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The rapid increase in the prevalence of obesity and asso-
ciated co-morbidities is a major global health problem.
In Europe obesity directly consumes about 5% of total
health care budgets. Of greater societal concern is the
rapid increase in childhood obesity afflicting all Euro-
pean countries. Recognising the urgency of the obesity
problem, the European Council of Ministers called for
action in 2002. Although obesity is in principle a simple
problem of energy imbalance, there remain questions
relating to identifying and delivering the most effective
individual guidance and tools for preventing weight
gain. Whilst there is considerable genetic variance in
individual susceptibility to obesity, the current obesity
epidemic is significantly influenced by adverse lifestyle
factors. Given our general genetic background, it
appears very difficult for humans to self-regulate food
intake under current environmental circumstances. This
worrying trend has challenged the scientific community
to expand its research efforts using a wide variety of
innovative approaches.

 

The DiOGenes project

 

DiOGenes is the acronym for a five-year research
project, starting in January 2005, which will address
some of the key issues linking Diet, Obesity and Genes.
It involves a consortium of 30 partners from 15 Euro-
pean countries, including 23 research institutions, four
SMEs (small and medium-sized enterprises) and three
multinational food companies. The project is funded
under the Food Quality and Safety Priority of the Sixth
Framework Programme for Research and Technological
Development of the European Union. It is coordinated

by the nutrition research institute NUTRIM, University
of Maastricht, The Netherlands.

DiOGenes is an integrated programme aimed at iden-
tifying key dietary, psychological, lifestyle and genetic
factors, as well as bio-markers, which will provide a sci-
entific basis for predicting whether a subject will keep a
healthy weight or not. The project’s ultimate goal is to
use the new knowledge generated to stimulate innova-
tion in both foods and dietary advice to help minimise
the risks of overweight and obesity among European
consumers.

 

Overview of evidence linking diet, genetics, 
behaviour and weight development

 

Dietary factors

 

A reduction in dietary fat content under 

 

ad libitum

 

 con-
ditions produces a modest but clinically important
weight loss in 6 months of active intervention, but it is
clear that the non-fat component of the diet is also crit-
ically important (Saris 

 

et al

 

. 2000).
The glycaemic index (GI) of carbohydrates affects

cardiovascular risk factors and glycaemic control in dia-
betics, and may play a role in appetite control (Pawlak

 

et al

 

. 2002). A number of studies suggest that replacing
high GI foods with similar low GI foods can reduce pas-
sive over consumption of energy or lead to a greater loss
of fat compared with lean body tissue during dieting
(Pawlak 

 

et al

 

. 2002; Willet 2002). The literature, how-
ever, is inconclusive. One of the major issues is whether
it really is the glycaemic response to these foods that is
important, or other characteristics of low GI foods,
which tend to be higher in fibre and protein, and lower
in sugars and energy density. Many studies suffer from
lack of good dietary control, poor measures of dietary
compliance, a lack of statistical power to detect weight
changes of clinical relevance, or feeding of single sugars
as opposed to real multi-ingredient foods. A further
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problem is the reproducibility of the measurement of GI
itself: GI is affected by, for exmaple, fruit ripeness, food
particle size, cooking methods, etc. (Pi-Sunyer 2002).

 

Ad libitum

 

 diets with higher protein content have
been shown to enhance satiety and increase thermogen-
esis in a number of smaller studies, and to produce bet-
ter weight control and weight loss than diets in which
the protein is replaced by carbohydrate (Skov 

 

et al

 

.
1999; Eisenstein 

 

et al

 

. 2002). A previous 12-month
study found that a fat-reduced diet with high compared
with normal protein appeared to enhance weight loss
and provide a greater reduction in intra-abdominal fat
stores. However, this pilot study did not have the statis-
tical power to assess weight differences between groups
after 12 months due to inadequate numbers of subjects
(Due 

 

et al

 

. 2004). These high-protein diets challenge the
current recommendations and need to be evaluated for
efficacy and safety, particularly in children, in a large,
long-term, strictly controlled intervention trial (Eisen-
stein 

 

et al

 

. 2002).

 

Genetic and environmental factors

 

According to current models, susceptibility to obesity is
determined largely by genetic factors, but the environ-
ment determines phenotypic expression. Heritability
estimates range between 50 and 90%, indicating that
genetic factors account for a substantial proportion of
variation around the mean in human adiposity
(Hebebrand 

 

et al

 

. 2001). These genetic determinants are
multiple and interacting with each other and with the
environment (Bell 

 

et al

 

. 2005). Despite encouraging
findings (Hager 

 

et al

 

. 1998), no gene has been formally
identified for common obesity.

Numerous studies have addressed the characteristics
of subjects that determine the risk of development of
obesity at a population level (WHO 1998). There is no
doubt that there is strong genetic predisposition, which
fully accounts for the resemblance in degree of fatness or
occurrence of obesity in biologically related adults living
apart (Maes 

 

et al

 

. 1997). There is equally strong evi-
dence that environmental factors in general, whether or
not shared by family members, determine the differences
in occurrence of obesity and weight gain both within
and between populations. A coherent understanding of
these environmental factors is still lacking (WHO
1998), probably because weight gain in a single individ-
ual is influenced by multiple, possibly interacting, fac-
tors, several of which may be under both genetic and
environmental control, may vary over time, and may
themselves be influenced by the changes in weight as
they occur, for example physical activity and diet in

terms of both amount and composition (Colditz 

 

et al

 

.
1990; Koh-Banerjee 

 

et al

 

. 2003). So far, there is no clear-
cut evidence from prospective population studies that
points to specific dietary components as major factors in
the development of obesity (Togo 

 

et al

 

. 2001; Newby

 

et al

 

. 2003). Much attention has been focused on fat
content of the diet based on both animal and human
experimental work, but in large population databases
the associations have been demonstrated convincingly
only in cross-sectional studies (Seidell 1998; Lissner

 

et al

 

. 2000). A limitation of studies like these on the fac-
tors influencing weight gain and development of obesity
is that they appear to have been too small compared
with the inherent variation and interaction in the mea-
surement and occurrence of the factors involved.

 

Gene-diet interactions

 

Data are also scarce on the interaction of genes and
diets. The novel tools of functional genomics can readily
be applied to the study of nutrient-gene interactions in
the context of obesity. DNA and RNA microarrays have
allowed identification of specific gene expression pro-
files in animal models (Nadler 

 

et al

 

. 2000), but can also
be readily applied to clinical studies (Clément 

 

et al

 

.
2004).

Adipose tissue, as an endocrine organ, is a good tar-
get for transcriptomics experiments. It senses metabolic
signals and secretes peptide hormones that regulate
whole-body energy homeostasis. Dysregulation of adi-
pocyte-derived peptides may affect insulin sensibility.
Transcriptomics approaches on adipose tissue are there-
fore ideally complemented by proteomics technologies
focusing on circulating peptides (Jurgens & Schrader
2002).

 

Behavioural factors

 

Despite market-place success, strategies to increase con-
sumption of low-fat foods (IFIC 1997) have produced
mixed evidence that they prevent weight gain in the
longer term. The majority of those who lose weight can-
not control or sustain the loss (Garrow 1998). In reality,
consumers choose and select dietary approaches to
weight management for a variety of reasons. The major
influences on these choices relate to prevailing attitudes
and perceptions, psychological and psychosocial aspira-
tions, and the actual behaviours the consumers them-
selves engage in. It is this psychosocial context that
moulds food habits and weight control capability. A
consumer will only adopt a new approach to weight
management if it fits with his or her attitudes and per-
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ceptions, including any perceived barriers, to effective
weight control. In order to maximise the potential value
of any weight control strategy, whether dietary or oth-
erwise, it has become essential to learn about the
features and behaviours of those who can and cannot
easily control their weight, so that strategies can be bet-
ter tailored to fit the psychosocial profile of different
consumers.

 

Food technology

 

The normal paradigm of the food and flavour industries
has been to maximise consumers’ liking for a food, with
the goal to increase purchase of specific products or
brands. It seems equally possible that foods could com-
bine consumer liking with limitation of intake due to
enhanced satiety or satiation signals. There are several
examples. Energy intake is positively correlated with
energy density of a food, and thereby with its macronu-
trient composition and water content. As such, inclusion
of selected fibres in a normal staple food like pasta may
be used to lower energy density and thus unconsciously
lower energy intake (Westerterp-Plantenga 2001).
Another potential trigger is monosodium glutamate
(MSG). It is possible that a dosage of MSG slightly
higher than normally used in foods will cause an
increased sensory-specific satiation effect (Bellisle 1999).
Protein content of the food has been found to influence
perceived long-term satiety (Gerstein 

 

et al

 

. 2004).
It is possible that differences between consumers in

taste perception (

 

i.e.

 

 sensitivity profiles to specific
tastants) may influence development of satiation and
food intake behaviour. The hypothesis needs to be
tested. Recent research linking sensitivity to tastants
and textural liking provides some intriguing observa-
tions. For example, studies show that differences in
taste sensitivity to 6-n-propylthiouracil (PROP) or fatty
acids correlate with differences in perception of desir-
able creamy sensations or fat preferences (Tepper &
Nurse 1997; Nasser 

 

et al

 

. 2001; Keller 

 

et al

 

. 2002; De
Wijk & Weenen 2004; Smeets 

 

et al

 

. 2004). Clearly,
such relations, and their potential role in regulating
food intake in the overweight or obese individual, need
to be further explored. To do so requires a new combi-
nation of the skills of physiology, psychology and food
technology.

 

The DiOGenes programme

 

DiOGenes will undertake an integrated programme of
new studies in each of the five areas reviewed above. The
programme should yield outputs of two types. The first

will be new insights into the links between diet, genetics
and development of overweight/obesity. The second will
be indications from the psychology and food technology
studies on how the new insights can be applied to
achieve real benefit for consumers at risk from over-
weight/obesity.

The programme will be divided into five RTD lines
(‘Research, Technology and Development’), supported
by a common data-hub and a programme of dissemina-
tion, innovation and training.

 

RTD1: obesity and macronutrient composition of 
the diet

 

The primary focus of DiOGenes is a dietary intervention
study to be executed in eight different centres across
Europe – in Denmark, The Netherlands, UK, Germany,
Spain, Greece, Bulgaria and The Czech Republic. This
study will explore the role of GI and dietary protein as
two key factors which may promote satiety and control
of energy intake.

The volunteer subjects will be families with at least
one obese parent [body mass index (BMI) 

 

>

 

 30] and one
overweight child; the other parent will be overweight
(BMI 

 

>

 

 28). A total of 900 subjects in 350 families will
be involved. Initially all adult volunteers will follow an
8 week very low calorie weight-loss diet, and any family
in which at least one parent loses 8% of initial body
weight will be randomised to one of five dietary inter-
vention arms: high GI/normal protein, low GI/high pro-
tein, high protein/high GI, normal protein/low GI and
control. The factorial design allows interaction between
dietary components to be assessed.

The dietary intervention will be followed for
6 months at 6 of the 8 centres where subjects will
receive dietary advice, and for 12 months at the other 2
centres, where families will buy all groceries from an
on-site supermarket for the first 6 months (thus aiding
compliance). During the study the volunteers will keep
regular detailed 7-day food records. The researchers
will measure body weight and composition, and take
samples of blood, urine and adipose tissue to measure
appetite hormones, and to assess risk of both cardiovas-
cular disease/diabetes and the high protein diet, partic-
ularly in children. Some of the samples will also be used
in RTD2 to study genetic variation between subjects
and gene-nutrient interactions, to help predict which
people could be most susceptible to weight regain after
a period of weight loss. Collaboration with RTD4 will
also identify psychological and behavioural markers
such as physical activity levels that help to predict risk
of weight gain.
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RTD2: obesity and gene-nutrient interaction

 

The DiOGenes intervention study provides a unique
opportunity to study gene-nutrient interactions associ-
ated with changes in body weight in order to reach a
better understanding of how obesity can be prevented
and treated from a dietary perspective.

Three complementary approaches will be used:

 

Genetic approach

 

This aspect of the work will involve building a database
of nutrient-sensitive genes and variations in genetic
markers (SNPs). This database will be integrated into
the central data collection facility for the project as a
whole. From this database candidate genes will be
selected for genotyping of the subjects in RTD1 and
selected subgroups from RTD3.

 

Transcriptomics approach

 

Adipose tissue is biologically very active, and secretes
various peptide hormones that help to control energy.
Adipose tissue samples taken from some of the RTD1
volunteers will be used to identify genes that predict
weight change and nutritional status through these hor-
mones, using a transcriptomics approach.

 

Peptidomics approach

 

Plasma samples from some of the obese RTD1 volun-
teers will be used to determine the level of circulating
peptides at baseline, after weight loss and at the end of
the dietary intervention. Peptides that predict weight
change and nutritional status will be identified using a
peptidomics approach.

 

RTD3: obesity, genes and diet at the population 
level

 

Complementing the studies in RTD1 and 2, DiOGenes
will carry out a large-scale population-based cohort
study, involving 145 000 adult men and women from
five EU countries. The populations will be drawn from
five existing EPIC cohorts. The main objective of this
epidemiological approach is to evaluate the roles of two
key dietary factors, GI and protein, in preventing the
development of overweight, obesity and related co-
morbidities, at the general population level and in a
long-term perspective. Specific objectives will be to
identify:

• key dietary factors that determine risk of overweight
in the future using 5 years of follow-up data;

• the relationships between key dietary factors and
genetic predisposition to obesity (using SNP data from
RTD2 on subgroups of subjects selected on the basis of
weight increase or weight stability from the baseline
measurement to follow-up);
• the risk of the development of obesity attributable to
the two dietary factors, in a public health perspective;
• the quantitative genetic, shared and non-shared envi-
ronmental influences on the key dietary factors and the
development of obesity. Data from pre-existing Danish
and Finnish twin cohorts will be merged and analysed.
Clinical data will be obtained from 1000 twin pairs, and
questionnaire-based information from 5000 twin pairs.

 

RTD4: obesity, consumer attitudes and behaviour

 

The RTD1 intervention study also provides opportuni-
ties to identify psychological and behavioural markers
that help to predict risk of weight gain and better match
diets to consumer needs. RTD4 will develop tools to
identify behaviours that increase the risk of weight
regain after weight loss. These tools will include meth-
ods for:

• assessing consumer expectations of weight loss;
• determining the psychological and behavioural
responses to weight loss and weight control;
• documenting attitudes and perceptions about, and
barriers to, weight control;
• identifying feeding and drinking behaviours, as well
as activity patterns, that predict successful weight
control;
• understanding the relative contribution of liking
food, and hunger, to changes in feeding behaviour;
• measuring energy expenditure and physical activity
patterns in free-living people.

These tools will be implemented during the intervention
study, at baseline, after weight loss and at the end of the
intervention period. The results will be used to develop
a software-based obesity risk and behavioural advice
screening tool (ORBAST) to help consumers and health
care professionals devise personalised lifestyle
approaches, to help reduce the risk of overweight and
obesity.

 

RTD5: obesity and food technology

 

Studies linking physiology, psychology and food tech-
nology will explore opportunities for food product
development as a route to extend DiOGenes’ diet-
related findings into practical solutions for consumers.
Initially, psycho-physiological studies will investigate
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the relationship between perception and physiological
responses, which will provide the scientific basis for
identifying new triggers for inducing satiation. These
triggers could include physiological status, specific
ingredients, flavours and aromas. As part of the studies,
new methodology will be developed to observe non-
cognitive responses to food intake such as changes in
temperature, heart rate, reflexes, speed, frequency and
duration of food intake.

Findings about triggers for satiation will then facili-
tate the tailored development, and prototype produc-
tion, of new food products. The focus for product
development will be foods that are high/low in protein
and carbohydrates, and include food-grade satiation-
inducing triggers, with special emphasis on consumer
liking and preferences.

 

RTD6

 

A central project data-hub will be created to maximise
the integration between RTD lines, standardisation of
protocols and data collation, storage of (and remote
access to) the data from the RTD lines, and rapid,
detailed analysis and modelling of complex data sets.

 

RTD7

 

This line will support DiOGenes in the areas of dissem-
ination, innovation, demonstration and training. Its task
will be to facilitate the flow of new knowledge from the
project into practical innovation (new products, services
or advice), into deployment in the scientific community
(new expertise and techniques), and to consumers and
opinion leaders across Europe.

Further information on DiOGenes can be found at
http://www.diogenes-eu.org

DiOGenes is one of a portfolio of initiatives, includ-
ing Integrated Projects and Networks of Excellence,
funded by the EU in the area of food safety and health.

 

Nutrition Bulletin

 

 has already reviewed several, includ-
ing the Lipgene project (Nugent 2004) and NuGo
(Astley & Elliott 2004), and will cover others in future
issues.
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