will be presented, as these
clusters constitute the most relevant differences in
the food intake, sociodemographic and lifestyle
variables (see discriminant analyses). Based on
two of the cluster criteria the clusters are called
high fat/low alcohol (cluster 1), moderate fat/low
alcohol (cluster 7), and high fat/high alcohol
(cluster 2).
Sociodemographic and lifestyle variables
Table V summarises the sociodemographic and
lifestyle characteristics that differ significantly
among the clusters (X2 test). The high fat/low
alcohol cluster contained a higher proportion of
women, more subjects with low socioeconomic
status, more subjects with (severe) obesity, and an
overrepresentation of weekdays. The moderate
fat/low alcohol cluster comprised more participants with high socioeconomic status, more
with a dietary regimen on their own initiative,
more women, fewer smokers, and fewer subjects
with less than 7 h sleep. This cluster also
contained a higher proportion of subjects who had
reported dietary intake during weekdays. The
high fat/high alcohol cluster was made up of a
higher proportion of men, more middle aged
participants, more smokers, more subjects with
less than 7 h sleep, and a higher proportion of
subjects that reported dietary intake on one or two
weekend days.
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HFLAa MFLA
HFHA
All
(n = 461) (n = 490) (n = 517) (n = 3781)

Proportion of women (%)
Age (years)
Age group (%): 19-24 years
25-49 years
50-64 years
>65 years
SES (%): low

69
42-8
10
58
22
10
57
7
49
8

high

Education (%): low

high

67
42 6
11
56
22
11
41
13
35
20

Body mass index (%):
obese (25-0-29 9 kg/mi2)
28
31
severely obese (> 30 kg/m2)
10
6
Smoking (%)
39
24
Dietary regimen (%)
5
13
Type of surveyed days (%):
2 weekdays
69
71
2 weekend days
8
7
1 weekday and 1 weekend day
21
23
Sleeping time (%):
<7 h
9
4
7-8 h
47
43
>9 h
48
48
Use of breakfast (%)
both days
85
90
1 day
6
5
0 days
9
5
Nutritional supplement usage (%)
12
16
Living alone (%)
10
14
a HFLA = high fat/low alcohol; MFLA = moderate fat/low alcohol;
alcohol; SES = socioeconomic status.

68

39

9
45
10
40
16

52
41 6
11
60
19
10
47
10
40
16

26
5
54
4

27
5
42
6

41
23
36

59
14
27

16
36
48

10
43
47

41 9
8
64
19

82
73
9
13
13
9
8
12
8
11
HFHA = high fat/high

Food consumption pattern
Figure 1 presents the deviation (in per cent) from
the overall mean consumption of relevant food
groups per cluster. The high fat/low alcohol
cluster consisted of subjects with a somewhat
higher mean consumption of potatoes and animal
products (especially high fat meat), whereas the
intake of products mainly consumed between the
meals (snacks, sugar rich products, soft drinks,
and alcoholic beverages), mixed dishes, and milk
(products) was low. Members of the moderate
fat/low alcohol cluster consumed more potatoes,
vegetables, and fruits, and more (low fat) milk
(products) and tea than the average population,
whereas the consumption of all other food items,
bread and pastries excepted, was (much) lower.
The high fat/high alcohol cluster had a high intake
of animal products (except milk), fats and oils,
savoury snacks, mixed dishes, and alcohol (almost
half of the cluster members had used more than
six glasses of alcoholic beverages during the two
days). This intake pattern was accompanied with
a (very) low consumption of fruit, potatoes,
vegetables, sugar rich products, and tea.
Costs of food
Figure 2 shows the average daily costs according
to cluster and the contribution of different food
groups to these costs. Including alcohol, the mean
7-5

76

5-8
13 3

113

35-1

7*0

9-2

9.7

29-7

0*3

9-2

HFLA costs DFI 7 06 (0784/MJ)

MFLA costs DFI 7 22 (0O877/MJ)

52

1-9

Vegetables/potatoes

Meat/poultry/fish/eggs

Fruits

Savoury snacks

Bread/cereals

Alcoholic beverages

6-3

9*0

Other beverages

Milk (products)
I

I

Cheese

II I

I

Other products

r

I
22-4

HFHA costs DFI 10 28 (0 886/MJ)
Figure 2 Average daily costs of diets; contribution (%0) offood groups

to costs.
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Table V Sociodemographic and lifestyle characteristics according to cluster
Cluster
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STABILITY OF CLUSTER SOLUTIONS

The results of the validation study revealed that
the overall agreement between cluster profiles was
reasonably good (r = 062 on average). The most
marked differences were observed for cholesterol
intake and P:S ratio, especially in clusters 1 and 3.
In these two clusters the correspondence between
the average cluster criteria based on the DNFCS and
the validation results was low (both r = - 0 21 ). In
the other clusters the correlation coefficients
varied from 0 71 (cluster 4) to 0 96 (cluster 7).
When the cluster means were calculated for
subjects aged 65 years or over in the DNFCS the
agreement between the cluster solutions hardly
differed.

Discussion
In this study we have used cluster analysis in an
attempt to classify individuals on the basis of their
nutrient intake into rather homogeneous groups.
As compared to the more traditional approach of
a priori selection of groups (eg, socioeconomic
groups), followed by analysis of variance, cluster
analysis examines more dynamically patterns of
intake of (selected) nutrients by grouping subjects
with comparable combinations of intake levels.
Cluster analysis or factor analysis based on the
individual consumption of foodstuffs is used to
identify eating patterns.2732 However it is not the
presence or absence of separate food items but the
appropriate selection (proper amounts and combinations) of foods that is important to health.
Therefore, we grouped respondents on the basis
of dietary factors for which guidelines have been
formulated.

Smoking, body mass index, dietary regimen,
hours of sleep, gender, age, socioeconomic status,
and type of surveyed day were found to discriminate among the clusters. A priori segmentation by socioeconomic status, age, and
gender separately did show some differences in
dietary intake, but they were small. 14 In this study
differences in mean levels found among clusters were much larger and combinations of
(un)desirable factors were observed. For example,
the high fat/high alcohol cluster contained more
smokers and more people who slept less than 7 h
per night as compared to the overall population.
Thus cluster analysis based on dietary characteristics is a promising method for risk group

identification. However, on the basis of a limited
number of lifestyle variables and traditional
sociodemographic factors, we could not find an
exclusive lifestyle for specific groups of the population. Further study is warranted to determine
whether there are indices of lifestyle and or
sociodemographic characteristics which are more
sensitive and therefore could provide a better
segmentation of the population.
As the possible instability of the results could
be one of the limitations of a cluster analysis, we
studied the validity of the cluster solution in
another sample. This sample was made up of
subjects aged 65-80 years and figures for the usual
dietary intake were available. The overall correspondence between average values of the
clustering criteria within clusters was satisfactory.
Future studies should provide further evidence of
the stability of the results of the present study.
As in other studies, gender as well as day of the
week influence food consumption.30 3133 Instead
of performing cluster analyses separately for
males and females and for weekdays and weekend
days we used both factors in discriminant
analysis. In this way we avoided an increase in the
number of clusters and a decrease in the size of
these clusters which would have led to complex
results that are less stable and more difficult to
interpret. Gender and type of day were not always
associated with differences in (un)desirable lifestyle variables found among clusters. For instance, the high fat/low alcohol and the moderate
fat/low alcohol clusters differed substantially in
intake levels but not in gender or percentage of
weekdays. A high alcohol consumption in the
different clusters was associated with weekend
days as well as with weekdays (the latter results are
not presented). The differences among the
clusters regarding the day of the week represented
may have important implications for the interpretation of the results. The clusters found may
partly be the result of somewhat "unhealthier"
food habits during the weekends. Since the day of
the week was hardly associated with the second
canonical variable that discriminated between
high fat/low alcohol and moderate fat/low alcohol,
clusters were not solely the result of type of day.
Moreover, the results obtained from the dietary
intake figures in the second sample reflecting
habitual food consumption were in line with the
results based on two day records.
The nutritional health of the average diets of
the various clusters was evaluated with the aid of a
scoring system. In this system criteria of a
prudent diet were used as a standard.20 34 In The
Netherlands, a high fat intake is currently considered to be the main nutritional problem and
discouragement of a high fat intake is generally
accepted to be of prime importance. Therefore the
fat score is given the highest weight (10 points).
An excessive alcohol consumption constitutes a
serious health risk and is discouraged. Therefore
alcohol consumption could receive a relatively
high weight in the system. However, the sample
we used was not likely to include individuals with
excessive alcohol intake.'5 Although some health
risks of moderate alcohol consumption have been
identified, beneficial effects have also been
reported35 and alcohol was thus given a weight of
1 point. Of course, the introduction of weights is
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daily costs for foods and drinks ranged from DFl
(Dutch guilders) 7-06 (high fat/low alcohol) to
DFI 10 28 (high fat/high alcohol). In all clusters
the group "meat and poultry" was the most
important contributor to dietary costs (22-31 " 00).
In the three clusters with a high alcohol consumption, alcoholic beverages were responsible for
19-22 0O of the costs. Other important contributors were vegetables, milk (products),
cheese, and non-alcoholic beverages such as soft
drinks and coffee. When the costs of alcoholic
beverages were excluded from the calculations the
food patterns of subjects in the high fat/high
alcohol cluster remained the most expensive.
However, when the daily costs were related to
energy intake the picture changed somewhat. The
average costs per MJ in the moderate fat/low
alcohol cluster approached those for the high
fat/high alcohol cluster.
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high fat/high alcohol cluster.
Our results indicate that the moderate fat/low
alcohol cluster can be identified as the cluster with
the most prudent lifestyle, and this may partially
be motivated by health considerations among its
members. In this cluster subjects with high socioeconomic status were overrepresented. Other
studies have also shown that a more pronounced
health conscious behaviour is often associated
with a higher social status,38 40 resulting in a more
favourable biochemical profile of cardiovascular
risk factors.3' Theoretically, subjects with a
higher socioeconomic status could spend more
money on food. Mooney4' reported that healthy
food choices appear to be more expensive. In our
study the costs of the prudent diet of those in the
moderate fat/low alcohol cluster, associated with
high socioeconomic status, did not differ substan-
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somewhat subjective. However, when fat was tially from the costs of a poorer diet in the high
given a weight of 10 points and all the other fat/low alcohol cluster, in which more people were
criteria were given 3 points, the ranking of the of low social status. In the clusters with a high
clusters based on their sum scores was identical to alcohol consumption the diets were on average the
that presented in table III. This was also the case most expensive (and remained so if the costs of
when we used the intake of saturated fatty acids alcoholic beverages were not taken into account),
(en%) instead of the P: S ratio. In a recent update but no association with socioeconomic status was
of the guidelines for a healthy diet in 1991, the found. These results have to be interpreted with
Netherlands Nutrition Council recommends that caution, because both clusters with a high alcohol
saturated fatty acids should not exceed 10 en%, intake also had the highest energy intake ("largest
whereas no special guidelines for the P:S ratio are eaters"). Comparing the costs per MJ revealed
given any more.36 In all clusters the mean contri- that the costs of the diets are influenced not only
bution of saturated fatty acids to energy intake by the quantity but also by quality.
In conclusion, our results show that cluster
was much higher than 100% [range 13- 5% (cluster
8) to 20.6% (cluster 1)]. These results suggest that analysis can identify groups with noteworthy
the overall assessment of the cluster solutions with differences in mean nutrient intake and this
respect to risks for chronic diseases seems quite method can be considered as a useful tool for
stable.
dietary risk group identification. Undesirable
On the basis of total sum scores, more than 50% lifestyle variables are interrelated in some clusof the examined population had diets that ters, but an exclusive lifestyle for health risk has
departed substantially from the guidelines for a not been found. At this moment our study does
healthy diet. As pregnant women and subjects not provide a good basis for delivering diversified
with a diet prescribed by a physician were recommendations for specific segments of the
excluded from cluster analysis the results cannot population. Future studies should try to find
be generalised to the whole adult population. In more sensitive indices that discriminate nutricomparing the results of our study with those of tional risks with a higher degree of specificity
others, it should be realised that the methods used which may result in targeting of nutrition
to collect and classify data vary among studies. messages.
Moreover, differences among dietary patterns
between countries could also introduce cluster This study was carried out within the framework of the
differences. Despite these limitations, results of Programme Committee Socioeconomic Health Differstudies abroad support several ofour observations ences and was supported financially by the Ministry of
with regard to eating patterns and their char- Welfare, Public Health and Cultural Affairs (grant
acteristics. For example, another cluster analysis 8963). We are very grateful to Evelien Aarnink for
in data processing and computer analysis.
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