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Abstract
Objective: To relate empirically derived dietary patterns identified using the Treelet
Transform (TT) to risk of stroke.
Design: A prospective cohort study using the Danish Diet, Cancer and Health
cohort. Dietary information was obtained in 1993–1997 using a validated semi-
quantitative FFQ. Incident stroke diagnoses, obtained from the Danish National
Patient Register, were verified by record review. Dietary patterns were generated
using TT, and participants were categorised into quintiles based on their adherence
to each pattern. Sex-specific Cox proportional hazard models estimated associa-
tions between dietary patterns and stroke.
Setting: Denmark.
Participants: 55 061 men and women aged 50–64 years at the time of enrolment.
Results: Three dietary patterns explaining 15·4 % of the total variance were iden-
tified: a Prudent pattern, aWestern pattern and aWine & Snacks pattern. During a
follow-up time of 10 years, 1513 cases occurred. Comparing the highest to lowest
quintiles of intake, adherence to a Prudent pattern was inversely associated with
stroke (HRmen 0·74, 95 % CI 0·60, 0·91; HRwomen 0·82, 95 % CI 0·62, 1·08), while
adherence to a Western pattern was associated with greater risk (HRmen 1·61,
95 % CI 1·23, 2·10; HRwomen 2·01, 95 % CI 1·48, 2·72). No association was found
for a Wine & Snacks pattern for women, but a weak inverse association was found
for men (HR 0·81, 95 % CI 0·67, 0·99).
Conclusions: The results of this study are broadly in line with current recommen-
dations for a healthy diet to prevent stroke.
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CVD, including stroke, is the leading cause of mortality
among adults. According to the WHO, 6·7 million deaths
were due to stroke in 2015, and the European Heart
Network estimated that stroke causes close to one million
deaths in Europe each year(1–3). The incidence of stroke is
increasing globally, and as more people survive a stroke to
live with life-long consequences(4), the burden of disease is
expected to increase in the years to come(4,5). Prevention is,
therefore, imperative to reduce the risk of stroke and
thereby the burden that stroke imposes on healthcare sys-
tems and on the individual.

One of the prominent modifiable risk factors for stroke is
diet, which is also important in developing other conditions
known as risk factors for stroke, such as hypertension,
hypercholesterolaemia and diabetes mellitus(1,6–8). So far,

no clear association has been found between any single
food or nutrient and risk of stroke(9). A review by Sherzai
showed that the associations between single foods and
risk of stroke differed depending on the study population.
This could be due to the complexity of dietary preferences
and complicated interactions between foods that are not
accounted for by examining single foods, including
cultural differences in overall dietary habits and food
preparation(9–15). To address this, dietary patterns can be
derived using exploratory methods. These methods are
data-driven and are used to identify patterns based on
information on real dietary habits(14,15). Frequently used
exploratory methods include cluster and factor analysis.
Cluster analyses derive groups of people with similar
dietary habits and categorise individuals into mutually
exclusive clusters(10,14,15). Principal component analysis
(PCA) is a factor analysis often used to create meaningful
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factors, or patterns, based on correlations between individ-
ual food groups. PCA uses all available food groups to
describe the factors, resulting in patterns that are complex
to interpret(10). The Treelet Transform (TT) is a recently
developed exploratorymethod that combines the strengths
of PCA and cluster analysis. Similar to PCA, TT uses the cor-
relation matrix to derive factors based on most correlated
foods; however, the factors produced by TT contain a
smaller number of food groups and are thereby simpler
to interpret(13,16). To date, very little is known about how
TT-derived patterns relate to the risk of disease.

In a meta-analysis of studies that used cluster analysis,
factor analysis or PCA to generate dietary patterns and to
assess their associations with CVD(17), ‘Prudent/Healthy’
patterns were associated with an inverse risk of coronary
heart disease, but not statistically significantly with the risk
of stroke. The ‘Western/unhealthy’ patterns were not con-
sistently associated across global regions, such as North
America/Europe and Asia. Hence, there could be different
prevalent dietary patterns associated with the risk of CVD,
and dietary patterns that share similarities across global
regions are not consistently associated with disease devel-
opment. This may be due to differing methodologies
between studies, or true cultural differences in food habits.
A dimension reduction method to derive dietary patterns
that requires fewer investigator-driven decisions may aid
in disentangling this.

Thus, the aims of this study were to use TT to identify
dietary patterns that explained variations in dietary habits
in this Danish population, and to examine the associations
between these dietary patterns and the risk of stroke. Based
on previous studies, we expected to identify two to three
dietary patterns(17–20), and that high adherence to any pat-
tern, including foods recommended by the American
Stroke Association, would be associated with a lower inci-
dence of stroke(8).

Materials and methods

Study design and population
We used the Danish Diet, Cancer and Health cohort study.
Men andwomen aged 50–64 years born in Denmark, living
in the greater areas of Aarhus and Copenhagen andwithout
any previous cancer diagnosis registered in the Danish
Cancer Registry, were invited to participate in the study
between December 1993 and May 1997. Participants were
excluded if information on diet, covariates or enrolment
date was missing, if the participant had previously had
cancer unregistered at the time of invitation, or a stroke
prior to enrolment.

At enrolment into Diet, Cancer and Health, participants
filled in an FFQ and visited one of the study clinics. In the
study clinic, a questionnaire on lifestyle factors and health
was filled in and participants underwent a physical exami-
nation where anthropometrical measurements, such as

weight, height and blood pressure, were taken and biologi-
cal samples were collected(21).

Diet assessment
Prior to the study clinic visit, participants completed a self-
administered, 192-item semi-quantitative FFQ, specifically
developed for the Diet, Cancer and Health cohort. The FFQ
contained questions relating to different beverages, foods
and dishes, and participants reported how often within
the past year they had consumed each food item within
twelve categories, ranging from ‘never’ to ‘eight times a
day’(21). The average daily intake of specific foods and
nutrients was calculated for each participant using the soft-
ware programme FoodCalc, using specifically developed
standardised recipes and portion sizes(21,22). The develop-
ment and validation of the FFQ has been described
elsewhere(22,23).

Each food item was grouped into larger food groups
based on the general guidelines from the European
Prospective Investigation into Cancer and Nutrition, of
which the Diet, Cancer and Health study is a part(24).
Further groupings were made based on cultural consider-
ations so that similar foods were aggregated into a total of
thirty-one food groups.

Outcome: stroke
Possible stroke cases, ischaemic or haemorrhagic, which
had occurred before 30 November 2009 were identified
by linkage to the Danish National Patient Register based
on the International Classification of Disease codes (ICD-8:
430, 431, 433, 434, 436.01 or 436.90; ICD-10: I60, I61, I63 or
I64). Diagnoses were then verified by a physician with
neurological experience, who reviewed all medical and
discharge records(25).

Covariates
Potential confounders were selected a priori as established
risk factors for stroke.

Information on sex, education, smoking, alcohol intake,
physical activity and hypertension, hypercholesterolaemia
and diabetes was obtained at baseline from the self-
administered lifestyle questionnaire. In the questionnaire,
participants stated their educational level after elementary
school (none, short, medium and long), current smoking
habits (never, former or current), howoften they consumed
alcohol, including beer, wine, spirits and fortified wine
(never, <one occasion per month, one–three occasions
per month, one occasion per week, two–four occasions
per week, five–six occasions per week, daily) and their
habitual leisure-time physical activities (hours per week
engaged in walking, biking, housework, home mainte-
nance, gardening and sports). Participants stated if they
had hypertension, hypercholesterolaemia and diabetes
mellitus, and if they were taking medications for these con-
ditions, and the hypertension, hypercholesterolaemia and
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diabetes mellitus variables were constructed combining the
responses to these questions.

Height and weight were measured by a lab technician
during physical examination. Height was measured, to
the nearest 0·5 cm, with the participant standing without
shoes. Weight was measured, to the nearest 0·1 kg, using
a digital scale, with the participant wearing light clothing
or underwear. BMI was calculated as weight/height2

(kg/m2).

Statistical analysis
Dietary intake of each food group was adjusted for total
energy intake by the residual method to prevent partici-
pants with a high energy intake from dominating the
dietary patterns(26).

The Treelet Transform
Dietary patterns were exploratively generated using TT as
described by Gorst-Rasmussen(13,16). TT is a dimension
reduction method, based on the statistical principles of
cluster analysis and PCA. Few investigator-led decisions
are required to derive meaningful factors in a given dataset.
The TT algorithm introduces sparsity in factor loadings,
making many factor loadings exactly zero. This results in
fewer variables (food groups) being included in each fac-
tor, compared to a PCA, and thereby simplifies the investi-
gators’ interpretation of which variables are important
contributors to the pattern. The TT algorithm locates the
food groups with highest correlations and performs a local
PCA. The two food groups are merged at the bottom of the
cluster tree and replaced by a sum factor. Then a local PCA
is performed on the sum factor and the nextmost correlated
food group. The sum factor and the next most correlated
food group are then replaced by a sum factor at the next
level of the tree. This is repeated for all food groups, so that
a local PCA is made for all the remaining correlations
between food groups until all food groups are represented
in the cluster tree. A sum factor is estimated at each level
of the cluster tree representing a connection between
included food groups. Selecting a cut level for the TT clus-
ter tree amounts to choosing the level of detail desired in
the dimension reduction of data. More variation can be
explained at the cost of factor sparsity with a higher cut
level. Here, a ten-fold cross-validation was used to define
the optimal cut level for the cluster tree, that is, the point at
which increasing the cut level does not substantially
increase the variation of retained patterns.

The number of meaningful dietary patterns was decided
at this cut level based on the increase in explained variation
that another pattern could contribute with, compared to a
single food group. To only identifymeaningful patterns, the
eigenvalue cut-off for the patterns was set to >1·25(27).

Within the generated patterns, a factor loading for each
underlying food group was estimated based on the sum
factor for the pattern itself.

The participants’ adherence to each dietary pattern (TT
scores) was estimated as the average of their energy-
adjusted intake of food groups contributing to the factor
weighted by food group factor loadings. Positive scores
indicated a larger-than-average intake of contributing
food groups and vice versa. Participants were catego-
rised into quintiles (Q) based on their adherence to each
pattern. Independence between patterns was verified
using Spearman's correlation.

Cox proportional hazard model
Cox proportional hazard models were used to estimate
hazard ratios (HR) with 95 % CI for the association between
adherence to dietary patterns and stroke. Age was used as
the underlying timescale. Time at risk was defined as time
from enrolment until an event – stroke, death by other
cause, emigration or 30 November 2009, whichever came
first. All analyses were stratified by quintiles of date of
enrolment, since conditional independence between
participants’ risk of stroke and date of enrolment was not
confirmed. Model 1 was adjusted for age and total energy
intake, and model 2 was further adjusted for potential
confounders: educational level (none, short, middle long,
and long), smoking (never, former and current), physical
activity (>/<30min/d), BMI (underweight–<18·5 kg/m2; nor-
mal weight – 18·5–24·9 kg/m2; overweight – 25–29·9 kg/m2)
and obesity (≥30 kg/m2), together with self-reported hyper-
tension, hypercholesterolaemia and diabetes mellitus (yes,
no or unknown). Model 2 was additionally adjusted for alco-
hol intake (<one occasion per month, one–four occasions
per month, two–four occasions per week, >four occasions
per week), for dietary patterns not including alcohol.

HR were estimated for total stroke in men and women
separately, to evaluate whether associations between
dietary patterns and risk of stroke differed by sex. As this
was an a priori decision, a test for effect modification on
multiplicative scale was not performed. The proportional
hazards assumption was assessed using log-log plots
and global tests of proportional rates for dietary patterns
during follow-up. A sensitivity analysis was performed after
adjusting for smoking in five categories (never, former,
current <15 g tobacco per day, 15–25 g/d, >25 g/d) instead
of three, alcohol consumption as g/d, and physical activity
expressed as hours per week instead of categorical
variables.

A complete case analysis was conducted. All statistical
analyses were conducted in Stata/IC 15.1. Two-sided
P values ≤0·05 were considered statistically significant.

Results

A total of 160 725 Danish men and women were invited to
participate in the Diet, Cancer and Health study, of which
57 053 (35·5 %) chose to participate. 55 061 were included
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in the present study. In total, 1992 participants were
excluded (Fig. 1). During a median follow-up time of
13·5 years, 1357 verified incident stroke cases occurred
among men and 901 cases among women. Compared to
the cohort, stroke cases were more often male, had no edu-
cation after elementary school, were overweight or obese,
were smokers, drank alcohol daily, were less physically
active and reported hypertension, hypercholesterolaemia
and diabetes mellitus (Table 1).

When conducting the TT analysis, the cross-validation
showed an optimal cut level at fourteen for two to four
patterns, at which level three patterns had eigenvalues
>1·25. The correlationmatrix for the thirty-one food groups
with these three dietary patterns is illustrated in the cluster
tree in Fig. 2. The cumulative variance in diet described
by the three patterns was 15·4 %. The eigenvalue and
variance of each pattern is shown in Table 2. The first pat-
tern derived from TT, named Prudent, was characterised
by a high intake of, for example, fish, fruit and vegetables.
The second pattern was named Western and had a high
intake of animal products, and the third pattern was named
Wine & Snacks with a high intake of alcohol and salty
snacks. Food groups represented in the dietary patterns
as well as factor loadings for each food group are listed
in Table 2.

The distribution of potential confounders across quin-
tiles of the three dietary patterns is shown in Table 3.
Participants with high adherence to the Prudent pattern
were more often women, had longer education, were
less likely to be smokers, drank alcohol more frequently,
were more physically active and had hypertension,

hypercholesterolaemia and diabetes mellitus compared
to participants with low adherence.Within theWestern pat-
tern, participants with high adherence were more likely to
be male, had shorter education, less healthy habits and
hypercholesterolaemia and diabetes mellitus compared
to participants with low adherence. Participants with
high adherence to Wine & Snacks were more often male,
had longer education, few were obese, more were previous
smokers, more drank alcohol frequently and few had diabe-
tes mellitus compared to participants with low adherence.

The associations between adherence to the Prudent,
Western andWine & Snacks patterns and stroke are shown
in Table 4 (men) and Table 5 (women). The proportional
hazards assumption could not be accepted, as the associa-
tion with baseline dietary patterns changed over the com-
plete follow-up time. To obtain proportional hazards, the
follow-up time was, therefore, truncated at 10 years, during
which 913 cases occurred among men and 600 cases
among women.

In men, adherence to the Prudent pattern was associated
with a lower risk of stroke after adjusting for confounders
(Q5 v. Q1 HR 0·74, 95% CI 0·60, 0·91). Point estimates in
womenwere similar to those formen, but not statistically sig-
nificant. High adherence to the Western pattern was associ-
ated with a greater risk of stroke in both men and women
after adjusting for confounders (men: Q5 v. Q1 – HR 1·61,
95% CI 1·23, 2·10; women: Q5 v. Q1 – HR 2·01, 95% CI
1·48, 2·72).

Adherence to the Wine & Snacks pattern was weakly
inversely associated with stroke in men (Q5 v. Q1 – HR
0·81, 95 % CI 0·67, 0·99), but not in women.

Invited to Diet, Cancer 
and Health
(n 160 725)

Participants in Diet,
Cancer and Health

(n 57 053)

Participants in this study
(n 55 061)

Excluded from this study: 3·5% (n 1992)
Missing dietary data (n 55)
Diagnosis of cancer (n 569)
Diagnosis of apoplexy (n 578)
Missing date of enrolment (n 42)
Missing information on covariat(s) (n 748)

Educational level (n 193)
BMI (n 37)
Smoking (n 31)
Alcohol (n 44)
Physical activity (n 328)
Hypertension (n 40)
Hypercholesterolaemia (n 59)
Diabetes mellitus (n 16)

Non-participants: 64·5% (n 103 672)

Fig. 1 Flowchart of Diet, Cancer and Health cohort and exclusion of participants from this study
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Table 1 Baseline characteristics of study cohort and participants who developed stroke during follow-up

All n, 55 061 p10–p90 Cases n, 2258 p10–p90

Age, median 56 51–63 59 52–64
Sex, women (%) 52·4 39·9
Educational level after elementary school (%)
None 14·8 17·7
Short 23·0 21·3
Middle long 40·1 38·4
Long 22·2 22·7

BMI (%)
<18·5 0·8 0·8
18·5–24·9 43·1 37·1
25–29·9 41·7 43·4
≥30 14·5 18·7

Smoking (%)
Never 35·3 23·9
Former 28·8 26·1
Current 35·9 50·0

Alcohol (%)
<One occasion per month 8·1 10·7
One–four occasions per month 25·0 21·7
Two–four occasions per week 33·3 28·5
>Four occasions per week 33·6 39·1

Physical activity (%)
≥30min/d 39·5 34·2

Hypertension (%)
Yes 16·0 27·7
No 71·0 58·5
Unknown 13·0 13·8

Hypercholesterolaemia (%)
Yes 7·4 10·9
No 50·4 48·5
Unknown 42·3 40·5

Diabetes mellitus (%)
Yes 2·0 4·3
No 93·4 90·0
Unknown 4·5 5·8

Fig. 2 Cluster tree of food groups produced by Treelet Transformwith three factors at cut level 14: T1 (Prudent), T2 (Western) and T3
(Wine & Snacks)
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Sensitivity analyses with more fine-grained control for
confounding showed no changes in associations (data
not shown).

Discussion

In this large cohort study, three dietary patternswere derived
based on information about 55 061 participants’ dietary
intake. Adherence to a Prudent dietary pattern was associ-
ated with a lower risk of stroke among men, but not signifi-
cantly so among women. High adherence to a Western
pattern was associated with a greater risk for both men
and women. Adherence to a Wine & Snacks pattern was
associated with a slightly lower risk of stroke among men,
but no association was found in women.

Our study has strengths and weaknesses. Risk of bias
related to the selection of participants was unlikely in
our study, thanks to the very limited loss to follow-up
(0·6 % due to emigration).

Information about dietary intake was obtained through a
semi-quantitative FFQ, which is a common choice of dietary
instrument in large cohort studies(26). The FFQ used in this
study has been validated in previous studies(22,23,28,29).
Some misclassification related to exposure is inevitable as

dietary information was self-reported; however, recall-bias
was likely to have been non-differential with respect to
the outcome, resulting in an underestimation of associations.
Based on previous studies, measurement error due to sys-
tematic underreporting as a function of total energy intake,
underreporting of alcohol, and sex-dependent overreport-
ing of healthy foods was expected(26,30). To reduce the
influence of measurement errors related to systematic
underreporting of all food groups, participants’ intake of
each food group was adjusted for total energy intake, mak-
ing their intake relative rather than absolute. Nevertheless,
over- or underreporting of specific food groups could have
affected the generation of our dietary patterns, both in terms
of which food groups were represented in the patterns and
in the calculation of factor loadings for each food group.
Thus, non-differential misclassification of adherence to the
dietary patterns among participants with a high alcohol
intake and sex-specific overreporting of healthy foods
could have occurred. Overall, the dietary patterns may have
included other foods if true intake had been available, but
neither of these potential measurement errors or misclassifi-
cations are expected to be related to participants’ risk of
stroke, as they occurred prior to incident disease. Therefore,
these errors are most likely non-differential and would tend
to underestimate the true associations.

Table 2 Factor loadings for food groups within the derived dietary patterns from Treelet Transform analyses

Food group Prudent Western Wine & Snacks

Potatoes 0·3020
Processed meat 0·5254
Red meat 0·5254
Beer and cider 0·4619
Other animal fat 0·2901
Coffee 0·2433
Eggs and egg products
Margarine
Unsweetened or artificially sweetened carbonated/soft/isotonic
drinks, diluted syrups

Sugar and confectionery
Cakes and biscuits
Sweetened carbonated/soft/isotonic drinks, diluted syrups
Milk
Condiments and sauces 0·2738
Fruit 0·3956
Vegetables and legumes 0·3956
Poultry 0·3550
Vegetable oils 0·3550
Lean fish and shellfish 0·4243
Fatty fish 0·4243
Fruit and vegetable juices
Yoghurts
Wine 0·5462
Spirits, brandy 0·5462
Salty snacks 0·4763
Fortified wines 0·4202
Tea
Cheese and cream
Wholegrain bread and oats
Butter
Pasta, rice and white bread
Explained variation (%) 5·9 5·2 4·3
Eigenvalue 1·8 1·6 1·3
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Table 3 Baseline characteristics of participants according to selected quintiles of derived dietary patterns

n 55 061 Prudent Western Wine & Snacks

Q1 p10–p90 Q3 p10–p90 Q5 p10–p90 Q1 p10–p90 Q3 p10–p90 Q5 p10–p90 Q1 p10–p90 Q3 p10–p90 Q5 p10–p90

Age, median 56 51–63 56 51–63 56 51–63 56 51–63 56 51–63 56 51–63 57 51–64 56 51–63 56 51–63
Sex, women (%) 35·1 56·4 59·4 74·8 60·1 14·6 57·8 53·9 42·5
Educational level after elementary school (%)
None 21·0 13·8 10·4 10·8 15·5 17·2 24·3 13·5 8·0
Short 20·7 24·4 23·8 26·0 24·7 17·3 24·8 23·1 20·3
Middle long 39·2 40·3 39·5 39·6 39·1 41·3 36·0 42·6 39·8
Long 19·1 21·6 26·3 23·6 20·7 24·1 14·9 20·8 31·9

Smoking (%)
Never 28·6 36·9 37·7 47·4 37·4 18·6 36·6 38·6 28·2
Former 24·7 28·9 33·5 30·1 29·4 26·7 23·6 29·2 32·7
Current 46·8 34·2 28·8 22·5 33·2 54·7 39·8 32·2 39·1

Alcohol (%)
<One occasion per month 11·7 7·0 7·6 12·1 8·3 4·8 30·0 1·9 0·9
One–four occasions per month 27·3 24·9 23·1 32·0 26·6 13·8 46·0 22·4 3·2
Two–four occasions per week 29·3 34·3 34·5 33·5 35·7 26·3 14·5 50·2 21·2
>Four occasions per week 31·8 33·8 34·8 22·4 29·5 55·2 9·5 25·6 74·8

Physical activity (%)
≥30min/d 32·9 38·8 48·2 50·7 38·0 32·1 38·8 38·9 39·0

BMI (%)
<18·5 1·0 0·9 0·7 1·3 0·7 0·5 1·3 0·7 0·6
18·5–24·9 42·1 44·0 41·7 54·1 42·7 33·0 41·6 43·1 44·4
25–29·9 42·3 41·0 42·4 34·3 42·2 48·1 39·0 42·6 43·5
≥30 14·6 14·1 15·3 10·3 14·4 18·4 18·2 13·6 11·6

Hypertension (%)
Yes 13·0 15·7 18·3 14·6 16·8 15·2 16·8 15·5 16·4
No 70·2 71·8 71·1 75·3 71·2 67·0 70·2 71·4 70·9
Unknown 16·8 12·5 10·6 10·1 12·0 17·9 13·0 13·1 12·7

Hypercholesterolaemia (%)
Yes 5·4 7·0 10·5 6·3 7·7 8·1 7·7 7·0 8·1
No 49·2 50·6 51·5 53·6 50·1 47·9 50·2 49·5 51·6
Unknown 45·4 42·3 38·0 40·1 42·2 44·0 42·1 43·5 40·3

Diabetes mellitus (%)
Yes 1·4 1·9 3·1 1·3 2·1 2·7 3·5 1·4 1·7
No 92·5 93·8 93·1 94·9 93·6 91·0 91·0 93·9 94·1
Unknown 6·1 4·4 3·8 3·8 4·3 6·4 5·4 4·7 4·2
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Misclassification of outcomes in this study could only be
non-differential with respect to the exposure, as the classi-
fication and verification of cases were obtained independ-
ently from knowledge about dietary intake. Verification
through medical journals furthermore excluded false-
positive cases(31). Thus, bias related to misclassification of
outcome was minimised.

Adjusting for potential confounders, identified a priori,
showed that these confounded the associations between
dietary patterns and risk of stroke, but a further fine-grained
adjustment did not alter the results. Nevertheless, residual
confounding in this observational study cannot be
ruled out.

The aim of this study was to describe dietary patterns
explaining variations in actual dietary habits. For this pur-
pose, an exploratory method such as TT is well suited.
A strength of exploratory methods is their ability to account
for the correlated combinations of foods, which are part of
the cumulative effect of diet. Dietary patterns generated
using PCA included all food groups, making the patterns
complex and difficult to interpret. Using TT, we generated
patterns that were easier to interpret due to their simplicity,
compared to patterns generated with PCA. The dietary pat-
terns generated in this study explained 15·4 % of variance in
diets. This may seem low compared to the dietary patterns
generated with PCA, which in other studies explained
between 16 and 27 % of variancewith two to three patterns;
yet, Gorst-Rasmussen et al. found that TT described
almost as much variation as PCA for the same number of
patterns(13). However, as the aim of this study was to
explain the variance in diet, and not to generate patterns
most correlated with disease, an outcome-independent
method, rather than an outcome-dependent method, was
chosen. Therefore, these patterns cannot be interpreted
as patterns most associated with the risk of stroke(10,14).

Using exploratory methods necessitates subjective
choices made by the investigator(10,13–15). In this study,
standardisation and cultural adaption of food groups,
adjustment for total energy, the expected number of pat-
terns generated, at what level the cluster tree was to be
cut, and the naming of patterns were given a careful consid-
eration. No separate patterns were derived for subgroups,
as the study populationwas considered homogenous in rela-
tion to diets, and other studies have not found sex differences
in dietary patterns(11). The reproducibility and validity of
exploratory-derived dietary patterns are often discussed,
as knowledge on this subject is still insufficient(10,12,15).
A disadvantage of these methods is that identical patterns
can never be derived across different study populations,
making the comparison of results difficult(14,15). However,
the patterns determined here had high loadings of food
groups similar to those found in other studies(9,12,17). This
indicates some reproducibility of exploratory-generated
dietary patterns across study populations.

The proportional hazards assumption was not met in
this study, perhaps because other age-related causes ofT
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stroke increased in importance over time(7), leading to
changes in baseline hazards, or because participants’
dietary habits changed during follow-up. Thus, partici-
pants’ adherence to dietary patterns at enrolment probably
does not reflect their true exposure across the entire follow-
up period, and an HR for the entire follow-up time would
have been deceptive. However, our literature review did
not observe a cut in follow-up time in any other studies
of long follow-up using baseline dietary measurements.
This phenomenon may, therefore, depend on the specific
dietary exposure under study. Truncating follow-up at
10 years ensured that model assumptions were met but
decreased the number of incident cases for analyses to
1513 over 10 years.

In this study, we found inverse associations between
adherence to a Prudent pattern and risk of stroke, which
has also been found by others using exploratory-derived
patterns. For example, Fung et al. and Stricker et al. found
similar patterns consisting of high intakes of fruit, vegeta-
bles, whole grains, fish and poultry that were associated
with a lower risk of stroke (HR 0·78, 95 % CI 0·61, 1·01;
and 0·69, 95 % CI 0·53, 0·88, respectively)(19,35).

Comparing the dietary patterns derived by other studies,
the recurrent food groups in a Western pattern are red and
processed meat(17,35,36), but apart from meats, the important
food groups within Western-type patterns differed between
studies. Unsurprisingly, the associations between Western/
unhealthy patterns and stroke also vary. In a meta-analysis
by Rodriguez-Monteforte, no associations between adher-
ence to a Western/unhealthy pattern and stroke were
found(17). This could be explained by the differing food
groups within these patterns, which might have influenced
the overall associations with stroke.

Contrary to the results of this study, a high adherence to
the Wine & Snacks pattern might be expected to be asso-
ciated with a greater risk of stroke due to the high intake of
alcohol in the upper quintiles of the pattern. Our results
could be due to the non-uniform reference group (Q1),
as this quintile included both participants who never

consume alcohol – possibly for health-related reasons,
and thus might have a high underlying risk of stroke(37) –
and those with frequent alcohol intake. A quarter of partici-
pants in Q1 consumed alcohol more than two times a
week (Table 3). Thus, adherence to the Wine & Snacks
pattern is not a representation of total alcohol intake, but
rather of specific alcoholic beverages, and the associations
between the patterns and risk of stroke can, therefore, not
be interpreted as representing a greater consumption of
alcohol as a whole.

Our results are likely to be transferrable to other popu-
lations of the same age andwithin similar social and cultural
settings as the study participants. While the participants
in the Diet, Cancer and Health cohort were better off in
relation to socioeconomic factors compared to non-
participants, there were no major differences between the
participants andDanish population in relation to dietary hab-
its at entry into the study(21). In addition, the dietary patterns
derived by TTwere somewhat reproducible(13), although it is
unlikely that studies in other populations will derive entirely
identical patterns due to differences in food availability and
cultural preferences.

Conclusion

We used TT to generate dietary patterns, of which three
explained 15·4 % of variation in energy-adjusted dietary
intake. Adherence to a Prudent pattern was inversely asso-
ciated with stroke, whereas adherence to aWestern pattern
was associated with a higher risk of stroke. We found no
association between a Wine & Snacks pattern and stroke
in women, but a weak inverse association in men.

The findings of this study support the general recom-
mendation for a healthy diet to prevent stroke as described
by the ASA. In future studies, it would be relevant to inves-
tigate the role of older age and changing dietary habits.

Also, it would be relevant to compare dietary patterns
generated with an outcome-dependent method with

Table 5 HR (95% CI) for associations between adherence to dietary patterns and risk of total stroke in women, truncated at 10 years of
follow-up

n 28 842 Q1

Q2 Q3 Q4 Q5

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Prudent
Model 1* 1 0·91 0·70, 1·19 0·92 0·71, 1·19 0·75 0·57, 0·97 0·74 0·57, 0·97
Model 2† 1 0·95 0·73, 1·24 1·00 0·77, 1·30 0·83 0·63, 1·09 0·82 0·62, 1·08

Western
Model 1* 1 1·23 0·97, 1·57 1·51 1·19, 1·91 1·50 1·16, 1·94 3·00 2·24, 4·01
Model 2† 1 1·12 0·88, 1·42 1·27 1·00, 1·61 1·12 0·86, 1·47 2·01 1·48, 2·72

Wine & Snacks
Model 1* 1 0·84 0·66, 1·06 0·94 0·74, 1·19 0·87 0·68, 1·12 0·92 0·71, 1·19
Model 2† 1 0·89 0·70, 1·13 1·04 0·82, 1·33 0·93 0·72, 1·20 0·92 0·71, 1·19

HR, hazard ratios.
*Model 1 is adjusted for age and total energy intake.
†Model 2 is further adjusted for education, smoking, alcohol (Prudent), physical activity, BMI, hypertension, hypercholesterolaemia and diabetes mellitus.
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current dietary recommendation to clarify the dietary
components that explain the most variation in health
outcomes.
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