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Abstract
The aim of this study was to derive dietary patterns associated with cardio-metabolic traits and to examine whether these predict prospective
changes in these traits and incidence of the metabolic syndrome (iMetS). Subjects from the Malmö Diet and Cancer Study cardiovascular
cohort without cardio-metabolic disease and related drug treatments at baseline (n 4071; aged 45–67 years, 40% men) were included. We
applied reduced rank regression on thirty-eight foods to derive patterns that explain variation in response variables measured at baseline
(waist circumference, TAG, HDL- and LDL-cholesterol, systolic and diastolic blood pressure, fasting glucose and insulin). Patterns were
examined in relation to change in cardio-metabolic traits and iMetS in subjects who were re-examined after 16·7 years (n 2704). Two dietary
patterns (‘Western’ and ‘Drinker’) were retained and explained 3·2% of the variation in response variables. The ‘Western’ dietary pattern was
inversely associated with HDL-cholesterol and positively with all other response variables (both at baseline and follow-up), but there was no
association with LDL at follow-up. After adjustment for potential confounders, the ‘Western’ dietary pattern was associated with higher risk of
iMetS (hazard ratio Q4 v. Q1: 1·47; 95% CI 1·23, 1·77; Ptrend= 1·5× 10 − 5). The ‘Drinker’ dietary pattern primarily explained variation in HDL
and was not associated with iMetS. In conclusion, this study supports current food-based dietary guidelines suggesting that a ‘Western’ dietary
pattern with high intakes of sugar-sweetened beverages and red and processed meats and low intakes of wine, cheese, vegetables and high-
fibre foods is associated with detrimental effects on cardio-metabolic health.
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Diet-related diseases such as CHD, stroke, type 2 diabetes
mellitus and some cancers are the leading causes of morbidity
and mortality worldwide. The role of diet in disease is probably
to work through a number of different mechanisms, and the
relative importance of specific foods and pathways is therefore
difficult to estimate(1). Dietary pattern analysis in observational
studies on disease outcomes is, to this end, increasingly used(2).
A single nutrient or food approach is hampered by the fact that
we eat combinations of foods, and that the context in which
nutrients are consumed – the ‘food matrix’ – may affect their
physiological effect(3,4). Further, in order to isolate the effect of
a single nutrient or food on disease risk, appropriate statistical
analysis often requires a long list of other nutrients or foods that
may confound the observed association. Statistical modelling in
such settings may result in biased or attenuated estimates owing
to multicollinearity and inclusion of several covariates with
notable measurement errors(5). Reduced rank regression (RRR)
has been suggested as an advantageous method for extracting

dietary patterns(6). RRR combines the exploratory aspect of the
commonly used principal component analysis with a priori
knowledge of specific biological pathways involved in disease
aetiology(7,8). Including information on proposed mediating
pathways/risk factors in the derivation of dietary patterns may
therefore provide valuable insight into the role of diet in the
development of disease. Cardio-metabolic traits, including the
components of the metabolic syndrome (MetS), are typically
important predictors for CHD and type 2 diabetes, but have also
been implicated in carcinogenesis(9,10). RRR has previously
been applied to identify dietary patterns associated with various
components of the MetS(11–17). These studies have in general
identified similar patterns or food groups of importance for
investigated outcomes. Both RRR-identified dietary patterns and
other data-driven approaches (such as principal components
analysis) indicate that overall unhealthy dietary patterns (often
denoted ‘Western’) are associated with worse cardio-metabolic
health(2,12,18). However, derivation of dietary patterns using RRR
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is usually based on cross-sectional data (i.e. with predictors and
responses measured at one point in time) without validation of
whether the derived patterns are associated with prospective
measurements of the response variables. The cross-sectional
nature of previous applications of RRR to derive dietary patterns
may result in reverse causation in that response variables might
have affected reported food habits. The aim of this study was
therefore to derive dietary patterns associated with cardio-
metabolic traits at baseline, and to further examine whether
these dietary patterns may predict prospective changes in
cardio-metabolic traits and the risk of developing the MetS.

Methods

Study population

The Malmö Diet and Cancer Study (MDCS) is a population-
based prospective cohort study in the South of Sweden, with
baseline examinations carried out between 1991 and 1996. The
cohort design and representability has been described in detail
previously(19,20). With a participation rate of approximately
40%, the MDCS cohort consists of 28 098 men and women with
complete data collection, including dietary assessment.
Between October 1991 and February 1994 of the baseline
examinations, every other participant was invited to join a sub-
study on CVD risk (MDC-cardiovascular arm (CVA); n 6103)(21).
All participants in the MDC-CVA donated fasting blood samples.
For the current study, we examined only participants of the
MDC-CVA with complete information on cardio-metabolic traits
and with exclusion of all subjects with a history of CVD (con-
firmed by local and national registries) and/or diabetes mellitus
(based on self-reported diabetes mellitus at baseline and/or use
of anti-diabetic drugs). Further, individuals reporting the use of
lipid-lowering drugs and/or anti-hypertensive treatment at
baseline were excluded. The final study population thus
included 4071 subjects (1619 men and 2452 women) with
complete data on diet and cardio-metabolic risk factors. In May
2007 to January 2012, all participants of the MDC-CVA who
were alive and still living in Sweden (n 4924) were invited to
attend a re-examination. Of the final study population, 2704
subjects attended the re-examination (online Supplementary
Fig. S1). The average follow-up time was 16·7 years (range
13·3–20·2). In accordance with the Declaration of Helsinki, the
MDCS was approved by Ethics Committee at Lund University
(LU 51–90), and informed written consent was obtained from all
participants.

Dietary assessment

The dietary assessment methodology used in the MDCS was a
modified diet history method combining three parts: (1) a 7-d
food record of all cooked meals, cold beverages and dietary
supplements and drugs; (2) a 168-item quantitative diet history
questionnaire covering regularly consumed foods over the past
year; and (3) a diet history interview where information from
the food record and diet questionnaire was checked for over-
lap(22). The validity and reproducibility of the method has been
published previously(23–25). The average energy-adjusted

Pearson’s correlation coefficients when using the same
method 1 year apart were 0·70 for men and 0·56 for women(25).
The energy-adjusted Pearson’s correlation coefficients for esti-
mated mean daily intake of food groups by the MDCS method
compared with an 18-d weighed food records were on average
0·59 (range 0·35–0·92) among men and 0·64 (range 0·24–0·92)
among women(23). A total of thirty-eight foods or food groups
were included in analyses (see online Supplementary Table S1
for the full list of foods). Food grouping was based primarily on
origin/type, nutrient profiles and consumption reported within
the cohort (i.e. food items with a high number of zero con-
sumers were collapsed with similar food items).

Cardio-metabolic traits: baseline and follow-up
measurements

The following cardio-metabolic traits were examined in this
study: waist circumference (WC; cm), serum TAG (mmol/l),
HDL-cholesterol (mmol/l), LDL-cholesterol (mmol/l), systolic
(SBP) and diastolic (DBP) blood pressure (mmHg), fasting
glucose (FG; mmol/l) and fasting insulin (FI; mIU/l). At both
baseline and follow-up, trained nurses measured WC (midway
between the lowest rib margin and iliac crest), and blood
pressure was measured using a mercury-column sphygmo-
manometer after 10min of supine rest. All blood samples were
donated at baseline after an overnight fast (approximately
6 months after diet history assessment) and stored at −80°C. FG,
FI, HDL and TAG were measured at the Department of Clinical
Chemistry, Skåne University Hospital in Malmö, which is
attached to a national standardisation system. LDL was esti-
mated using Friedewald’s formula. FG at baseline was mea-
sured in whole blood by a hexokinase-glucose-6-phosphate
dehydrogenase method(21). At follow-up, fasting plasma glu-
cose was measured using Hemocue (HemoCue)(26). For com-
parison of FG between baseline and follow-up, a constant
factor of 1·11 was used to convert concentration in whole
blood to the equivalent concentration in plasma(27). At the
re-examination, 26 and 37% of the study population reported
the use of lipid-lowering drugs and anti-hypertensive treatment,
respectively. Cardio-metabolic traits were therefore adjusted to
account for the effect of these drugs. Blood pressure was
adjusted by adding a correction constant to the blood pressure
of those reporting any blood-pressure-lowering medication
(SBP +15mmHg; DBP +10mmHg)(28). Correction constants
proposed by Wu et al. (29) were used to correct TG, HDL and
LDL according to the use of different types of lipid-lowering
medications. For HMG-CoA reductase inhibitors (statins), the
most commonly used drug in this population, correction con-
stants were +0·208 for TAG, −0·060 for HDL and +1·290 for LDL.

Ascertainment of the metabolic syndrome

The MetS was defined according to the National Cholesterol
Education Program – Adult Treatment Panel III definition
as the presence of at least three out of the five following criteria:
(1) central obesity (WC> 88 cm for women and >102 for men);
(2) elevated TAG concentration (≥1·7mmol/l) and/or
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treatment; (3) reduced HDL-cholesterol (<1·30mmol/l in men,
and <1·29mmol/l in women); (4) high blood pressure (≥130/
85mmHg) and/or anti-hypertensive treatment; and (5) raised
FG (≥5·6mmol/l) and/or physician-diagnosed diabetes
mellitus(30). At baseline, 683 individuals (370 of whom partici-
pated in the re-examination) were categorised as having the
MetS. After exclusion of prevalent cases, there were 1131 cases
of incident MetS (iMetS) among 2368 subjects who participated
in the re-examination.

Lifestyle and other variables

Age and sex were determined based on the subjects’ individual
Swedish personal identification number. Standing height and
weight were measured in light indoor clothing and without
shoes. Information on lifestyle, socio-economic factors and
disease history was retrieved from the extensive baseline
questionnaire(31). Total physical activity level was estimated
based on subjects’ reported leisure-time, domestic and work
physical activity(32), and ranked into sex-specific tertiles.
Smoking status was classified as current (including irregular
smoking), former and never smoking. Educational level was
categorised on the basis of the level of attained education
including elementary, junior high school, high school, con-
tinued education or university/college degree. Past food habit
change was classified as yes/no based on the questionnaire
item ‘Have you substantially changed your food habits in the
past due to illness or other reason?’(33). Subjects were classified
as energy misreporters if they had a ratio of energy intake to
BMR outside the 95% CI limits of the calculated physical activity
level(34).

Statistical analysis

RRR for deriving dietary patterns has been described in detail
previously(11,35). RRR was implemented using the PLS proce-
dure in SAS version 9.1 for Windows (SAS Institute). All pre-
dictor variables (foods or food groups) were ln-transformed and
adjusted for total energy intake (ln-transformed), age and sex in
a linear regression model. All response variables (cardio-meta-
bolic traits) were ln-transformed and adjusted for age and sex.
To identify the optimal number of factors to retain for further
analysis, random sample cross-validation and van der Voet’s
test were applied(36). Pearson’s correlation coefficients between
the dietary pattern scores and the predictor and response
variables were computed. Further, the correlation coefficients
between the individual predictor variables with highest absolute
factor loadings (top twelve food items) and the response vari-
ables were computed. Differences in baseline characteristics by
quartiles of the dietary patterns were examined using ANOVA
(continuous variables) and chi-square tests (categorical vari-
ables). The age- and sex-adjusted mean values of the response
variables at baseline and at follow-up were computed by
quartiles of dietary patterns, and the associations between
dietary patterns and response variables were examined using a
linear regression model adjusting for age and sex. Among
subjects with both baseline and follow-up data (n 2704), we
calculated the % change (Δ) in cardio-metabolic traits

((corrected follow-up value −baseline value)/baseline value×
100) and examined the differences across quartiles of dietary
patterns with adjustment for age, sex and baseline cardio-
metabolic traits (ln-transformed). Among individuals without
the MetS at baseline, we estimated hazard ratios (HR) and 95%
CI for iMetS using Cox proportional hazards regression with
adjustment for putative confounders identified from the litera-
ture. The Schoenfeld residuals were used to test for deviations
from the proportional hazards assumption (none noted). The
multivariable model included adjustment for age, sex, total
energy intake, height, smoking status, educational level, total
physical activity level and co-habiting status. Effect modification
by the included variables was tested by including the cross-
products in the model one by one. No effect modification was
detected (all P> 0·10). Non-linear associations were assessed
by fitting restricted cubic splines and tested using the likelihood
ratio test. To further examine the robustness of the dietary
patterns, we carried out several sensitivity analyses. We strati-
fied the derivation of dietary patterns by sex owing to differ-
ences in relative validity of food intakes between men and
women and because food habits are known to differ between
the sexes. To investigate the effect of energy misreporting and
unstable food habits, we also derived dietary patterns after
excluding subjects classified as under-reporters or over-
reporters of energy intake and those reporting substantial
food habit changes in the past. These analyses did not materi-
ally alter the results (data not shown), and therefore the pre-
sented results are for men and women combined and without
the earlier-mentioned exclusions. Extraction of dietary patterns
using unadjusted predictor and response variables was carried
out in order to compare the explained variation in the main
analysis with that of the unadjusted analysis. As alcohol may
have distinct effects on disease risk, we carried out a post hoc
analysis excluding alcohol (beer, wine, spirits) in the RRR pro-
cedure. Not all subjects participated in the re-examination,
which may result in selection bias. We therefore also extracted
dietary patterns using only subjects with complete follow-up
(n 2704). Finally, we examined the use of RRR in deriving
dietary patterns explaining variation in response variables
measured at the re-examination and compared them with those
derived using response variables measured at baseline.

Stata/SE version 14.2 for Mac (StataCorp) was used for all
analyses apart from the RRR procedure in SAS. All tests were
two-sided, and P values <0·05 were considered statistically
significant. The original MDCS power calculation for examining
dietary hypotheses in relation to disease outcomes reported that
sufficient statistical power (i.e. 80% and α= 0·05) to observe a
risk gradient of 1·00–1·79 over quintiles of nutrient intake (given
a relative validity coefficient of the dietary variable of 0·6 and a
true risk gradient of 1·00–3·00) was achieved with 283 cases
(assuming three controls per case).

Results

Two derived dietary patterns were retained, and these explained
3·2% of the variation in responses and 7·9% of the variation in
predictors (Table 1). Notably, the extracted dietary patterns
explained little variation in SBP, DBP and LDL-cholesterol.
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Additional factors were not examined further as they did not
significantly add to explaining the variation in the specified
response variables.

Description of the derived dietary patterns and associated
characteristics

Food item factor loadings for the derived dietary patterns are
shown in Fig. 1 and 2, respectively. On the basis of factor
loadings, the dietary patterns were labelled as ‘Western’ and
‘Drinker’ dietary patterns. Pearson’s correlation coefficients
between the dietary patterns, food items with highest absolute

factor loadings and response variables are shown in the online
Supplementary Tables S2 and S3. The ‘Western’ dietary pattern
was positively correlated with intakes of sugar-sweetened
beverages, milk (reduced fat), artificially sweetened beve-
rages, red and processed meat and sweets. This pattern was
negatively correlated with intakes of wine, beer, cream, cheese,
tea and vegetables (online Supplementary Table S2). Further,
this pattern was negatively correlated with HDL but positively
with all other response variables. The ‘Drinker’ dietary pattern
explained much less of the variation in response variables,
except for HDL-cholesterol (Table 1). This pattern loaded
strongly on all types of alcoholic beverages. It was also posi-
tively correlated with red and processed meat, fish and shellfish
and eggs, and negatively correlated with sugar, cakes and
biscuits and marmalade. The ‘Drinker’ dietary pattern was
positively correlated with WC, HDL, SBP, DBP and FG (online
Supplementary Table S3).

Table 2 shows the baseline characteristics of the study
population by quartiles of the two dietary patterns. Subjects in
the highest quartile of the ‘Western’ dietary pattern were more
likely to be current smokers, have higher total physical activity
and lower educational level. The ‘Drinker’ dietary pattern was
associated with current smoking, lower physical activity level
and higher educational level (Table 2).

Dietary patterns, change in cardio-metabolic traits and
incidence of the metabolic syndrome

The age- and sex-adjusted means of cardio-metabolic traits at
baseline and after 16 years of follow-up, as well as the %Δ
(for subjects with both baseline and follow-up measurements)
by quartiles of the dietary patterns, are shown in the online
Supplementary Tables S4 and S5. The ‘Western’ dietary pattern
was significantly associated with all cardio-metabolic traits at

Table 1. Explained variation in response variables using reduced rank
regression to extract dietary patterns in the Malmö Diet and Cancer
Study (n 4071)*

Dietary pattern

Response variables
‘Western’
(factor 1)

‘Drinker’
(factor 2)† Total‡

Waist circumference 5·2 0·5 5·7
TAG 3·3 0·0 3·3
HDL-cholesterol 4·4 3·2 7·6
LDL-cholesterol 0·3 0·0 0·3
Systolic blood pressure 0·8 0·7 1·5
Diastolic blood

pressure
0·8 0·3 1·1

Fasting glucose 1·7 1·1 2·8
Fasting insulin 3·3 0·0 3·3
Total§ 2·5 0·7 3·2

* All eight factors explained 4·0% of variation in response variables; that is the
disregarded six factors explained an additional 0·8% of variation in response
variables. The two first factors explained 7·9% of variation in predictor variables
(26·4% explained by all eight factors).

† Variation explained in addition to factor 1.
‡ Total variation of each respective response variable explained by the first two

factors jointly.
§ Total variation explained in all response variables considered simultaneously by the

first two factors, separately and jointly.
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0.12

0.15
0.19
0.2

0.24
0.33
0.33

Wine
Beer

Cream
Cheese

Tea
Vegetables

High-fibre bread
Marmelade

Cereals (added sugar)
Butter

Fish and shellfish
Fermented milk
Rice and pasta

Spirits
Fruit juices

Cakes and biscuits
Fruit and berries
Low-fibre bread

Dressings
Nuts and snacks
Cereals (natural)

Industrial powders
Cooking oils

Sugar
Poultry
Coffee

Fried and deep-fried potatoes
Milk (full fat)

Eggs
Margarines

Icecream
Potatoes

Sweets
Processed meats

Red meat
Artifically sweetened beverages

Milk (reduced fat)
Sugar-sweetened beverages

Fig. 1. Food item factor loadings for the ‘Western’ dietary pattern (factor 1) derived using reduced rank regression in the Malmö Diet and Cancer Study (n 4071).
, Factor loadings.

Dietary patterns and cardio-metabolic traits 1171

https://doi.org/10.1017/S000711451800079X  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S000711451800079X


baseline (inverse association with HDL-cholesterol) and, with
the exception of LDL, all associations remained for traits mea-
sured after 16·7 years of follow-up (all P< 0·0001). Notably, this

pattern associated significantly with change over time for all the
cardio-metabolic traits, except for LDL and SBP (online Sup-
plementary Table S4). The ‘Drinker’ dietary pattern showed
consistent associations with baseline and follow-up measure-
ments of WC, HDL, SBP, DSP and FG (online Supplementary
Table S5). This pattern was not associated with LDL-cholesterol
or FI, neither at baseline nor at follow-up. After adjustment for
confounders, the HR for iMetS among subjects in the highest
quartile of the ‘Western’ dietary pattern compared with the
lowest quartile was 1·47 (95% CI 1·23, 1·77; Ptrend= 1·5× 10 − 5).
The ‘Drinker’ dietary pattern was not associated with iMetS
(Table 3).

Sensitivity analyses

Using unadjusted predictor and response variables, fairly similar
dietary patterns were derived (data not shown); however, the
explained variation in response variables was substantially
higher (i.e. 5·2% explained by the first two factors). When
alcoholic beverages were excluded from the analysis, only one
factor contributed significantly to explaining variation in
responses and was retained for further analysis (online Sup-
plementary Fig. S2). Food items had similar factor loadings
compared with the ‘Western’ dietary pattern derived in the main
analysis. This pattern was also significantly associated with
iMetS after adjustment for alcohol consumption and other
confounders (Q4 v. Q1: OR= 1·45; 95% CI 1·22, 1·73; Ptrend=
7·2× 10 −5; data not tabulated). In subjects attending the
re-examination, derived dietary patterns were very similar to
those derived in the full study population (data not shown).
Using follow-up measurements as response variables, one
dietary pattern significantly contributed to explaining variation
in cardio-metabolic traits (online Supplementary Fig. S3). This
pattern was positively correlated with high intakes of red and
processed meats, spirits, sugar-sweetened beverages and

–0.3
–0.29

–0.17
–0.16

–0.14
–0.13

–0.1
–0.08

–0.06
–0.05
–0.04
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–0.03
–0.02
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–0.01
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0.001
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0.02
0.02
0.03

0.05
0.06

0.08
0.09
0.09
0.09

0.13
0.14
0.14

0.16
0.21
0.22

0.25
0.28

0.38
0.46

Sugar
Cakes and biscuits

Marmelade
Tea

Cereals (added sugar)
Low-fibre bread

Cereals (natural)
Sweets

Milk (full fat)
Sugar-sweetened beverages

Margarines
Fruit and berries
Fermented milk
Rice and pasta

Cream
Cooking oils

Fruit juices
Industrial powders

Vegetables
Potatoes

High-fibre bread
Icecream

Butter
Milk (reduced fat)

Poultry
Cheese

Dressings
Artifically sweetened beverages

Coffee
Fried and deep-fried potatoes

Nuts and snacks
Eggs

Red meat
Fish and shellfish
Processed meats

Beer
Spirits
Wine

Fig. 2. Food item factor loadings for the ‘Drinker’ dietary pattern (factor 2) derived using reduced rank regression in the Malmö Diet and Cancer Study (n 4071).
, Factor loadings.

Table 2. Baseline characteristics of men and women in the Malmö
Diet and Cancer Study 1991–1996 (n 4017) by quartiles of dietary
pattern scores
(Mean values and standard deviations; percentages)

Quartile
1

Quartile
2

Quartile
3

Quartile
4 P *

‘Western’ dietary
pattern
Number of subjects 0·64
Age (years)
Mean 57·0 57·1 57·3 57·1
SD 5·8 6·0 6·0 6·0

Prevalent MetS (%) 10·2 12·4 19·1 25·5 <0·0001
Male sex (%) 40·6 37·9 39·5 41·1 0·47
Current smoking

(%)
23·7 26·5 27·5 32·9 <0·0001

Low physical
activity level (%)

48·1 44·7 38·6 41·0 <0·0001

University/college
degree (%)

17·4 14·8 9·5 7·8 <0·0001

Living alone (%) 23·2 21·8 22·6 25·1 0·35
‘Drinker’ dietary
pattern
Number of subjects
Age (years) 0·89
Mean 56·8 57·6 57·3 56·9
SD 5·9 6·0 6·0 5·8

Prevalent MetS (%) 17·7 16·6 16·8 16·0 0·79
Male sex (%) 40·9 39·3 35·8 43·2 0·006
Current smoking

(%)
25·9 27·1 26·8 30·8 <0·0001

Low physical
activity level (%)

40·6 41·6 41·6 48·7 0·001

University/college
degree (%)

12·4 10·5 13·4 13·2 <0·0001

Living alone (%) 26·9 22·5 21·7 21·6 0·012

MetS, metabolic syndrome.
* P for linear trend across quartiles of scores (age) and Pearson’s χ2 test for

categorical variables.
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fried/deep-fried potatoes, and low intakes of fruit and berries,
and fermented milk. Positive associations with WC, TAG, SBP,
DBP, FG and FI and an inverse association with HDL were
observed, but there was no association with LDL-cholesterol
(online Supplementary Table S6).

Discussion

Main findings

In this study, we identified a ‘Western’ dietary pattern
characterised by high consumption of sugar-sweetened and
artificially sweetened beverages, low-fat milk, red and pro-
cessed meat and sweets, and lower consumption of beer, wine,
cream, cheese, tea and vegetables, which was consistently
associated with adverse effects on cardio-metabolic traits at
baseline and at follow-up after approximately 16 years.
A ‘Drinker’ dietary pattern defined primarily by high intakes of
alcoholic beverages and a positive association with
HDL-cholesterol was not prospectively associated with the risk
of developing the MetS.

Strengths and limitations

The main strengths of this study include the prospective cohort
design, the access to high-relative validity dietary data and the
direct measurements of response variables using standardised
procedures at two time points. Dietary pattern analysis is an
attractive and complementary approach in nutritional epide-
miology, but several methodological issues remain, including the
use of self-reported dietary data measured with error. If there are
correlated measurement errors, this may affect the extracted
dietary patterns as error correlation may increase the likelihood
that food/nutrients are found in the same pattern(8). The use of
dietary data with high-relative validity in our study, which
combined two different parts (i.e. diet history questionnaire and
diet record), is likely to reduce the chance that the resulting
dietary patterns would be explained by correlated measurement

errors. Limitations of this study include potentially poor external
validity of the findings, as the results suggesting an association
between the ‘Western’ dietary pattern and iMetS are based on
subjects who were alive and healthy enough to attend the
re-examination after 16 years. However, this selection will
probably result in smaller range in dietary exposures and an
attenuation of observed associations. During follow-up, a large
proportion of participants reported the use of lipid-lowering and
anti-hypertensive drugs. Constants were added to account for the
effect of these drugs on the respective traits. Excluding subjects
using drugs or including a dummy variable could have intro-
duced additional selection bias, as well as might not have been
able to appropriately account for the effects on measured
traits(28). It should also be noted that a substantial part of the
study population was deceased at the re-examination (approxi-
mately 1/6 of the original MDC-CVA), which may have intro-
duced a survivor bias that is likely to attenuate associations seen
with cardio-metabolic traits at follow-up(26). Although the
extracted patterns were still significantly associated with %Δ in
most traits, these associations were in general not as strong as
those for the patterns in relation to baseline values.

As diet is so strongly related to a wide range of lifestyle-related
factors, we further cannot exclude residual confounding as a
potential explanation for the observed associations. In addition,
using food groups typically entails subjective grouping of foods
that may affect the extracted dietary patterns(37,38). Although we
aimed to retain as much information as possible and limit food
grouping, there is a possibility that some food groups load high
or low on extracted dietary patterns owing to only some of the
included foods of a specific group.

Comparison with previous studies and interpretation
of findings

The identified ‘Western’ dietary pattern is similar to previously
identified ‘Western’ dietary patterns derived using different data-
driven methods(2,12,18). This type of dietary pattern has been

Table 3. Incident metabolic syndrome (iMetS) among men and women without the metabolic syndrome at baseline (1991–1994) by quartiles of two dietary
patterns obtained by reduced rank regression in the Malmö Diet and Cancer Study (n 2368)*
(Hazard ratios (HR) and 95% confidence intervals)

Quartiles (Q) of dietary pattern

Q1 Q2 Q3 Q4

Dietary patterns HR 95% CI HR 95% CI HR 95% CI HR 95% CI Ptrend† Pnon-linearity‡

‘Western’
Number of subjects/cases 663/268 649/309 577/300 479/254
Model 1 1·00 Ref. 1·18 1·00, 1·39 1·26 1·07, 1·49 1·48 1·25, 1·76 7·0× 10−6 0·82
Model 2 1·00 Ref. 1·14 0·97, 1·35 1·26 1·06, 1·50 1·47 1·23, 1·77 1·5× 10−5 0·86

‘Drinker’
Number of subjects/cases 570/269 599/290 605/275 594/297
Model 1 1·00 Ref. 0·98 0·83, 1·16 0·94 0·79, 1·11 0·98 0·83, 1·16 0·71 0·60
Model 2 1·00 Ref. 1·01 0·85, 1·20 0·95 0·80, 1·13 1·00 0·85, 1·19 0·88 0·44

Ref., referent values.
* HR and 95% CI estimated using a Cox proportional hazards model with follow-up time (years) as the time scale. Model 1 adjusted for age, sex and total energy intake. Model 2

adjusted for age, sex, total energy intake, height, smoking status, educational level, total physical activity level and co-habiting status.
† Linear trend across quartiles of pattern scores.
‡ Pnon-linearity tested using the likelihood ratio test comparing models with and without a fitted restricted cubic spline for the association between pattern scores and iMetS.
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linked to increased risk of cardio-metabolic diseases, and to
colon cancer(2). Although definitions vary, such patterns are
often characterised by high consumption of soft drinks, red and
processed meat and refined cereals, with concurrently low
intakes of fish and shellfish, fruit and vegetables and whole
grain (2). The amount of explained variation in cardio-metabolic
traits by the extracted patterns in our study was modest (i.e. 3·2%
by the two main factors). However, the true variation explained
may be attenuated by dietary measurement errors. In previous
studies using similar response variables (i.e. including at least
one of the studied cardio-metabolic traits), the explained varia-
tion by the first extracted factor ranged between 2·8 and
7·8%(11–17). The between-study differences may be attributed to
the selection of both predictors and responses. Another plausible
explanation is that we opted to adjust both predictor and
response variables for age and sex in order to avoid derivation of
patterns that are reflected by age- and sex-specific differences in
dietary habits. Indeed, without adjustment for these factors, the
explained variation by the first two factors was 5·2%. This sug-
gests that using unadjusted predictor and response variables in
RRR may overestimate the variation explained by predictor
variables. The ‘Western’ dietary pattern extracted in our study is
consistent with previous observations in this cohort linking high
intakes of red and processed meats, and high intake of low-fat
dairy to increased risk of type 2 diabetes(39,40). High consump-
tion of cream and cheese has also been linked to a lower risk of
type 2 diabetes in this cohort(39). On the basis of our findings,
some high-fat dairy products could be part of an overall healthy
dietary pattern. However, the use of low-fat milk may be a
marker of attempts at weight loss, as suggested by the reduced
factor loading for low-fat milk when using predictors measured
at follow-up. Sugar-sweetened beverages have consistently been
linked to increased risk of cardio-metabolic diseases(41). Not all
studies using data-driven methods to derive dietary patterns have
included alcoholic beverages. The main reason is often depen-
dent on the disease outcome; if alcohol is an established risk
factor, it is preferably treated as a confounding factor in sub-
sequent analysis. In our study, the second dietary pattern
(Drinker) loaded high on alcoholic beverages, but the ‘Western’
dietary pattern was also defined by low consumption of beer and
wine. The ‘Drinker’ dietary pattern seemed to add mostly to
explaining additional variation in HDL-cholesterol. It is well
established that alcohol consumption increases HDL-cholesterol
and that moderate consumption associates with lower risk of
CVD(42). However, it is important to note that participants of
cohort studies are usually more health conscious and generally
do not include the sub-group of the population with heavy
alcohol consumption, and thus the ‘Drinker’ dietary pattern, as
well as ‘high’ intake of alcohol consumption associated with the
‘Western’ dietary pattern, is likely to reflect only moderate con-
sumption levels. Apart from alcohol, the ‘Drinker’ dietary pattern
was defined by low sugar consumption (potentially beneficial)
and high meat consumption (potentially detrimental), which
might explain the null association with iMetS. Post hoc analyses
excluding alcoholic beverages resulted in a dietary pattern
similar to the ‘Western’ dietary pattern in relation to food items
other than alcoholic beverages and was associated with iMetS
after adjustment for potential confounders. Validating the

association between RRR-derived dietary patterns with response
variables over time may strengthen conclusions regarding the
mediating effects of the selected responses on disease outcomes,
and exclude reverse causation (i.e. that responses affect pre-
dictors) as a driver of the extracted patterns. Our results suggest
that dietary patterns derived using predictors and responses
measured at baseline also associate with response variables over
time. Using cardio-metabolic traits measured at follow-up as
response variables also identified a ‘Western’ dietary pattern
similar to that derived in the main analysis. This pattern was
characterised by high intakes of red and processed meats, spirits,
sugar-sweetened beverages and fried and deep-fried potatoes,
but low intakes of fruit and berries, and fermented milk. The
major difference between this pattern and the ‘Western’ dietary
pattern derived in the main analysis was the lower positive factor
loadings for artificially sweetened beverages and low-fat milk.
This suggest that these food items may not have a strong effect
on cardio-metabolic factors but may be reflective of dietary
choices aimed at (e.g.) reducing body weight. Applying RRR with
prospectively assessed response variables may thus reduce the
effect of reverse causation and strengthen the results of dietary
pattern studies. The identified ‘Western’ dietary pattern found to
associate with an increased risk of iMetS may exert its adverse
effects via a number of putative biological pathways. On the
basis of the degree of explained variation in the specific
response variables, the link between this type of dietary pattern
and WC (i.e. increased weight gain and central adiposity) may be
the most important pathway whereby the ‘Western’ dietary pat-
tern (defined partly by high consumption of sugar-sweetened
beverages) may affect overall cardio-metabolic health.

Conclusions

Comparable dietary patterns associated with cardio-metabolic
traits were derived using both a cross-sectional and longitudinal
study design. The most consistent finding was an association
between a ‘Western’ dietary pattern with adverse effects on
cardio-metabolic health. Overall, the explained variation in
cardio-metabolic traits by diet was modest, suggesting that other
factors may be more important for the prevention of the MetS
and related diseases. However, this study does highlight the
strength of dietary pattern approaches to examine the
association between diet and intermediate markers of disease
as dietary patterns can be more easily adopted to food-based
dietary guidelines. Results of this study support the current
dietary guidelines, suggesting to, for example, limit consumption
of sugar-sweetened beverages, red and processed meat and
sweets, and increasing the consumption of fruit and vegetables.
Findings from this study also suggest that RRR may be more
appropriately applied using longitudinally measured response
variables in order to limit the possibility of reverse causation.
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