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Abstract
Objective: To identify dietary patterns with whole grains as a main focus to see if
there is a similar whole grain pattern in the three Scandinavian countries;
Denmark, Sweden and Norway. Another objective is to see if items suggested for a
Nordic Food Index will form a typical Nordic pattern when using factor analysis.
Setting: The HELGA study population is based on samples of existing cohorts: the
Norwegian Women and Cancer Study, the Swedish Västerbotten cohort and the
Danish Diet, Cancer and Health study. The HELGA study aims to generate
knowledge about the health effects of whole grain foods.
Subjects: The study included a total of 119 913 participants.
Design: The associations among food variables from FFQ were investigated by
principal component analysis. Only food groups common for all three cohorts
were included. High factor loading of a food item shows high correlation of the
item to the specific diet pattern.
Results: The main whole grain for Denmark and Sweden was rye, while Norway
had highest consumption of wheat. Three similar patterns were found: a cereal
pattern, a meat pattern and a bread pattern. However, even if the patterns look
similar, the food items belonging to the patterns differ between countries.
Conclusions: High loadings on breakfast cereals and whole grain oat were
common in the cereal patterns for all three countries. Thus, the cereal pattern may
be considered a common Scandinavian whole grain pattern. Food items belonging
to a Nordic Food Index were distributed between different patterns.
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In recent years a trend within nutritional epidemiology
has been to assess overall dietary quality; however, no
overall standard on how to best capture the whole diet has
been set(1–3).

Several computer-driven (a posteriori) studies from the
Scandinavian countries have identified dietary patterns
by use of factor or cluster analysis, and some of them
have reported country-specific or traditional patterns(4–8).
However, to our knowledge no studies have looked at
patterns in the Scandinavian countries in a combined
way. In a study of the diversity of dietary patterns in
the European Prospective Investigation into Cancer and
Nutrition (EPIC), mean dietary intake from 24h dietary
recalls from each participating centre was compared with
an overall EPIC mean and showed that the diet was rela-
tively similar in the Scandinavian countries, but the

proportions of what was consumed varied across coun-
tries and indicated country-specific dietary patterns(9).

Among theoretically (a priori) defined patterns, the
Mediterranean diet has been associated with positive
health outcomes in many studies(10–14). Similarly, a Nordic
Food Index has been suggested for the Nordic countries.
In recent studies, a Nordic diet including fish, cabbages,
whole grain rye, whole grain oat, apples/pears and root
vegetables has also been related to a range of beneficial
health effects(15–18).

In the HELGA project, a joint project including parts of
three Scandinavian countries, the aim is to establish a
Nordic comprehensive foundation for whole grain
research and to generate knowledge about the health
effects of whole grain foods. A high intake of whole
grains has been associated with a reduced risk of several
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lifestyle-related diseases(19,20), and the whole grain con-
sumption in Scandinavia is traditionally higher than in
many European countries and the USA(21).

There are also common whole grain recommendations
for Scandinavia(22–24), but the type of grain dominating the
whole grain intake differs between countries(21).

The aim of the present study is to identify dietary patterns
for the HELGA cohort by use of principal component ana-
lysis (PCA) to see if we find a common whole grain pattern
for the three countries and to see if the items suggested for a
Nordic Food Index will form a typical Nordic pattern or will
be distributed on several different patterns.

Method

Study population
The HELGA study population consists of sub-samples of
existing cohorts from the three Scandinavian countries: the
Norwegian Women and Cancer Study, the Västerbotten
Intervention Programme and the Danish Diet, Cancer and
Health study. All three cohorts are part of the EPIC study.
The participants were recruited from the general popula-
tion, but the Norwegian study only includes women. At
baseline (1992–1998), the participants filled in a questionnaire
regarding their habitual food intake and lifestyle. The full
HELGA cohort includes a total of 120 016 participants.

The study was conducted according to the guidelines
laid down in the Declaration of Helsinki. All participants
gave written informed consent, and the study was
approved by the local ethical committees of the partici-
pating countries.

Diet questionnaires
The HELGA cohort collected dietary information through
different validated FFQ(25–28). Whole grain variables from
the FFQ were reclassified to distinguish between the dif-
ferent types of whole grains (wheat, rye, oat, others), and
the reclassified whole grain variables were used together
with other relevant food variables in the present study.

Food intake from the dietary questionnaires was trans-
lated into main food groups and subgroups, using the food
classification system developed in EPIC(29). Due to missing
information on diet from some participants, the current
study includes a total of 119 913 participants; only foods/
food groups common for all three cohorts are included.

The particular food groups included in the analyses are:
potatoes, vegetables, fruit, nuts/nut-spread and seeds,
milk, yoghurt/thick fermented milk, cheese, dairy creams,
pasta, rice, white bread, non-white bread, crisp bread/
rusks, breakfast cereals, salty biscuits/aperitif biscuits/
crackers, red meat, poultry, processed meat, fish, crusta-
ceans/molluscs, fish products/fish in crumbs, egg and egg
products, vegetable oils, butter, margarine, sugar/honey/
jam/syrup, chocolate/candy bars/paste/confetti, ice cream/
water/ice, cakes and biscuits, fruit and vegetable juices,

carbonated/soft/isotonic drinks and diluted syrups, cof-
fee/tea/herbal tea, water, alcoholic beverages, condiments
and sauces, whole wheat cereal, whole rye cereal, whole
oat cereal, other whole grain cereals. The whole grain
cereals may be referred to as only oat, wheat or rye later in
the present paper.

Other food groups were not included into the analyses
due to inhomogeneous quality in questionnaire information
between the countries and/or very low intakes.

The Nordic Food Index
For simplicity, and to reduce the number of variables,
no subgroups of fruit and vegetables were included.
Therefore the food groups used in the present study do
not give detailed information about different types of
fruits and vegetables, like apples, pears, cabbages and root
vegetables as suggested parts of a Nordic Food Index.
However, all four items were included in the food groups
‘fruit’ and ‘vegetables’; thus these food groups were
used together with the food groups ‘fish’, ‘crustaceans/
molluscs’, fish products/fish in crumbs’, ‘whole rye cereal’
and ‘whole oat cereal’ to examine the Nordic diet items in
the patterns found.

Statistical methods
The associations between the variables were investigated
by using PCA (IBM SPSS Statistics 19), the most com-
monly used approach in factor analysis of dietary
data(30). The factors were constructed by orthogonal
varimax transformation to maintain uncorrelated factors
and greater interpretability. Two criteria were used in
order to choose the number of factors: the eigenvalue
criterion (eigenvalue> 1) and the scree plot. In addition
we looked at the interpretability of the factors and how
much detail they gave about whole grains since this was
part of the aim.

Food items with positive loadings contribute to a dietary
pattern; food items with negative loadings are inversely
associated with a dietary pattern. Only items with absolute
factor loadings of 0·3 or higher were considered in the
interpretation of the factors. The higher the factor loading
of a food item, the higher correlation of that item to that
specific diet factor/pattern.

Analyses were conducted for the total cohort and
separately for the different countries. Separate analyses
were also performed for men and women.

The factors found in the total cohort were divided into
quartiles and examined using the χ2 test for categorical
variables to look at the distribution of persons belonging
to the different countries and of different genders.

To test the robustness of the patterns the data were
divided randomly into two arbitrary parts and the analysis
was repeated as in the total set. This procedure was
done for the total cohort and for the three countries
separately.
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Results

Mean age for the Danish participants was approximately
8–10 years higher than for the Norwegian and Swedish
participants, and they also had a lower mean intake of
total whole grains. Both Denmark and Sweden had rye as
their main whole grain item, while Norway had highest
consumption of wheat (Table 1).

The Danish participants had the highest consumption of
fruit and vegetables; however, they also had the highest
consumption of alcohol and red meat, and they had the
highest BMI (mean 26 kg/m2) compared with the other
countries (Table 1).

Sweden had the lowest consumption of non-white
bread, and had a substantially higher consumption of crisp
bread and breakfast cereals than both Norway and Den-
mark (Table 1).

Patterns from principal component analysis: total
cohort
The eigenvalue criterion alone indicated that there were ten
important factors for the total cohort (Norway, Sweden
and Denmark together). However, the scree plot indicated
that only six factors were of importance. When studying
the factors, all six factors were interpretable but the strong
overlapping of the factors suggested that a three- or four-
factor solution would be more meaningful. The three-factor

solution revealed one fish factor (fish, fish products, vege-
tables and non-white bread), one meat factor (red meat,
poultry, coffee, water and alcohol) and one cereal factor
(white bread, crisp bread, breakfast cereals and cakes). We
decided, however, to go for the four-factor solution since this
gave more detailed information about whole grains (Table 2).

The patterns in the four-factor solution were named
‘meat and beverages’, ‘bread and potatoes’, ‘fish and non-
white bread’ and ‘cereals and vegetables’, based on the
food items with the highest loadings in each pattern or the
food items most characteristic for the pattern (an item may
give name to a pattern even though other items have
higher loadings because these items are seen to supple-
ment the naming item, e.g. ‘bread pattern’ where mar-
garine had higher loading but is associated with buttered
sandwiches). The ‘cereals and vegetables’ pattern had
highest loading on oat, but had quite high loadings on rye
and other grains as well. The ‘bread and potatoes’ pattern
had the highest loadings on rye and other whole grains,
and the ‘fish and non-white bread’ had the highest loading
on wheat. The ‘meat’ pattern and the ‘fish’ pattern
remained the same as in the three-factor solution. The four
factors explained 33 % of the variation (Table 2).

The ‘meat and beverages’ pattern was completely
dominated by the Danes in the highest quartiles, while
they were almost absent in the lowest ones. There
was also a higher percentage of male participants in the

Table 1 Characteristics of the total cohort and by country. The HELGA project

Total cohort Norway Sweden Denmark
(n 119 913) (n 37 190) (n 25 725) (n 56 998)

Age at enrolment (years), mean 51·8 48·2 46·0 56·7
Gender (%)
Male 33·0 0·0 48·3 47·6
Female 67·0 100·0 51·7 52·4

Total whole grains (g/d), mean 52·1 60·1 62·9 42·0
Rye 25·4 11·8 38·3 28·5
Wheat 17·7 42·1 11·5 4·6
Oat 7·1 5·0 8·4 7·9

Alcohol consumption (g/d), mean 11·3 2·8 3·2 20·5
Vegetable consumption (g/d), mean 148·4 141·9 93·3 177·5
Fruit consumption (g/d), mean 169·0 157·3 163·0 179·3
Bread non-white (g/d), mean 100·5 121·7 28·3 119·2
Bread white g/d (mean) 18·4 5·0 28·1 22·8
Crisp bread (g/d), mean 14·8 8·5 45·0 5·3
Breakfast cereals (g/d), mean 20·8 13·1 51·1 12·2
Processed meat (g/d), mean 34·3 39·4 36·8 29·9
Red meat consumption (g/d), mean 47·0 22·3 16·6 76·9
Fish consumption (g/d), mean 39·2 73·0 6·6 31·9
BMI (kg/m2), mean 25·3 24·4 25·0 26·1
Smoking (%)
Never 39·6 33·5 58·7 34·9
Former 27·8 29·3 19·9 30·4
Current 30·4 31·5 20·0 34·4
Unknown 2·2 5·7 1·3 0·3

Education (%)*
Primary school or less 29·1 23·4 28·4 33·0
Technical/professional school 33·9 35·8 21·7 38·2
Secondary school 19·5 28·4 28·1 9·8
Longer education/university 17·3 12·3 21·1 18·7

*Do not reach 100% due to missing values.
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highest quartile. The ‘bread and potatoes’ pattern had a
higher percentage of the Swedish participants in the
highest quartile, and more than 50 % of male participants
were found here. The ‘fish and non-white bread’ pattern
was highly dominated by Norwegians in the highest
quartile; however, males and females were more evenly
distributed across the quartiles. While a slightly higher
percentage of the Danes and Swedes were found in the
highest quartile of the ‘cereals and vegetables’ pattern,
only 9 % of the Norwegian participants were found here.
Again, males and females were evenly distributed across
the quartiles (Table 3).

As for the items indicating the Nordic Food Index, they
were distributed between three patterns: ‘bread and
potatoes’ (with whole grain rye), ‘fish and non-white
bread’ (with vegetables and fish) and ‘cereals and vege-
table’ (with fruit, vegetables and whole grain oat).

When looking separately at the males, three distinct
factors appeared when taking whole grains into

consideration (see online supplementary material, Sup-
plemental Table 1). The first factor was a ‘meat and fish’
pattern scoring high on red meat, poultry, fish, egg pro-
ducts and vegetables. It also had a high score on non-
white bread; however, it did not score high on any of the
whole grain variables. The second factor made a ‘bread’
pattern with white bread, crisp bread, processed meat,
margarine and cakes. It had the highest score on rye and
other grains. The third factor was named ‘cereal’ pattern
because of its high score on breakfast cereals and all the
whole grain items, especially wheat and oat.

For women in the total cohort we saw three patterns as
well (Supplemental Table 1); however, this time there
were a ‘meat and beverages’ pattern, a ‘cereal’ pattern and
a ‘fish and non-white bread’ pattern. The first pattern
scored high on red meat and egg, as well as most of the
drinks. The second pattern scored high on crisp bread,
breakfast cereals and on all of the whole grain items
except wheat. The last pattern had a high score on non-

Table 2 Factor loadings for the four-factor solution (dietary patterns) patterns in the total cohort*. The HELGA project

Food variable
‘Meat and
beverages’

‘Bread and
potatoes’

‘Fish and
non-white bread’

‘Cereals and
vegetables’

Potatoes 0·516
Vegetables 0·398 0·508
Fruit 0·474
Nuts and seeds
Milk
Yoghurt 0·473
Cheese 0·328
Dairy creams 0·323
Pasta 0·370
Rice 0·374
White bread 0·514
Non-white bread 0·636
Crisp bread − 0·356 0·581 −0·387
Breakfast cereals − 0·307 0·564
Salty biscuits
Red meat 0·776
Poultry 0·389 0·303
Processed meat 0·558 0·350
Fish 0·660
Crustaceans, molluscs 0·389
Fish products 0·453
Egg 0·511 0·355
Vegetable oils 0·422
Butter
Margarine 0·715
Sugar, honey, jam 0·320
Chocolate
Ice cream 0·329
Cakes and biscuits − 0·385 0·455
Fruit and vegetable juices
Carbonated drinks, soft drinks
Coffee, tea, herbal tea 0·659
Water 0·669
Alcoholic beverages 0·519
Condiments and sauces 0·415 0·329
Whole wheat cereal − 0·657 0·543
Whole rye cereal 0·556 0·322
Whole oat cereal 0·626
Whole grain cereal, other − 0·315 0·564 0·343
Variance explained (%) 9·8 8·8 7·7 6·7

*Factor loadings below ± 0·30 are not listed in the table.
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white bread, fish and fish products, and scored highest on
wheat. This pattern was dominated by Norwegians (data
not shown).

Patterns from principal component analysis:
country specific
When studying the factors for the different countries, a
three- or four-factor solution was most meaningful for all
three countries. A four-factor solution gave a little
more detailed information that was lost with a three-factor
solution. However, as the whole grain factors remained
unchanged whether three or four factors were included,
and to ensure comparability between countries, we went
for the three-factor solution (Table 4).

Norway
The three-factor solution (Table 4, Fig. 1(c)) revealed what
we may call a ‘cereal’ pattern which includes breakfast
cereals, rye, oat and other whole grain items. The second
pattern was a ‘bread’ pattern, with non-white bread, jam,
margarine and whole-grain wheat, and the last pattern was
a ‘meat and fish’ pattern including items like fish and
fish products, meat and meat products, vegetables, con-
diments and sauces, and water. The scores were only
moderately high for meat and fish items. The three factors
explained 25 % of the variation.

For Norway, items included in the Nordic Food Index
were divided between two patterns: the ‘cereal’ pattern
(fruit, whole grain rye and whole grain oat) and the ‘meat
and fish’ pattern (fish, fish products and vegetables).

Sweden
We found the same type of pattern in Sweden as in
Norway, but they differed from one another in content.
The first pattern, a ‘bread’ pattern, included white bread,
crisp bread, processed meat, margarine, jam, cakes, whole
grain rye and other whole grains. The second pattern was
named ‘meat and fish’ and scored high on red meat as well
as pasta and rice, but did not score high on fish, and only
moderately high on fish products. The third pattern,
named ‘cereals and non-white bread’, scored high on non-
white bread and breakfast cereals, as well as on all the
main whole grain cereals (Table 4). The three factors
explained 29 % of the variation.

Sweden was quite comparable to Norway concerning
Nordic Food Index items, with fruit, vegetables, whole grain
rye and whole grain oat in the ‘cereal’ pattern, and vegetables,
crustaceans and fish products in the ‘meat and fish’ pattern.

In gender-specific analyses, we found the same three
patterns for both men (Fig. 2(a), Supplemental Table 2) and
women (Fig. 1(a), Supplemental Table 3); one ‘cereal’ pattern
with non-white bread and breakfast cereals, one ‘meat and
fish’ pattern with meat and fish products, and one ‘bread’
pattern with white bread, crisp bread and sweet products.
However, the ‘meat and fish’ patterns and the ‘bread’ patterns
did not appear in the same order. The three factors explained
29% of the variation for men and 27% for women.

Denmark
The first pattern for Denmark was a ‘meat and fish’ pattern
with moderately high scores on meat and fish, and with
quite high scores on pasta, rice and vegetables. It also had
a high score on other whole grains. The second pattern
was a ‘cereals’ pattern that scored high on breakfast cer-
eals, wheat and oat. A ‘bread’ pattern was seen for Den-
mark as well, including non-white bread, processed meat,
margarine and rye (Table 4). The three factors explained
24 % of the variation.

Unlike Sweden and Norway, the Nordic Food Index
items were divided on all three patterns; the ‘cereals’
pattern (fruit, vegetables and whole grain oat), the ‘bread’
pattern (whole grain rye) and the ‘meat and fish’ pattern
(vegetables and fish/fish products).

When divided into men and women, Danish men had a
‘meat and fish’ pattern, a ‘cereals’ pattern and a ‘bread’ pat-
tern (Fig. 2(b), Supplemental Table 2), as seen for total men.
The ‘cereals’ pattern had high scores on breakfast cereals and
wheat and oat. The ‘bread’ pattern had high scores on non-
white bread and rye. The ‘meat and fish pattern’ had highest
scores on rice and other grains and moderately high scores
on the different meat and fish items.

Danish females (Fig. 1(b), Supplemental Table 3) had a
‘poultry and fish’ pattern with highest scores on vege-
tables, rice and other whole grains, and moderately high
scores on poultry and fish. The ‘cereals’ pattern was similar
to the men’s ‘cereals’ pattern with breakfast cereals,
wheat and oat as main items. The ‘bread’ pattern seen for
Danish women was similar to the men’s, with non-white

Table 3 Distribution of countries and genders in the dietary patterns of the total cohort. The HELGA project

‘Meat and beverages’ ‘Bread and potatoes’ ‘Fish and non-white bread’ ‘Cereals and vegetables’

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Countries (%)
Norway 57·0 40·0 3·0 0·0 35·0 34·6 24·0 6·5 3·1 12·7 31·1 53·1 36·2 32·7 21·8 9·3
Sweden 34·1 58·0 7·8 0·1 6·3 12·2 23·2 58·3 75·5 17·9 4·9 1·7 14·2 21·6 27·8 36·4
Denmark 0·0 0·3 47·1 52·6 26·9 24·5 26·5 22·0 16·5 36·2 30·1 17·1 22·5 21·5 25·8 30·1

Gender (%)
Men 11·4 16·9 26·7 45·1 6·7 14·3 27·3 51·6 29·8 26·7 25·8 17·8 26·4 20·9 23·6 29·1
Women 31·7 29·0 24·2 15·1 34·0 30·3 23·9 11·9 22·6 24·2 24·6 28·6 24·3 27·0 25·7 23·0
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Table 4 Factor loadings for the patterns found in Norway, Sweden and Denmark for the total cohort*. The HELGA project

Norway Sweden Denmark

Food variable ‘Cereals’ ‘Bread’ ‘Meat and fish’ ‘Bread’ ‘Meat and fish’ ‘Cereals and non-white bread’ ‘Meat and fish’ ‘Cereals’ ‘Bread’

Potatoes 0·381 0·413 0·398
Vegetables 0·502 0·427 0·402 0·548 0·358
Fruit 0·335 0·406 0·358
Nuts and seeds 0·360 −0·347
Milk 0·475
Yoghurt 0·379 0·340 0·378
Cheese 0·408 0·343 0·346
Dairy creams 0·357 0·460
Pasta 0·561 0·524
Rice 0·586 0·682
White bread 0·444 −0·441
Non-white bread 0·825 0·648 0·692
Crisp bread 0·377 0·733
Breakfast cereals 0·880 0·618 0·648
Salty biscuits 0·350 −0·343
Red meat 0·468 0·423 0·618 0·392 −0·447 0·308
Poultry 0·355 0·578 0·506
Processed meat 0·379 0·333 0·553 0·360 −0·478 0·506
Fish 0·550 0·532
Crustaceans, molluscs 0·407 0·413 0·320
Fish products 0·349 0·340 0·308
Egg 0·337 0·458 0·526
Vegetable oils 0·652 0·366 0·491
Butter
Margarine 0·600 0·640 −0·309 0·624
Sugar, honey, jam 0·459 0·463 0·386
Chocolate
Ice cream
Cakes and biscuits 0·503 0·312
Fruit and vegetable juices
Carbonated drinks, soft drinks 0·323
Coffee, tea, herbal tea
Water 0·731 0·309 0·462 0·330
Alcoholic beverages −0·395
Condiments and sauces 0·365 0·577 0·432
Whole wheat cereal 0·829 0·761 0·612 0·468
Whole rye cereal 0·512 0·407 0·564 0·497 0·603
Whole oat cereal 0·926 0·665 0·652
Whole grain cereal, other 0·906 0·613 0·682
Variation explained (%) 9·4 8·0 7·9 11·4 10·0 8·0 8·6 7·8 7·6

*Factor loadings below ±0·30 are not listed in the table.
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bread, margarine and rye as main items. The three factors
explained 24% of the variation for men and 23% for women.

Comparing the countries on gender
The ‘cereal’ patterns for women (Fig. 1(a)–(c)) were quite
similar in all three countries. However, looking at the
whole grain contribution to the patterns, we found some
differences. In Norway, this pattern had high loadings on
rye, oat and other grains, while the Swedish ‘cereal’ pat-
tern included non-white bread and loaded highest on
wheat, rye and oat. Danish women had high loadings on
wheat and oat in their cereal pattern.

The ‘bread’ patterns may be called ‘traditional’ patterns as
they express the traditional way of consuming bread in

Scandinavia, with open sandwiches dressed with margarine,
cheese, jam or meat/processed meat. A closer look at the food
items in the ‘traditional’ bread patterns revealed big differ-
ences. In Norway and Denmark non-white bread appeared
with the traditional sandwich dressings, while in Sweden white
bread and crisp bread were found together with the sandwich
dressings. In addition, the Swedish pattern included several
sweet items: chocolate, cakes, ice cream and soft drinks. The
whole grain items in these patterns were different too; in
Norway wheat was the main item, Sweden scored highest on
other whole grains and moderately high on rye, while Den-
mark scored highest on rye and moderately high on wheat.

The ‘meat and fish’ patterns were quite compatible for
women in Norway and Sweden, but the Swedish pattern did
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Fig. 1 Dietary patterns for Swedish (a), Danish (b) and Norwegian (c) women. The HELGA project
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not include fish, only crustaceans and fish products. They
also shared some similarities with the Danish women’s
‘poultry and fish’ pattern. However, the Danish pattern did
not include red and processed meat or fish products. None
of the countries had patterns that were very similar to the
patterns for females in the total cohort.

The patterns for men (Fig. 2(a) and (b)) were almost
similar to what we saw for women in the respective countries,
except that Danish women had a ‘poultry and fish’ pattern
that did not include red meat and fish products as found in
the ‘meat and fish’ pattern for Danish men. Thus, the differ-
ences between Swedish and Danish men were approxi-
mately the same as seen between Swedish and Danish
women. Compared with the patterns for men in the total
cohort, most similarities were seen in the Swedish patterns.

Robustness of the patterns
When dividing the data set randomly in two equal sized
parts, both for the total cohort and in country-specific
analyses, the same patterns appeared as in the main
analyses, only with slightly different factor loadings.

Discussion

Our data indicate that even though we find similar dietary
patterns in the Scandinavian countries, the food items

representing the patterns reflect slightly different food
cultures. Hence, one should be careful when treating the
Scandinavian or Nordic countries as one.

Our results are in accordance with a previous study of
Mäkelä et al. that found differences between meal patterns
in the Nordic countries, with most similarities between
Norway and Denmark, and between Sweden and Fin-
land(31). It also supports to some extent results shown in
country-specific studies(4–8). A traditional pattern found by
factor analysis in The Oslo Health Study(5) corresponds to
a fish pattern we found when we tried out a four-factor
solution for Norway, and it also corresponds to the ‘tra-
ditional fish eaters’ pattern formerly found in the present
Norwegian cohort(7). The Norwegian cohort was pre-
viously used for pattern analysis; however with a different
approach and with different variables involved. The pre-
vious study revealed six different patterns, and two of the
patterns were quite similar to two of the patterns found
here; a ‘healthy eater’ pattern similar to our cereal pattern
and a ‘traditional bread eater’ pattern similar to our tradi-
tional bread pattern.

Pattern analysis was previously performed on males in
the present Danish cohort as well(32). Both PCA and
Treelet transform were used to explore the patterns, and
seven different factors were found both in PCA and Treelet
transform. When comparing the results from the PCA with
our results, one factor is quite similar to our Danish ‘bread’
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and one is close to our Danish ‘meat’ pattern. However,
the choice of factors and the food group classification are
different from our study; hence a direct comparison is
not possible.

Additional analysis has not been performed on the
entire Swedish cohort, but parts of the Västerbotten
Intervention Programme constitute a part of the present
Swedish cohort where Winkvist et al.(4) reported patterns
they assumed were more typical for Sweden. These
patterns can to some extent correspond to the Swedish
patterns we found, although it is difficult to compare the
results since the analysis was done on a different cohort
and different food items, and cluster analysis was per-
formed, not PCA. The traditional pattern found by Wirfält
et al.(6) in analysis of the Malmö Diet and Cancer study is
quite similar to our Swedish bread pattern when comes to
food items: white bread, sweets and soft drinks, but like
for Winkvist et al. it is difficult to compare directly.

Patterns similar to our cereal pattern are found by sev-
eral researchers; Hu et al.(33) identified two different pat-
terns by use of PCA in the Health Professionals Follow-up
Study in the USA and named them ‘prudent’ and ‘western’.
The ‘prudent’ pattern had high scores on fruit and vege-
tables, fish, poultry and whole grains. Another American
study by Hsiao et al.(34) identified, by means of cluster
analysis, three patterns which they called ‘western-like’,
‘low produce, high sweets’ and ‘more healthful’. The ‘more
healthful’ pattern was characterised by high intakes of
fruits, vegetables, whole grains, eggs, nuts, legumes and
dairy products. A Greek study(35) on healthy women
identified ten patterns by the use of PCA, one of them a
pattern with high scores on whole grain cereals and low-
fat dairy. None of the studies has distinguished between
different types of whole grains.

Our results confirm the results from a recent analysis of
HELGA, based on data from 24 h dietary recalls(21), where
large differences in the type of whole grains used in
Scandinavian countries were found; predominantly wheat
in Norway, and rye in Sweden and Denmark.

The strength of the present study is the large sample
size and the use of standardized data from validated
questionnaires(25–28), in addition to the detailed informa-
tion on intake of whole grains gained from the reclassifi-
cation of the food variables.

FFQ are commonly known to have errors (inadequate
food lists, inappropriate response categories, under- or
over-reporting, etc.). The FFQ in the present study differ in
design and are specific for each country, thus the details
behind each food group included in the study may vary.
This may be considered a limitation of the study.

There is an over-representation of persons with high
socio-economic status in all three cohorts(36–38), therefore
the results may not be representative for the general popu-
lation. Participants were recruited from all over Norway, but
only from certain areas in Sweden and Denmark. However,
participants were recruited from both rural and urban areas

and may to some extent be considered to represent the
entire countries, or regions(36–38). Only the age groups
represented in the current study can be considered; hence
the findings do not reflect young people and in Norway they
only reflect women.

The factors used in the analysis explained between 33 %
(total cohort) and 23 % (Danish women) of the variation.
This is the percentage of the variation that could be
explained based on the criteria used to choose the number
of factors; the rest is ‘noise’. The factors cannot explain all
the food choices of Scandinavian people, but represent
those that can be identified and interpreted in the midst of
the ‘noise’. A higher number of factors would give a higher
variation explained; however, the factors would give less
meaning. The ‘noise’ only indicates that there are other
dietary patterns than the ones mentioned here; but as
explained in the Results section, they may be strongly
overlapping the factors we have chosen.

The patterns were given approximately the same names
in all three countries based on the food items character-
ising the patterns. However, a closer look at all the items
included in each pattern revealed some differences
between the countries and thus the names can be some-
what misleading. They were chosen based on the food
items with the highest loadings in each pattern or most
characteristic for the pattern (e.g. ‘bread’ pattern, because
products with higher scores, like margarine, are associated
with bread/sandwiches; or ‘meat’ pattern where vege-
tables, rice and pasta may have higher scores, but will be
served with meat as the main dish). Therefore, patterns
with the same names may include quite different food
items, except for those representing the names. It is
therefore important not to look only at the names, but to
study patterns given the same names more closely. Factor
analyses are encumbered with other subjective choices
than the naming of patterns as well; the choice of how
many factors to keep is another subjective choice to make.
In our case we were most interested in whole grain items,
and the factors were chosen based on what gives best
information on whole grains.

Summing up, our data indicate that there are similar
dietary patterns in the Scandinavian countries, however
with differences reflecting different food cultures. The
cereal pattern found in all three countries for both men
and women, with high loadings on breakfast cereals and
whole grain oat, may be considered a common Scandi-
navian whole grain pattern.

Food wise, the bread patterns seen for Norway and
Denmark look quite similar. The Swedish bread pattern
differs from the other two countries with white bread
and crisp bread instead of non-white bread, and more
sweet food items. However, the main whole grain in the
Norwegian bread pattern is wheat, while it is rye in both
Denmark and Sweden. The meat pattern for Danish
women differs from the other meat patterns since it does
not include red or processed meat, only poultry and fish.
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There are some gender differences in Denmark com-
pared with Sweden, where men and women seem to share
the same patterns.

Food items suggested to belong to a Nordic Food Index
were found in three patterns for the total cohort and in
Denmark, and in two patterns for Norway and Sweden.

The results from the current study are adding some
information about food habits and patterns in Scandinavia
and may be useful for Scandinavian health authorities
when revising their food recommendations.
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