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New approaches to the study of dietary patterns

The relationship between diet and health can be examined at the
level of food components, foods and dietary patterns. Until
recently, the study of food components, particularly nutrients,
has been the dominant approach in nutritional epidemiology.
This approach has clear advantages. If the development of a dis-
ease is causally related to the intake of a food component, the
examination of that food component will be the approach with
the greatest power to identify its effect. In addition, results for
food components can be compared with associations observed
in other populations, data from mechanistic studies and health
effects found in intervention studies (Willett & Buzzard, 1998).
Knowledge on the level of food components can then be used
to produce foods with higher or lower levels of the component.
For example, reduction of the amount of frans-fatty acids in mar-
garines has probably resulted in substantial health benefits for
populations (Oomen et al. 2001). However, the effect of a food
component can differ depending on the food that it is derived
from due to interactions between food components or physical
characteristics of foods. For example, folate from beer may pro-
vide less health benefits than the same amount of folate from
bread, because alcohol reduces intestinal folate uptake, interferes
with folate metabolism and increases urinary loss of folate (Jiang
et al. 2003). Effects of food consumption on disease risk can be
different from predictions based on known effects of food com-
ponents, because our knowledge on the myriad possible ben-
eficial or detrimental aspects of foods (Jacobs & Murtaugh,
2000) is still limited. The study of foods and food groups
accounts for interactions between different components of a
food, and for effects of physical characteristics and unknown
components.

In addition to different components of a food, synergy or antag-
onism may also exist for components of different foods and drinks
that are included in the dietary pattern of an individual. As a
result, health effects of dietary patterns may be greater than for
individual foods or nutrients. Results from the Dietary
Approaches to Stop Hypertension (DASH) intervention study
illustrate the importance of considering dietary patterns (Appel
et al. 1997). The DASH diet, a diet characterized by high con-
sumption of vegetables, fruits, low-fat dairy products and whole
grains, resulted in a greater reduction in blood pressure than
had been found for individual minerals in these foods. Another
advantage of the study of dietary patterns in epidemiological
studies is that potential dietary confounders are largely incorpor-
ated in the dietary pattern variable.

Different methods have been used to study dietary patterns in
epidemiological studies. Two main approaches can be distin-
guished. First, an exploratory approach can be used that ident-
ifies combinations of foods and drinks as they are consumed in
reality in a particular population. Principal components analysis

is a frequently used exploratory approach to identify dietary
patterns (Hu et al. 2000). This data reduction technique con-
structs new variables that are linear combinations of the original
variables and explain as much of the variation in the original
variables as possible. Applied to dietary data, new dietary pattern
variables are derived on the basis of the correlation matrix of the
original food variables. The use of principal components analysis
to derive dietary pattern variables requires several arbitrary
choices such as the original variables to include and the
number of dietary patterns to identify (Martinez et al. 1998).
This underlines the importance of conducting sensitivity analyses
to examine the robustness of the findings (Hu et al. 2000). Diet-
ary patterns identified by the explanatory approach reflect dietary
behaviour and are not based on known health effects of diet. As
a result, the identified dietary patterns are not necessarily rel-
evant for disease risk. However, results can increase insight
into possibilities for dietary changes and can provide information
for setting priorities for changing dietary patterns in a population
by public health initiatives. Second, a hypothesis-oriented
approach that uses predefined criteria to construct dietary pattern
scores can be used. These scores reflect the degree to which a
person’s diet conforms to a dietary pattern that was defined a
priori based on presumed health effects. Scores based on dietary
recommendations (McCullough et al. 2002) and characteristics
of the traditional Mediterranean diet (Trichopoulou et al. 2003)
have been used. Deciding what individual components to
include, the cut-off points and the weights of different com-
ponents of an a priori score still requires subjective choices.
This approach does not have the advantages related to studying
existing dietary behaviour or to the identification of new dietary
patterns that may affect disease risk. However, the approach can
capture the greater effects of the overall diet as compared with
individual components, and can be used to test the validity of
dietary recommendations.

Hoffmann and colleagues have introduced a new method in
nutritional epidemiology that combines characteristics of the
explanatory and hypothesis-oriented approaches to dietary pat-
terns (Hoffmann er al. 2004a). This reduced rank regression
(RRR) method has similarities with principal components anal-
ysis, but it uses a set of response variables in addition to a set of
food intake variables. The identified dietary patterns are linear
combinations of the original food intake variables that maximally
explain variation in the response variables (Hoffmann et al.
2004a). A priori knowledge is introduced by using a set of
response variables that is known to predict the disease of interest.
In a paper in this issue of BJN, Hoffmann ez al. (2005) have used
macronutrient intakes as response variables, resulting in dietary
pattern variables that are linear combinations of the original
food variables and maximally explain variation in macronutrient
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intakes. The identified dietary pattern was characterized by higher
intakes of meats, poultry, butter, sauces and eggs, and lower
intakes of bread and fruit, and was associated with a higher risk
of premature mortality. Although the approach used invites
interpretation of this association in terms of macronutrients only,
other characteristics of the identified dietary pattern may still
have contributed to the observed association. For the RRR
method, the number of dietary patterns that can be identified is
limited by the number of response variables. However, arbitrary
decisions such as the choice of original food intake variables
remain necessary, and sensitivity analyses should be conducted.
An alternative approach that is of potential interest is the use of
biomarkers of dietary intake that are relevant for the disease of
interest as response variables. This application would identify
combinations of foods that maximally explain variation in bio-
markers of dietary intake, avoiding measurement error related to
food composition data or to lack of information on bioavailability
for different combinations of foods.

In a case—control study of coronary heart disease, Hoffmann
and colleagues used biomarkers of disease as response variables
in the RRR analysis (Hoffmann et al. 2004b). A dietary pattern
characterized by higher intakes of meat, margarine, poultry and
sauce, and lower intakes of vegetarian dishes, wine, vegetables
and whole grains, maximally explained variation in the five
selected biomarkers of CVD (HDL-cholesterol, LDL-cholesterol,
lipoprotein(a), C-peptide and C-reactive protein concentrations).
The identified dietary pattern was strongly associated with
CHD. The use of biomarkers of disease as response variables is
of interest because it may aid the pathophysiological interpret-
ation of observed associations between dietary patterns and dis-
ease. However, the explorative nature of the approach should be
kept in mind: in the theoretical situation where the biomarkers
used perfectly predict the disease, the method simply identifies
the combination of food variables that is most highly correlated
with the disease in the study population. Thus, an important con-
sideration is whether findings can be confirmed in diverse popu-
lations. After randomly splitting the sample in half, dietary
pattern variables identified in the two sub-populations remained
associated with CHD in the other sub-population, but the associ-
ations were much weaker (Hoffmann et al. 2004b).

The RRR method may prove to be a useful tool in nutritional
epidemiology, because it can provide insight into the pathophysio-
logical pathway that links dietary patterns to disease. Use of the
same set of response variables in different study populations may
facilitate the comparison of results from diverse populations. In
addition, confirmation of results for RRR or principal components
analyses in other populations can be performed by calculating a
dietary pattern score using the same weights and food variables
or by using a simplified dietary pattern score (Schulze et al.
2003a). An application of dietary pattern analyses is to obtain
insight into intercorrelations between dietary variables and the
potential for confounding. In addition, adjustment for dietary pat-
tern scores may be an efficient method to address confounding by
other dietary variables in studies of individual foods and food com-
ponents (Schulze et al. 2003b). The combination of analyses of
food components, foods and dietary patterns is likely to provide
most insight into the relationship between diet and disease risk.
The methodology to study dietary patterns is still developing and

future studies will further clarify what methods will be most
useful for addressing confounding, formulating new hypotheses
on the link between diet and disease, and providing information
for public health interventions.
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