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Preface

ver the years, researchers and public health authorities throughout

the world have sought to identify food, nutritional or behavioural

factors that are likely to play a role as either risk factors, or protective
factors in the determinism of illness and health quality. Several studies
developed on cellular, organ, healthy and unhealthy subject, or population
models have been carried out during the last 30 years. If, in several cases, the
existence of a link between “nutritional” exposure and certain illnesses cannot
(for the moment) be asserted by the available arguments, in other cases, on
the contrary, the convergence of arguments is such that a consensus can be
reached.

The possible health benefits associated with a Mediterranean diet,
based on epidemiological studies, were raised more than 15 years ago. Thus,
in relation to cardiovascular conditions, the famous Keys international study
(1986) on 16 cohorts, throughout 7 countries, highlighted a lower cholesterol
level and a lower cardiovascular mortality rate in Mediterranean countries
compared with countries in Northern Europe and America. The prospective
MONICA study (1994) has shown a lower incidence of coronary conditions in
the South of France and in the region of Barcelona (Catalonia, Spain). In
relation to cancer, descriptive studies of mortality or incidence rates have also
found lower rates in Mediterranean countries, notably in the case of colon
cancer and breast cancer. Other conditions seem to benefit from food and
nutrients contained in Mediterranean diets: osteoporosis, cataract,
deterioration in cognitive functions as part of ageing... Finally, if one considers
life expectancy beyond 65 years of age, 4 countries from Southern Europe are
grouped together just behind Sweden, which benefits from high social
standards: France, Greece, Italy and Spain.

The EGEA International Conference, organised this year in the
beautiful city of Perpignan, is taking stock of the situation in relation to certain
aspects of the health benefits associated with Mediterranean diet, by
specifically taking an interest in obesity and diabetes, which also constitute a
major public health problem. The world’s best specialists, from mechanistic
research to epidemiological studies, have pooled together to paint a very
comprehensive assessment of scientific knowledge in these domains,
justifying the recommended basis that provides, or will provide, the platform
for developed nutritional policy in several countries.

Above all, this Conference demonstrates that we now have at our
disposal, a wealth of scientific data highlighting the fact that Mediterranean
diet constitutes a set of balanced practices and behaviours that are very
favourable to personal health, and which have the extraordinary advantage of
associating health, pleasure and conviviality. A useful and superb model for
public health managers !

Serge HERCBERG

Director of the U557 INSERM (UMR Inserm/Inra/Cnam) : Nutritional Epidemiology,

and of the Monitiring and Nutritional Epidemiology Unit (InVS/Cnam) (Paris, France) and
Vice-Chairman of the Strategic Committee in charge of the French National Program
“Nutrition and Health” (PNNS) (2001-2005)



An official opening talk was held prior to the scientific lectures
on Wednesday, May 12th, 2004, featuring :

Mr Laurent Damiens, Director of Aprifel
and Ms Saida Barnat, Head of the Scientific Department of Aprifel,
who welcomed their distinguished guests before giving the floor to :
Mr Jean Sales, a vegetable producer in Perpignan city and President
of the French National Fruits, vegetables and horticulture board (ONIFLHOR)
and Ms Gisele Rossat-Mignot, councillor of Mr Hervé Gaymard,
Ministry of Agriculture, in the field of food and sanitary safety
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OPENING LECTURES

Obesity and type Il diabetes prevention :
What has been done ? Where do we stand ?

Philippe VAGUE
Department of Nutrition-Endocrinology-Metabolic Diseases, University Hospital of Timone, Marseille, France

The first EGEA conference focused on the possible effects of the
Mediterranean diet in terms of cardiovascular diseases and
cancer prevention. This time, it will look into health benefits of
Mediterranean diets for obesity and type Il diabetes prevention.
Adam Drewnowski has previously presented nutritional aspects
of theissue. | would like to talk about issues brought about by
the rise of type Il diabetes, obesity and its prevention over the
world.

According to the International Federation for Diabetes, 2003,
there were 189 million people living with diabetes in 2003, and
it is estimated that this figure should increase by 72 % in 20
years, to reach 324 millions. This increase should vary from one
region to another: it is expected to reach 58 % in North America,
even more in South America, much less in Europe, much more
In Africa, the Middle-East (as defined by the International
Federation for Diabetes), Australia and Asia. Why? Obviously
because there is less obesity in some developed or rich countries
than others. There will be a smaller number of obese people and
thus a smaller incidence of diabetes. Other countries will access
a higher standard of living and more low-cost food, which will
result in a higher number of obese people and diabetics. In fact,
we know that type |1 diabetes depends on weight and obesity on
the one hand, and a more sedentary way of life on the other hand,
which is due to mechanization al over the world and its adverse
effect on physical activity.

Type Il diabetes is an important issue that grows bigger with
time. If no appropriate action is undertaken to stop the dramatic
increase, this is what is going to happen. Yet we are capable of
action. If we work to promote globa public health through
proper economic and political actions, we should be able to
avoid such evolution. As | said, the prevalence of diabetes (and
consecutive cardiovascular mortality) will grow in the future
mostly because of the growing importance of obesity all over the
world, with differences from one country to another. | am
stressing this aspect because political and economic differences
among countries and health systems prove determining in the
fight against those phenomena. Actually, genetics does not vary
much from a country to another. In the 20th century, human
beings adapt to their environment more or less in the same way
everywhere. Differences among countries are due to
discrepancies among economic bases, i.e. levels of development
and financia standards as well as health systems.

In this introduction, | would like to show you the importance of
obesity through a French study that discriminates men and
women. The prevalence of obesity increases with age. In France,
over 10 % of men over 60 are obese with a BMI above 30. The
figures are very similar between 1980 and 1991 the prevalence
of obesity has not increased for men. As for women, results are
quite similar, except for younger women (age 20-40) whose
obesity rates have aimost doubled between 1980 and 1991. The
prevalence of obesity remains significant in France as el sewhere.
We can notice a geographical discrepancy in overweight. In

France, if we compare the regions of Haute-Garonne (South-
West), Lille (North) and Bas-Rhin (North-East), there is a lower
prevalence of overweight in the Southwest than in other regions.
This has many causes. Firstly, financial resources are higher in
the South than in the North and perhaps also Northeast. Besides,
nutritional habits are different: Southwestern diets are closer to
the traditional Mediterranean diet.

There are al so great discrepancies within Europe, asshownin the
comparison of the UK, Finland, former GDR (German
Democratic Republic), the Netherlands and France. As for
women, the prevalence of obesity remains moderate in the
Netherlands: it has not increased between 1987 and 1995. In the
UK, it has amost doubled during the period. In Finland and
former GDR, it remained stable. As far as men are concerned,
figures are quite similar. Examining the evolution of obesity
prevalence in severa countries may help to adapt public health
measures. Between 1975 and 1995, the prevalence of obesity
(BMI >30) in men and women dramatically increased in the
USAand Germany. On the contrary, in the Netherlands, France
and Sweden, the trend dlightly drops down. This alows
forecasting that the epidemic of obesity may spread quickly in
Germany, the UK and the USA but much more slowly in the
other countries. It will therefore be easier to take efficient public
health measures in those countries. Nevertheless, such measures
will prove much more necessary in the USAand Germany.

These observations (global evolution of dietary trends, obvious
connections between nutritional habits, income and body weight,
worrying yet variable prevalence of type Il diabetes and obesity
over the world) will guide us through this three-day conference
and its six sessions. Tomorrow morning, we will focus on obesity
and type Il diabetes, multi-factorial diseases, in order to
understand why a person becomes obese and possibly diabetic.
During the second session, we will tackle Mediterranean diet and
the role of fruit and vegetables in body weight management and
obesity prevention. In the third session, we will concentrate on
child obesity and type Il diabetes prevention. | would like to
comment shortly on this point: afew years ago, we used to think
that childhood diabetes was a regular type | insulin-dependent
diabetes, caled juvenile diabetes. Obese diabetes, type Il
diabetes, was called adult diabetes. This distinction is no longer
valid: we know that many children suffer from type Il diabetes
today, since there are more and more obese children. Prevention
of children obesity plays an extremely important role in the
protection against long-term diseases. It is therefore crucia to
focus carefully on children, from the side of therapists aswell as
public hedlth specialists. During the fourth session we will
handle overweight and obesity, and the ways to avoid obesity in
overweight people. We will conclude by setting nutritional
recommendations on how to adapt the so-called traditional
Mediterranean diet to our modern lifestyle.

| hope that, in the coming days, we will contribute to better
identify ways to solve the issues we are al aready aware of.

EGEA 2004



OPENING LECTURES

Global dietary trends and the nutrition transition

Adam DREWNOWSK|
University of Washington , School of Public Health and Community Medicine, Box 353410, Nutritional Sciences, Raitt Hall 305E Seattle,
WA 98195, USA

My talk has to do with global dietary trends and the nutrition
transition. As| have mentioned, we are in the middle of aglobal
obesity crisis, which is much more severe in the United States
than it is elsewhere. There are a number of socio-economic
factorsto this crisis, which | will deal with in due course. What
| want to show you in this dide is the relationship between
incomes and overweight.

What you see here, is a slide from the World Bank showing the
distribution of incomes. Of course, the European Union, United
States, Canada, and Australia are the richest nations, and the
poorest nations are in the Indian sub-continent and Africa
Notice that incomes are related to higher obesity rates. What you
see are decreasing rates of underweight in developed nations,
higher rates of overweight and the highest rates of obesity.

Woe are in the middle of a global obesity

epidemic
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But there is a paradox. Within poorer nations, it is the richer
people who are obese; within the richer nations, it is the poor.
The burden of obesity in the United States — and in France and
elsewhere — falls disproportionately on ethnic minorities and the
working poor. We therefore have a paradox: on the one hand we
have devel oping nations increasing both longevity and the rate of
chronic disease, which is hitting the richer sub-groups within
them, and on the other hand we have the rich nations, where the
problem of obesity resides with the poor.

Let me explain very briefly what we mean by the term ‘nutrition
transition.”  Nutrition transition occurs if incomes rise and
populations become more urban. It reflects the shift from an
agricultural society to amore urbanised, industrial society. At the
same time as the nutrition transition occurs, demographic shifts
take place: life expectancy increases and fertility rates drop.

The epidemiological transition means that disease rates shift
from infectious disease towards higher rates of diet-associated
chronic disease — mainly obesity, cardio-vascular disease and
some forms of cancer. So thereis clearly a connection between
diet and disease rates, which is a part of the nutrition transition.
What happens is that the proportion of income that is spent on

food decreases very sharply. That relationship is known as
Engel’s Law. It is a fundamental law of economics and was
formulated in 1857.

What aso happens to make the diet cheaper is that diet
composition changes and starchy staple foods are gradualy
abandoned in favour of more animal foods, more added sugar,
and more added fat. At the sametime, physical activity declines
and we have higher rates of chronic disease, of which obesity is
the most common and the most important right now and, in the
long term, the most dangerous.

How do we handle thisissue ? How can we promote healthier
diets ? There are two ways, and you will be hearing more about
those during the congress. One approach is through advertising
behavioural change, nutrition education,
motivation, and other strategies that have to do
with behavioural change at the individual level.
Thisisvery important.

For example — and here | quote my colleague
Barry Popkin, who was part of the WHO and
World Bank Nutrition Consultancy — the final
state of nutrition transition, this utopie
dimentaire, or the idea of heathy dietsfor
everybody, is based on dietary and behavioural
change. He said it begins with a thriving
economy and the awakening of the importance
of sound nutrition and exercise. At this point,
healthy diets and life-stylesare ‘in’, they have
become fashionable, and the challenge isto
find the triggers to promote a voluntary shift
towards healthier dietsin a population. This
approach has been applied over the past severa
years and it continues to be applied. Y ou will
hear more about it during the conference.

| want to suggest something different. First of
al, in the United States we no longer have athriving economy
and we rely less than before on individual behavioural change.
Weare moving in the direction of environmental and policy
change and in order to insure hedlthy diets for everybody, we may
need to look toward agricultural policies and economic measures.

The existing behavioural and educational measures need to be
supplemented with economic and policy measures and, in some
cases, political action. Right now, the push towards healthier
diets, which we are certainly promoting in the United States
(notice here the various headlines and covers of journals, dietary
guidelines, and so on), actually is not really working. This was
the ideal; here is the reality that we are faced with.

One of the points | would like to make is that there is a huge
differential in cost between healthy and unhealthy foods. We
really need to come to gripswith the fact that healthier diets may,
in fact, cost more. | am not saying that thisis a bad thing; | am
saying that even if healthier diets do cost more, it isworthit, in
the long term, for the consumer. It is worth consuming a more
nutritious diet even if it is more expensive. At the same time,
however, the consumer has his or her own economic limitations
and will gravitate towards the cheaper food options.

(o Jeceazoos



Global dietary trends and the nutrition transition

What went wrong ? How did Americans become the fattest people
intheworld? Isit the shape of thingsto come ? What can be done
about this, first of al in the United States, and then globally ?

| would like to draw your attention to some new books on the
subject, some of which may be coming out in a French
trandation, but you can aso get them in English. Eric
Schlosser’s best seller “Fast Food Nation” accuses the food
industry, specifically McDonad's, of privatising profits and
socialising costs. He saysthat the food industry has made profits
by passing the health-care costs along to other groupsin society .
Greg Critser, in “Fat Land”, places the beginning of the obesity
epidemic at a precise afternoon in 1973, when Earl Butz, who
was the Secretary of Agriculture in the Nixon administration,
signed a hill authorizing price supports for corn. Asaresult, we
got corn syrup and corn oil a an incredibly cheap cost. Thisisa
bit of journdistic license but, according to Greg Critser, the
obesity epidemic can be pinpointed to that afternoon.

Marion Nestle, in her book, talks about the role of the food
industry in promoting the creation and marketing of cheap foods,
especialy to children and adolescents. Kelly Brownell, in his
|atest book “Food Fight”, places the blame equally on just about
everybody.

So, right now, the food industry in the United States is under
attack and people are talking in terms of fast foods being the
tobacco of the 21st Century.

| take adlightly different view-point because | think that the food
industry has been providing low-cost food to low-income people,
and it becomes a much more complicated situation. One point
that | do want to make is that obesity in the United Statesis very
much a socio-economic issue and it has absolutely everything to
do with accessto healthy diets and, therefore, the costs of healthy
diets. Those things really cannot be separated.

We are looking at the possibility that the relation between
poverty and obesity is actually linked with the very low cost of
energy-dense foods, and is reinforced by the good taste and
palatability of sugar and fat.

Thereisanew focus on the cost of diets. An editorial inaBritish
medica journal, the Lancet, published at the
end of January of thisyear, stated that high-fat
energy-dense foods are the cheapest option to
the consumer. It specifically noted that aslong
asameal of grilled chicken, broccoli and fresh
fruit costs more and is less convenient than a
burger and fries, then the battle against obesity
will be lost.

relatively inexpensive calorie-dense foods that are convenient and
taste good.

Let us briefly examine the current dietary trends in the United
States. | can tell you that very similar trends occur here, in France.
| have looked at some of the data from both Credoc and Inserm.
| will not present them here but the American data can give you
some idea.

First of al, we have the food guide pyramid, which you have
seen in its various incarnations. There is now even a
Mediterranean diet pyramid, as you will know, constructed by
some of my colleagues from Harvard.

ThisUSDA pyramid shows you the contrast between the ideal
diet, what people ought to consume, on the right, and therealistic
diet, which iswhat people actually consume, on the left. You see
that American consumers eat from the bottom of the pyramid and
the top of the pyramid. The bottom of the pyramid is grains,
mostly refined grains, and the top of the pyramid is added sugar
and added fat. Notice that the consumption of vegetables, and
especialy fruit, is much lower than it ought to be. Idedly, we
would like to increase it to several servings per day. It is not
there right now — the space at the tip of the pyramid is taken up
by added sugars and fat.

In the past 20 years, the composition of the American diet has
changed. We consume 300 more calories per day than we did 20
years ago. Those extra calories come from refined grains, added
sugar and added fat. About 8% come from fruit and vegetables,
and the consumption of dairy products and meat actually
declines in terms of those additional calories.

Basically, the American diet has increased in terms of calories
because people consume more of the less expensive foods.
Notice that on this slide, it is the consumption of grains that has
gone up more than the consumption of either added sugar or
added fat. Notice also that the consumption of grains, sugar and
fat isin the order of 400 pounds per person per year. Given that
soft drinks in the United States are sweetened using high-
fructose corn syrup, corn sweeteners have replaced cane and
sugar beet sweeteners. As aresult, the American diet has more
fructose than it used to have.

People overeal grains, sugars, and fats

- why ?
gouica : Frarso, ERSAUSDA 2002

Added sugars

This is why we need to have economic action
and make sure that healthy foods are equally
affordable and accessible to all. We arereally
moving beyond issues of education and
information, we are moving into the realm of
state-driven agricultural policy to promote the
consumption, production and accessibility of
vegetables and fruit.

Grains

Many of the same points were actually
mentioned in the most recent Strategic Plan for
Obesity Research, published by the National
Ingtitutes of Health (which is the equivalent of
Inserm), saying that genetic factors clearly play
an important role, but despite their importance, the dramatic rise
in obesity rates can only be due to changes in the food
environment. Again, the National Institutes of Health specified
that the food environment now includes abundant choices of

Added fals

| want to point out something that people always forget.
The high fructose corn syrup in soft drinks is not pure fructose :
it is 55% fructose and 45% glucose, and, of course, sucrose is
50% fructose and 50% glucose. Right now, | believe that soft

EGEA 2004 — OPENING LECTURES| 9 |



Global dietary trends and the nutrition transition

drinksin France are sweetened with sucrose, but al the drinksin
the United States are sweetened with high fructose corn syrup.

The consumption of meat, eggs, poultry and fish has been
constant. However, the consumption of beef has dropped and is
increasing slowly, and consumption of poultry has gone up fairly
fast. Fishisavery small part of the nutritional regime in the
United States. Notice here that the consumption
of fruit is surprisingly monotonous. In the
United States, three types of fruit — oranges,
apples and bananas — account for 50% of all
fruit servings. That means we do not have the
diversity in fruit consumption that we ought to
have, and that apple juice, orange juice, oranges,
apples and imported bananas pretty much
account for half of the fruit that is consumed.

Among vegetables, iceberg lettuce, frozen
potatoes (meaning French fries) and potato
chips account for athird of vegetable servings.
Again, there is little variety in vegetable
consumption. When you look at the leafy
green vegetables plotted on the same scale,
which is on the next slide, you will see that
their consumptionisrealy very low. These are
the vegetables we are promoting, these are the
vegetableswhich are critica to health and their
consumption is either stagnant or not
increasing, and certainly much lower than the
consumption of the lower cost produce.
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So, for the average American family, fruit and vegetables pretty
much mean potatoes, orange juice, apples, and maybe lettuce.
There is a lot of work to be done in terms of education,
motivation and awareness, but there is a so the economic factor
because the fruit and vegetables that are consumed are in fact the
ones that cost the least.

How is obesity linked with the nutrition transition ? Isit possible
that the obesity epidemic can be explained through the laws of
economics ? In my presentation, | will look a some of the
common laws of economics and see how they apply to obesity,
given that we have a very strong socio-economic gradient with
obesity and type 2 diabetes.

Thefirst issueis Engel’s Law, which states that as incomes rise,
the proportion of income spent on food declines. So that the
wealthier countries spend alower percentage of income on food,
and wealthier families spend a lower percentage of income on
food. Looking at it on aglobal scale, you see that poor countries,
especially those in Africa and Asia, spend up to 60% or 70% of
disposable income on food in some cases. On the other hand,
developed nations over here spend anything between 7% to
about 21% of disposable income on food consumed at home.

In the United States, we spend the lowest proportion in the world
on food consumed at home, representing only 7% of disposable
income. In France, consumers spend double that — 15% - which
is one reason why their produce and diet are of higher quality. In
Japan, consumers spend triple that — 21% of disposable income
—on food consumed at home. So the range can be anywhere
between 7% and 21%, and notice that the less people spend, the
cheaper the diet seems to be.

Here we have data from the United States Department of
Agriculture estimating the average cost of the American diet in
terms of cents/100 caories. According to those data, the dietsin
the United States, Ireland, New Zealand and the UK, are among
the cheapest in the world: you can get 2 000 calories for
approximately 2 $.

4000 -
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These arevery low figures, and notice again here that the cheaper
the diet, the more people eat. That is the economic law of
demand: as the diet becomes more affordable, more of it is
consumed. Thereis a relationship between the cost of the diet
and total daily intakes. My argument today isthat there are ways
to make diets cheaper and those ways involve grains, sugar and
fat.

The cheaper the food is, the more people
consume — aconamic law of demand

Cost per 100 koal [LES cants)

Diesrvyrezameen J Pk 2031

These are data from the United States (there are identical data
available from Credoc) showing that the proportion of incomein
the United States has been declining from 1929 until now. We
spend 7% of disposable income on food consumed at home, and
4% of disposable income on food consumed away from home.
Altogether, food and beverages account for 12% of disposable
income. The French data are much the same: they show a decline
in personal expenditure on food.

The amount spent per person per day has been the subject of a
number of economic studies. In the United States, the average
person spends approximately 7$ per person per day. Inserm’s
estimate of the amount of money spent by French consumersis
in the order of 5a per person per day. So when you think of the
relationship between diet quality and diet costs, bear in mind that
5a has to get you approximately 2 000 calories per day .

Food has become cheaper. These are data from The Economist
showing that of al the various market segments, only food and
clothing have become cheaper, whereas things like
telecommunications, cell-phones and so on, are relatively more
expensive. Hence, as consumers devote their resources to other
market segments, food and clothing seem to suffer because less
money is spent on food.

Now, the clothing industry has achieved a number of savingsin
a number of ways, detailed in a book called “No Logo” by
Naomi Klein. Among the ways to achieve those savings were
moving jobs offshore and cheap imports form other nations.
Again, the food industry is cutting costs by using cheaper
ingredients.

How did this happen ? How did the typical American diet become
so inexpensive ? Did some diet components become cheaper than
others?

Generally, in economics, you have a positive relationship
between incomes and diet composition. As countries become
richer, they consume more fat, mostly animal fat from meat.
They consume more sugar, and protein shifts from vegetable

OPENING LECTURES — EGEA 2004



Global dietary trends and the nutrition transition

protein to anima protein. These are al components of the
nutrition transition: more animal products, more animal protein,
more sugar, less vegetable protein, and less staple carbohydrate.

Here you have the data for the consumption of carbohydrate in
Cambodia, Vietnam, Laos and Asia, and here you have
consumption of carbohydratesin the United States. When you look
at this relationship between staple carbohydrates and income, there
is another economic law, called Bennett’ slaw, which saysthat there
is an inverse relationship between the percentage of energy
developed derived from staple cereals and per capitaincome.

You can see on thisslide how it playsin Asian nations. The poor
Asian nations consume close to 90% of energy from
carbohydrates, but as they become richer, carbohydrates drop,
sugar increases, and the amount of fat goes up. So there was a
classic relationship between diet composition and wedlth: as
nations became wealthier, they consumed more animal products.
Those classic relationships have now been uncoupled, and those
economic laws no longer hold.

What happened was increased production of extremely cheap
vegetable oils. These data were first published in a paper that |
published with Barry Popkinin 1997. They show the relationship
of the wealth of a nation, from the very poor to the very rich,
showing that the amount of animal fat went up as a function of
income. However, what happened here was that the consumption
of vegetable oils went up. Vegetable oils are so inexpensive that
even the poorest nations can have adiet which is 25-30% fat.

Vegetable oils are extremely cheap and this relationship was
recently cited by the Food and Agriculture Organization of the
United Nations, showing that as incomes rise, even the poorest
nations have access to dietswhich arerelatively highin fat. This
has to do with the fact that as vegetable fats have become
inexpensive, the consumption of vegetable fats has gone up, and
that consumption is independent of incomes. Further, in the past,
higher degree of urbanization was linked to greater wealth.
Right now, we have huge urban agglomerates in South and Latin
Americaand in Asia, which are in reality poor. So you have 10
or 20 million people living under fairly primitive conditions in
various areas of developing nations. The one type of food which
is delivered reliably and cheaply and that does not spoil is sugar.
This means that developing nations will be consuming an ever-
increasing proportion of sugar so that, according to economic
analysis, urbanization does actualy drive sugar consumption,
again independent of income.

These are very recent data form Barry Popkin, showing that the
increase in sugar consumption between 1962 and 2000 has not
actually been in the richest, but in the poorest nations. This
means that obesity and type 2 diabetes are a crisis waiting to
happen in the developing areas of the world.

We are already seeing that it is the poor in developing countries
who consume more sugar. What you are seeing thenisan inverse
gradient between sugar consumption and incomes among the
urban poor in Brazil. You can see quite clearly that the
percentage of energy from fruit and vegetables goes up with
income and the percentage of energy from sugar goes down with
income. It is actually lowest among the richest groups. In
economic terms, this makes sugar what is caled an “inferior
good” because its consumption goes up as incomes decline.

It looks to me as though obesity is linked to the consumption of
energy-dense, low-cost diets. We are thus aready seeing higher
rates of obesity among low-income women in both the United
States and Brazil.

These two women are fruit-pickers in the Central Valley of
Cdlifornia. They were featured in an article in a Californian

newspaper, which stated that they only made money during the
fruit season, and then they ate well. However, off-season, the
only thing they could afford was added sugar and added fat, with
predictable consequences. Thus, there were seasons when they
could cook and eat produce and have a healthy diet, but there
were also seasons when they could not. As a result, obesity in
this group is very much linked to socio-economic status, and it is
very largely mediated by food costs.

| have been using this model to look at how people make food
choices. This model emphasizes the factors of taste, cost,
energy-density, convenience, health and variety. When it comes
to taste, it can be fat, sugar and salt. When it comesto cost, it is
grains, added sugar and added fat which are least expensive.
When it comesto energy density, it isagain cereals and fat which
are the most energy-dense. When it comes to convenience, we
have packaged foods, which are highin fat, sugar and salt. When
it comes to health and variety, there at the end you have fruit and
vegetables. We need to change this system to make healthier
foods more affordable for everybody.

According to our model recently published in the American
Journal of Clinical Nutrition, we actually suggest that saving on
food and trying to save on food costs will push the consumer
towards more energy-dense foods. Energy-dense foods may
have a lower satiating power, so there is a greater potential for
passive over-eating or excess energy intake. In other words, you
consume more than you intended. The point is that the forces
that drive people to that are not necessarily physiological, they
may be economic.

Research has suggested that we are driven to consume sugar and
fat because of genetic factors, natural predispositions, genetic
mutations and learned preferences, and all of this is true.
However, there is also the possibility that we are driven to
consume them because of economic circumstances. Some of us
have a choice of healthier diets, but many of usdo not. Isit then
possible that economic factors coupled with physiology and
behaviour are the forces driving the obesity epidemic ? Here, we
are saying that trying to constrain food costs and spending less
may in fact result in eating more.

Let me show you briefly just how inexpensive sugar and fat really
are. Atworld market prices, sugar costs approximately 9 cents per
pound, which means that you can obtain 20 000 calories for one
dollar, or just under one euro. For added fats, the market priceis
approximately 20 cents per pound, which means another
20 000 calories can be purchased for one dollar. Nutritionists
generally equate 3 500 ca ories with one pound of body weight, and
here, you can get 40 000 calories for 2 dollars. The cost differential
between healthier foods and added sugar and fat is enormous.

People have said that added fat and sugar are evil or bad, or
should be curtailed. | am saying that they are not evil, they are
merely inexpensive. It isreally an issue of economics.

When you start looking at diets, again you can see that starches,
sweets and fat give you more calories for less money. These are
analyses conducted by Nicole Darmon from unit 557 at Inserm
in Paris. Nicoleisdealing with obesity and poverty as part of an
Inserm research study.

Here, she looked at data form a Va de Marne study, conducted
by Serge Hercberg, and concluded that meats, fruits and
vegetables were more expensive in terms of the calories they
contained. On the other hand, grains, sweets and fats provided
more calories at a lower cost. Of course, this is just calories,
meat, fruit and vegetables provide nutrientsand if you wereto re-
do this scale in terms of nutrients per dollar or per calorie, it
would come out differently. In the United States, we are now
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looking at anutrient-rich score, anaturally nutrient-rich scale per
thousand calories, to find out which foods pack the most
nutrients in a smaller caloric package.

We had a meeting about this very topic on 16th March in
Washington, and you will be pleased to know that fruit and
vegetables came right at the very top of thelist. We are about to
publish this data. The range of the nutrient-density scores runs
al the way from soda to spinach, which is exactly what your
mother told you. The new nutrient-density score pretty much
replicates what we have &l known all along.

This is another economic problem. When we look at inflation
and rising costs, sugar and fat hold their price, so that pricesin
the United States for fruit and vegetables have gone up fairly
substantially since 1983. On the other hand, sugar, soda,
sweetened foods, chocolate — the energy-dense foods — have held
their price. There are many economic reasons for this but |
cannot list them all. Onething | would like you to go away with
isthat there are some economic factors at play here.

In the US, prices for sweetened foods have
risen more slowly than prices for fruits and
vegetables (Consmner Price Index: 1082-83=100)
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As a result, about 40% of dietary energy in the United States
comes from just two ingredients: added sugar and added fat. Our
diet is becoming progressively more reliant on the cheapest
ingredients and many consumers are being driven by
circumstances towards sugar and fat. This has consequences for
the obesity epidemic.

| am sure you have all seen the map of the United States showing
which states are the most obese. Right now, a number of states
have crossed obesity rates of 25%, which means one in four
adults is obese and defined by a body mass index of 30 and
above. Those states are Texas, Louisiana, Mississippi, Alabama,
South Carolina and West Virginia. You will have seen the map
on the left because it has been published everywhere, including
inthe Journal of the American Medical Association. You will not
have seen the map of this relationship here on theright, whichis
my own calculation of the relationship between obesity rates and
income by state. Mississippi, Alabama, South Carolinaand West
Virginia are the poorest states. You have the highest rates of
obesity in the poorest states.

This is not just in the United States, you see the same exact
relationship for Canada. | got rates of overweight (body mass
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index 25) and medium income by province. Again,
Newfoundland, Prince Edward Island, Nova Scotia and New
Brunswick are the lowest income and the fattest provinces. The
least obese group is going to be down here in British Columbia
and Quebec: Quebec, possibly because of genetics; British
Columbia, perhaps because of climate and opportunities for
physical exercise, but the same relationship holds.

The same relationship holds for France — these are data
published in the Figaro — and again, you have highest rates up
in the North of France, in the Pas-de-Calais, and lowest rates
exactly where we are. Except — and thisis worrying — the
growth is actually highest in this area of France: you have both
the lowest rate and, unfortunately, the fastest rate of growth in
obesity. Inthe United States we have a very strong relationship
between obesity and income. It is absolutely linear for women;
it is blunted for low-income men. Thereis arelationship for
both income and education, which holds for women but not so
much for men, except that wealthier men are less likely to be
obese.

Of course, the wealthy do a number of things
differently. First of al, they have more
opportunity to exercise. These are data from
centres for disease control showing that
recommended exercise goes in relation to
education level. That is to say that lower
income groups and groups with less than high-
school education, lower than Baccalaureat, are
least likely to engage in leisure time physical
activity. Of course, the wealthier people eat
better foods and have healthier diets.
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The Healthy-Eating Index is a global measure
of diet-quality developed by the United States
Department of Agriculture. | believe that one
of the speakers at this conference will be
speaking about thisin a day or two from now.
Here you see that healthy-eating index scores
go up as a function of income and aso of
education. You see that the wealthier groups
have more opportunity for physical activity,
they have better diets, and they have more food choices. My
point here is that we need to make those choices equal to all.
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These are the latest data from the International Obesity Task-
force showing that the highest proportion of obese children was
actually, paradoxically, in the Mediterranean countries: Italy,
Greece and Spain. This is a menu photographed by a French
epidemiologist, Marie-Frangoise Cachera, who went on holiday
to Greece. The children’s menu aways shows. hamburgers,
spaghetti, French fries, soft drink, and ice-cream. The significant
thing here is that this menu costs only 3 euros— al the sugar and
fat you can eat for 3 euros. There are two things: one is
education concerning healthy diets; the other is economics, and
we would like those foods to be available to all.

Obesity and diabetes are becoming a global public hedth crisis.
We already have a crisisin the United States and it is spreading
globaly. My position isthat, to avery large extent, obesity isan
economic phenomenon. Many people are obese because they are
poor. It is quite possible that obesity is the hidden price we are
paying for globalization. There are many provocative arguments
one can draw on for or against this theory but what we need are
economic policies to ensure healthy diets for all.
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Intoduction

Eveline ESCHWEGE
National Institute of Health and Medical Research, Inserm U 258, Hopital Paul Brousse,
16, avenue Paul Vaillant Couturier, Villgjuif, France

Together with Pr. Philippe Vague, | have the pleasure to chair this
first session on “Obesity and diabetes : two multi-factorial
diseases’.

We will have six presentations. From global epidemiological
situation of obesity and diabetes to a closer view of the rising
prevalence of these diseases, we will progressively try and
understand their constitutive mechanisms and means of
prevention. | will show you two slides that Philippe Vague
already presented yesterday. The first oneisabit more up-to-date
than the one you saw yesterday for France (in white on the
graph). USAappears as the “ champion of obesity”, with a steady
increase since the 1970 s. Germany and Finland follow. The UK
shows afast growth in the 1980s, asis the case for Spain, France
and the Netherlands from the mid-90s. These countries are
undergoing a rapid evolution and may catch up on the USA
someday.

The next graph shows very recent data from the International
Federation for Diabetes. Paul Zimmet published it last year in
Diabetic Medicine. The number of diabetic subjects has grown
from 135 million in 1995 to 155 million in 2000 and 189 million
in 2003. Forecast for 2025 is 324 million (against 300 million
forecasted in 2000 for the year 2025). The most affected regions
are Africa, the Middle East and Asia. Obesity in Europe seems
not to grow as much for it might have reached a stabilisation
stage. This is doubtful though, since population aging tends to
magnify the phenomenon.

The share of diabetes caused by weight gain in subjects aged 30+
varies from 25 to 85 % depending on country and gender. As for
women, this share represents 80 to 85 % in North America,
Europe and Latin America, and much lessin Asiaand the Pacific
(Australia, Japan, China and Vietnam). Taking into consideration
the dangerous connection between weight gain and diabetes,
weight gain has to be closely monitored.

As far as France is concerned, we have relatively recent data.
You can see the prevalence of diabetes and obesity according to
reliable studies in terms of methodology. The pink histogram
shows obesity. Data for 1980 and 1991 come from INSEE
decennial surveys on medica goods consumption. Next data
were taken from OBEPI surveys. Fundamental characteristics
are similar for both types of surveys: it makes sense to compare
these studies. Figures should not be taken for granted, since these
surveys are based on individua declarations. When you ask
people about their weight, they actually tend to minimiseit: these
figures thus stand for minima. We can see that obesity has grown
from 6.1 % in the 1980s to 6.5 % in 1991, 8.5 % in 1997 and
10.1 % in 2000. Almost 12 % of the participants in 2003 have a
BMI that exceeds 30.

In parallel, diabetes is shown on the blue histogram. 1980 data
come from an INSEE survey asking, “do you have diabetes ?’
(2.3 % answered yes) and “what type of treatment are you on ?’.
For 1988, 1992, 1994, 1998 and 2000, data were taken from
surveys made by the CNAM (Caisse Nationale d’' Assurance
Maladie), either among randomly picked samples the whole
population covered by the National Insurance System in 1998
and 2000. The number of diabetic subjects has grown from 1.3
% in 1980 to 2.96 % in 2000, and to more than 3 % nowadays.
These figures encompass only type |1 diabetes, treated with oral
hypoglycemic agents. They do not give any indication on diet,

since information is based on prescriptions. Since diabetes is
treated with specific medicines, we can assume the disease’'s
prevalence thanks to reimbursement records. If we take into
account the number of diabetic subjects treated with appropriate
diet or insulin, the rate of prevalence amounts to nearly 3.5 %.

Prevaolence of obesity in adults (BMII 30]
and TZDM in France 19B0-2003 .

1L

This is what is happening in France. There is an obvious
paralelism between obesity and diabetes evolution,
notwithstanding the influence of population aging on the
evolution of the rate of diabetes.

In a study targeting Northern American health professionals,
subjects with a normal BMI (<22) were compared with obese
subjects (BMI over 35). Results show that obesity essentially
increases the risk of diabetes (odd ratio of 40 for men, 30 for
women). For other diseases, such as vesicular calculus,
hypertension, coronary diseases, hazard increases by 2 to 4 times.

The Widening Circle

| would like to conclude with a“ national” dlide that will introduce
the debate on diseases and their interrelations. It is about Obelix
asking “What is wrong with my weight anyways ?’. Obelix is
growing bigger and heavier: this has to do with genetics as much
as with lifestyle (physical activity and diet). The way we eat and
what we eat intervene in all biological pathologies associated
with android obesity, which is at the crossroad of cardiovascular
diseases (main cause of death in our countries), hypertension,
dydlipidemiaand diabetes. Obesity, notably the android type, may
be the first noticeable sign associated with insulin-resistance.
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The global pandemic of “diobesity”

Jacob C. SEIDELL
Free University of Amsterdam, Faculty of Earth and Life Sciences and VU University Medical Center (VUmc), Van der Boechorststraat 7,
1081 BTAmsterdam, The Netherlands

Thank you for inviting me and for the very nice introduction to
this morning’s session. You will probably see some of the slides
again, but maybe in adlightly different context. | will talk about
the prevalence of diabetes and obesity, but because they are so
tightly linked, people have coined different names for the
association between the two. “Diabesity” was coined in the
1980s. People now think that because obesity is the principal
thing, “ diabesity” might be the correct term to use for this cluster.
It al happens because of our change in lifestyle from the early
ages to the present day. You have al seen these kinds of figures
before; it is our evolution into very strong and muscular men.

In terms of an obesity epidemic, thereis certainly an epidemic of
media attention to this problem. Thisisjust a recent three-month
period and we see there are a number of media stories about
obesity in the genera media It is quite clear that there is
overwhelming attention to this problem. Thereisnot much more
news here compared to here, but increasing attention is certainly
being paid not only by the mediabut by poaliticians, the European
Union, the WHO, FAO and other organisations.

Thisisto show you what we know about obesity, the prevalence
of obesity and how littlewe know. Thisisjust an example. These
are data from the United States, which most of you have seen, and
they are two nationally representative studies. Oneisthe survey
on the behavioural risk factor in men and women from the United
States, where you can clearly see that thereis an increase in
obesity. These data were presented by Professor Eschwege.

These are telephone surveys, where people reported their height and
weight. The other ones are the national health and nutrition
examination surveys, which are now continuous. Y ou can see here
that these are also nationally representative but here, people have
measured the weight and height of respondersin the survey. There
is an enormous gap between the two estimates. Y ou can seefirst of
al that there is much more obesity in women: 25% in 1991 compared
to 12% in the self-reported heights and weights. In early 2000,
amost one in three American adult women were obese when you
measure heights and weights. Thistellsusthat alot of the surveys
we have been using in Europe to estimate the preval ence of obesity
are probably wrong. We do not know how wrong they are, but it
could be very seriousin underestimating the problem of obesity.

This is to show you what a country could do. The United
Kingdom has the best prevalence data in Europe on obesity.

They have annua surveys of large numbers of nationally
representative responders, and they measure heights and weights
in people’ shomes. They first did this every five years or so, but
now they do this annualy and you can see this epidemic
unfolding. The prevalence of obesity in the United Kingdom is
presently somewhere around 25%, which is much higher than
any of the other surveys have ever shown it to be. If you look at
the surveys of reported heights and weights, you will see that the
prevalence of obesity in the UK would be somewhere between
10-15%. So surveys are a bit useless for looking at this epidemic.
Maybeit is useful to look at trends, but it is certainly difficult to
compare countries and it is very difficult to have exact estimates
of obesity. What | am saying here is that we probably grossly
underestimate the prevalence of obesity. | havetried to see how
many countries actually have good data on this and we have tried
to improve them also.

We have done thisin the Netherlands. One of the slides that
Professor Eschwege showed you is that the Netherlands has the
lowest prevalence of obesity in Europe. Well, | am not sure if that
istrue. These are self-reported heights and weights, and we clearly
have a prevalence here of around 10%, which issimilar to France,
| think. Here, however, we have measured heights and weightsin
5000 of the people that were asked to report their height and weight
annually, and we know that we have to add at least 3% or 4% in
men and women to have the actual prevalence. So we probably
have a prevalence close to 15% rather than under 10%. Itisjust an
example of how mideading these self-reported heights and weights
can be. This is especidly true because obesity is aso an
increasingly lower socia class problem.

These are again data from the Netherlands, but they are shown
almost everywhere in Europe. What we have seen from analysis
of the Monica study, in which they have repeated surveys of
obesity and educational level over time, is that the gap between
lower and higher social and economic classes is widening over
time. So it becomes an increasingly lower social class problem
with increasing problems of underreporting.

Another thing that is usually not shown in these data is that we
have cut-off points, like 25 and 30, above which we look at the
prevalence of obesity. What is happening is that the BMI
distributions are changing over time. How large theincrease will
be depends on what cut-off point you take.

This is to show you data from the Netherlands, these are
measured heights and weights and you can clearly seethat if you
look at the median BMI, there is not much change, but the
biggest change is there in the higher percentiles of BMI. Thisis
more clearly shown here in the United States, where they have
used the behaviour risk factor survey studies, and if you look at
the BMI over 30 you can see a doubling over time from 1986 to
2000. However, when you use higher cut-off points, the
percentage of increase will be much higher. For instance, when
you use a BMI over 50, you have an amost a five to six-fold
increase in the prevalence of obesity. So it really depends where
you take the cut-off point in terms of the increase. What you see
isthat with every doubling of the prevalence of obesity —and the
doubling of the prevalence of obesity say from 10% to 20% is
possible by a two-unit increase in average BMI — there is a six-
fold increase in massive obesity. Thisis leading to all kinds of
problems, especialy in the United States. This is from CNN
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where they recently showed that the health-care system is unable
to cope with these massive increases in grossly obese people
because the medical system is unable to work with them: the CT

scans do not fit, the blood pressure devices are not large enough,

the nurses are not strong enough to lift patients, the stretchers are
not strong enough to carry these obese people and there are al

kinds of problems. Because there is such a rapid increase in
massively obese people, the health care system is undergoing
very serious problems indeed.
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| am talking about the global prevalence of obesity: thisis not
just an isolated problem, we see it almost everywhere. Thisis
data from the most recent studies in Australia and they all
show that there has been an escalating increase in the
prevalence of obesity over time. Thisis also shown almost
everywhere in Europe. There has been a sort of levelling off
in Finland, but here also you can see that the actual prevalence,
as opposed to what we have seen from the survey data, is
actually close to 20% of the adult population. Thisis eastern
Finland, where they have measured heights and weights, but
self-reported heights and weights from the rest of Finland are
very similar, so it isvery likely that these are real prevalences
for the rest of the country. Germany also has a prevalence
close to 20-25%, so one in four Germans are obese. There has
been some sort of emancipation, | would say, from east to
west. They have grown together. Eastern Europe used to have
much higher prevalences than Western Europe but they are
now very similar, probably thanks to the reunification.

What you generally see across the world is a rapid shift from
underweight problems, as you see here, to overweight problems
in countries that are still considered to be devel oping countries or
countries undergoing economic transition. You will hear much
more about this during this conference.

Take another example of obesity. Obesity in childrenin Chinais
doubling every three years. These countries are experiencing a
very rapid escalation of the problem of obesity. This is not
obesity, but overweight, but here you can also clearly see there
are increases in both rural and urban China. These are old data,
but it is clearly also the result of rapidly changing lifestyles:
these are the same streets just fifteen years apart.

If we want to understand something about these differences in
prevalence, we can of course look at nutritional data. They are
very difficult to compare, they are unreliable and not systematic,
but there are some data that can realy be expressed very
confidently. Some of these have to do with transportation.
These are actually good data. These are al the trips of 10
kilometres and less, and you can see that almost half of these are
done by walking and cycling in the Netherlands. It is much less
in the UK, and almost nobody cycles in cities in the US, unless
you are suicidal, and very few people walk. We have these data
from amost every country in Europe because transportation is

something that is measured very precisely and time used for
transportation is also measured very precisely. You can actually
explain aimost all the differences between countries in Europe.
There are al so other things to consider, of course.

| am skipping this slide because we have already seen that diabetes
is aso going to be the massive problem in the rest of the world.

These are aso self-reported data from the United States. Here
you see the low prevalences in the 1980s and the very high
prevalencesin 2001, and exactly the same is happening with type
Il diabetes. These epidemics are unfolding in avery similar way
and amost at the same time when you look across countries.
Thisis because of the very tight correlation between obesity and
diabetes. These are the nurses health study and health
professiona studieswith different follow-ups. It seemsthat men
and women have very different risks, but they are very similar
when you actually take the same follow-up. When you take the
women here the BMI/diabetes relationship is very rapidly
increasing. As epidemiologists, we are always very happy to
look at relative risks of about two or three, which we think are
high, but here you can see that compared to BMIs of under 22, a
relative risk of somebody with a BMI of 25 is already ten times
higher compared to the one with alower BMI. Thisisescalating
very rapidly and coming up with relative risks around 100 when
you have reached BMIs over 35. Remember that this is the
group of people that isincreasing most rapidly.
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This is to show you that we are aso seeing this in the
Netherlands. These are BMIsunder 25. These are people age 55
and older in a representative sample of a population in a city,
Hoorn, north of Amsterdam, which is actualy quite
representative of the rest of the Netherlands in terms of
socioeconomic class. Here also you can see that if you look at
impaired glucose tolerance and diabetes and you add these two
together, the percentage of people with a norma glucose
tolerance is actually much reduced in those with obesity. Thisis
the attributable risk of obesity, the percentage of diabetes that
could be prevented if people did not have the risk factor. For
instance, about 40% of diabetes could be prevented if nobody
had aBMI over 35. If you add all of these up, you can actually
come to very high estimates of the attributable risk.

Thisisfrom the Harvard study — maybe you will hear more about
this on Saturday, | am not sure. If you have people who are
eating healthily, are not overweight, are exercising, are non-
smokers and drink moderately, then actually 90% of the cases of
type |l diabetes could theoretically be prevented. You can see
that they have only a tenth of the risk compared to people who
do not have these characteristics. Unfortunately, and thisis quite
clear in the US but it is probably the same here, only less than
four percent of all of the women in the nurses' health study
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adhere to al of these five risk factors. This is clearly a very
powerful way of looking at this.

Apart from obesity, of course, we will be looking at many of the
dietary risk factors in this conference. There is much more to
type |l diabetes than obesity, of course. The point to be madeis
that thisisjust our average, middle-aged European man. We see
that there is not just diabesity, obesity in diabetes, but there is
more. There is insulin resistance in type |l diabetes, and also
dydipidaemia and hypertension and low-grade inflammation,
and of course thiswill end in cardiovascular disease.

We need to look at metabolic syndrome, as we will hear more
about it in this conference. We have tried to calculate all the
different definitions, because when we find something
interesting, alot of people make different definitions. Thereis
the American Heart Association definition of metabolic
syndrome, the World Health Organization definition of
metabolic syndrome, the European Group for the Study of

we looked at the prevalence of people who have metabolic
syndrome according to these different definitions, and they
vary from 19-32% in men, and 16-26% in women. Y ou can
see here that most of the men have this syndrome, but here it
isthe lowest prevalence. Thisis of course aproblem, but it is
also a problem if it predicts heart disease differently, and
clearly that is the case. If you compare, for instance, the
relative risk of all cardiovascular disease, it is quite clear that
the American Heart Association gives different risk estimates
for cardiovascular disease compared to the WHO and the
EGIR definitions.

My summary isthat obesity israpidly increasing in most parts of
the world — the only exception is Sub-Saharan Africa, as far as
we know — but we underestimate the problem in Europe
enormously by using questionnaire data of very poor quality:
low response rates, self-reported heights and weights, etc.
Diabetes incidence is closely related to this, rapidly following
the obesity epidemic, and diabesity has amarked effect on global

Insulin Resistance (EGIR), and there are a couple more now.  health.
They are all different in terms of how you define metabolic

syndrome. |t makes a big difference. In this population study,  Thank you very much for your attention.

—Questions

Member of the audience

When you showed the slide from the Harvard study with the main characteristics of avoiding the risk of diabetes, you talked about
moderate consumption of alcohol. However, your slide shows “ above or equal to five gramsa day” for alcohol. | ask this question
because the consumption of alcohol aswine hereisa great problem. | amwondering if your moderate alcohol consumption is above
five grams a day or if it was a mistake.

Jacob C. SEIDELL

No, it is above five grams a day, but five grams a day is very little. Thisis due to the nature of the Nurses Health Sudy. Generally
we say one or two drinks a day, which | think is equivalent to the European way of saying this. In the nurses health study, alcohol
consumption was very low, so these are people in the highest quintiles and the upper 20% of the intake was over five grams a day.
Thisisvery low. Intakes of over two glasses a day were almost non-existent.

Member of the audience
Yes, | agree with that but if you write “ above five grams a day” , where is the limit?

Jacob C. SEIDELL
Yes, | should add that moderate alcohol intake means between 5-15 grams or so.

Member of the audience

Thank you. You have some very alarming statistics. Can | ask you about the data you showed on walking and cycling in the European
countries and in the US which are very revealing. You made the statement at the end that the differences in the number of journeys
taken by foot or by bike could account for most of the differences in obesity between countries. Do you stand by that statement? |s
it the case that dietary intake is less important?

Jacob C. SEIDELL

No, | am not saying it is less important. When you look at all of the differences, and also the time trends in transportation and
television watching for instance, they are extremely important in terms of energy balance. | am saying this because the surveys never
usually include walking and cycling and things like that as being physical activity. They focus on sports participation and all kinds
of strenuous physical activities. These are data calculated for 365 days of the year on average, so thisis a continuous thing. If you
see how many trips of 10 km and less are made over the year and you calculate this in terms of energy balance, then it is clear the
gap between most of the European countries and the US s disappearing very rapidly. Between the UK and the Netherlands, it is
almost gone when you correct for potential effects on energy balance by transportation. | amjust saying that thisis an ignored field
as a determinant of obesity and we are staring at poorly measured dietary quality data across Europe and trying to find the
determinants of obesity while there might be other completely explanations.
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The global pandemic of “diobesity”

Member of the audience

I have a question. You have nicely shown that the prevalence of obesity isincreasing in every country, but of course we arereferring
to the adult population. Isit the samein children? Because the preventive strategy is not the same if obesity beginsin childhood as
itisif it beginsin adulthood,.

Jacob C. SEIDELL

Absolutely. | have not shown them here because | thought they would be shown elsewhere during the programme, but the childhood
obesity figures are even more alarming because they are escalating even morerapidly than in adults. In terms of the social gradient,
we see that it is also increasing much more, the gap there is widening earlier in children than it isin adults. We can project from
thisthat we will not see the end of the epidemic in adults for along timein any of these countries, because there istracking of obesity
by age during the course of their lives. The strongest increase is in children who are now between 6 and 12. In adolescence, the
increase isless steep than in younger children. So the steepest increase isin children aged 6-12 years, of primary school age. They
will be adultsin 20 years'time and we will see the impact of that on the prevalence in adults also.

()

Jacob C. SEIDELL

If I understand you correctly, what you are saying is that obesity and diabetes have the same causes in diet and physical activity. Of
course thisistrue. It isimpossible to look at the impact of obesity while maintaining a constant physical activity and diet. That
would be nice. There have been experiments in trying to overfeed people to see how diabetes develops independently of changesin
behaviour, but it isimpossible. Lifestyle and obesity are so tightly linked that it is impossible to correct for this. You are absolutely
right in that there is the common soil hypothesis that it is the underlying lifestyles which are related to both. In addition, obesity is
contributing on top of that, independently, to the occurrence of diabetes.

EGEA 2004 — SESSION 1



SESSION 1 : Obesity and diabetes : two multifactorial diseases

From obesity to type 2 diabetes :
the interplay between insulin resistance and
iImpaired insulin secretion

AndréJ. SCHEEN

Faculty of Medicine, University of Liége, Division of Diabetes, Nutrition & Metabolic Disorders, Department of Medicine, CHU Sart
Tilman, Liége, B-4000, Belgium

Thank you, Mr. Chairman. | would like to thank you for inviting
me to participate in thisinteresting symposium. | have been asked
to make a presentation about the very close relationship between
obesity and type 2 diabetes, and to share some elements of
pathophysiology with you which are particularly useful in
providing an answer to the last question asked by our colleague :
why does obesity predispose to type 2 diabetes ?

Following abrief introduction, | propose to divide my presentation
into two main parts. Thefirst part will concentrate on mechanistic
issues, and will attempt to explain the reasons why an excess of fat
tissue can contribute towards type 2 diabetes, as aresult of the so-
called “lipotoxicity”. As the concept of lipotoxicity is becoming
more and more complex, | will divide thisfirst part into three sub-
sections. The role of non-esterified fatty acids, whose importance
has been stressed for many years, will be discussed aswell asthe
emergence of two new paradigms over the last two or three years
: the excess of triglycerides stored in places other than in the
adipose tissue (in the liver, in the skeletal muscles and in the beta
cells of the pancreatic idets), and the important and now
acknowledged role of adipocytes as endocrine cells, prone to
release a series of adipokines or adipocytokines which can
interfere with the metabolism of glucose.

The second part of my presentation will be devoted to the very
close relationship between insulin secretion and insulin resistance.
Itiswell known that type 2 diabetes is a disease combining these
two abnormalities, and it will be shown that thereis avery close
link between them. This part of my presentation will also be
divided into three sub-sections. | will first discuss the so-called
“Starling curve” of the beta cell, which was emphasized by De
Fronzo, and reconsidered by several authors over the last few
years. Afterwards, | will discuss the hyperbolic relationship
between early insulin secretion and insulin action. Finaly, | will
end my presentation by describing how to influence the natural
history of type 2 diabetes.

This slide was aready shown by Professor Seidell a few minutes
ago: it underlines the extremely strong relationship between the
prevalence of type 2 diabetesin men and women, on one hand, and
the body massindex (BMI), on the other hand. As demonstrated
by our Co-President, Ms Eschwege, in her introduction thereis not
ashadow of adoubt that amongst al the co-morbidities associated
with obesity, diabetes presents the greatest relative risk. In addition
to the BMI, there is another parameter that should be considered,
namely the distribution of fat mass. For along time, this has been
evaluated by the well-known waist to hip ratio. This study,
completed in Scandinavia almost twenty years ago, was carried
out on men who were followed over a period of 13 years. It
demonstrated that the risk of developing diabetes increases
according to both the BMI and the distribution of fat tissue. The
highest risk was found in men who became overweight and alsoin
whom the excess fat tissue was mainly distributed in the
abdominal region (increased waist to hip ratio).

Perhaps younger participants to this symposium are not aware that
it was Professor Jean Vague, father of our current President, who

back in 1956, was one of the first to draw our attention to the
extremely close relationship that exists between android obesity
and other risks that are now acknowledged in the metabolic
syndrome : gout (corresponding to an increase of uric acid levels),
diabetes mellitus, and cardiovascular disease. At that time, he
probably did not suspect that the so-called metabolic syndrome,
closely linked to abdominal obesity, would become amajor public
health problem 50 yearslater. It is no longer the waist-hip ratio that
istaken to be the most representative parameter of this relationship
with the distribution of fat tissue, but rather the waist
circumference, which bears a closer link to the distribution of
intra-abbdominal (perivisceral) fat tissue as assessed with a sagittal
plane scan. Male and femal e subjects with waist circumferences of
greater than 100 cm and 90 cm, respectively, are a avery high risk
of developing type 2 diabetes, metabolic syndrome, and aso
cardiovascular diseases.

Itismy task to try to explain how obesity can predispose to type 2
diabetes. Obesity is partially triggered by genetic factors, but it
also depends on obvious environmental factors. The relationship
between obesity and type 2 diabetes occurs through insulin
resistance, since obesity is clearly associated with decreased
insulin sensitivity. Fortunately, type 2 diabetes does not occur in all
obese people, even if they are massively insulin-resistant. In order
for them to develop type 2 diabetes, there has to be a second
abnormality, namely a defective insulin secretion. It is the
combination of these two abnormalities, insulin resistance and
deficiency of insulin secretion, which contributes towards type 2
diabetes. As obesity, type 2 diabetes involves a genetic
predisposition (clearly shown by afamily history) in addition to
environmental factors (poor lifestyle habits). All clinicians know
that type 2 diabetesis a disease that evolves over time: thereisa
vicious circle that is aggravated by glucotoxicity. Hyperglycaemia
in itself enhances insulin resistance and desensitizes B-cell to
glucose. Such phenomenon has also been documented over the
last few years as far as lipotoxicity is concerned, a more recent
concept which | am going to discussin further detail over the next
few minutes.

Type 2 diabetes is a disease which, unlike type 1 diabetes, has an
extremely complex pathophysiology. It may be considered as a
bipolar disease, which combines two defects: a partial defect in
insulin secretion (insulin secretion still occurs but it is defective as
far as both kinetics and total release are considered) and insulin
resistance at different tissue levels (in the liver, muscles and
adipose tissue). Confronted to insulin resistance, the beta cells
should be able to secrete more insulin, but they are no able to do
so because of genetically impaired function in predisposed
subjects : type 2 diabetes develops progressively from this
moment on. The graph on the right hand side of the dide showsthe
presence of insulin resistance early in the natural history of the
disease. At first, the beta cell is capable of compensating for it,
maintaining a secretion that is adapted and remains more or less
within the normal limits or is even increased. Once it has started to
weaken, hyperglycaemiawill occur, generally between 40 and 50
years of age. Unfortunately, given the early obesity in children and
infants, American paediatricians are seeing even more adolescents
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with type 2 diabetes than with type 1 diabetes, and we will come
back to this point later in this symposium. This observation would
have been absol utely incredible about twenty years ago.

Following that introduction, we are now going to focus on the
issue of lipotoxicity. Given the timethat | have been allowed, we
will address three problems, one by one: the role of non-esterified
fatty acids, the role of ectopic fat stores, i.e. the storage of
triglycerides in areas other than in the usual place whichisin the
adipose tissue, and issues related to adipocytokines.
Pathophysiology has been dominated over the last two decades by
the fact that when there is an excessive amount of adipose tissue,
an excessive release of fatty acidswill occur. These fatty acids are
able to compete with glucose at the level of the skeletal muscle, as
emphasized in the famous Randle theory : if the muscle is
confronted with alot of fatty acids, it will use these
substrates as energy fuel and use less glucose.

Similarly, if the liver receives alarge amount of fatty
acids and glycerol coming from lipolysis, it stimulates
certain  metabolic  pathways, in particular

gluconeogenesis, and increases its glucose production.
This creates a situation where there is excessive
production of glucose by the liver and a decreasein
uptake of glucose by the muscle: both factors
obviously can lead to hyperglycaemia. The excess of

fatty tissue leads to the release of excessive amounts
of fatty acids. More particularly, it isthe visceral fatty
tissue, which is very sensitive to lipolytic hormones,
which releases these fatty acids. Thus, on one hand,
these fatty acids cause reduced peripheral utilisation of
glucose by the muscle, and on the other, increased
hepatic production of glucose by the liver. However,

in addition to these well-known processes, a third
effect has been described morerecently asit was
shown that the chronic excess of circulating fatty acids
leads to toxicity at thelevel of the beta cell and reduce
insulin secretion. Therefore, excess free fatty acids may contribute
to explain three main abnormalities that initiate and aggravate type
2 diabetes, a concept known as lipotoxicity.

There is a second concept, in addition to that of the increase in
fatty acids, which hasjust been put forward. In an obese subject
who has a positive energy balance, the excess calories will be
stored as triglycerides, especiadly in the adipose tissue, but dsoin
other tissues which were not originally intended for the storage of
triglycerides: the skeletal muscles, the liver and the pancreas. This
famous triumvirate has aready been mentioned. The accumulation
of triglycerides aggravates insulin resistance at the level of the
muscles and the liver, and also contributes to the perturbation of
the beta cell. We now know that these triglycerides significantly
disrupt the function of these organs and contribute towards insulin
resistance and beta cell impairment.

The third paradigm, which appears more and more important,
concerns the secretory capacity of the adipocytes. Adipose tissue
is not only an organ for storing triglycerides in case of energy
excess, but is capable of secreting a multitude of various factors
(hormones, cytokines, and inflammatory factors). The role of
adipocytokines has been well-demonstrated over the course of the
last few years. Leptin is awell-known adipocytokine, but itsrole
in relation to type 2 diabetesis not yet fully understood. In any
case, it would seem to be less important than we expected almost
afew years ago, at least in humans. Other cytokines seem to play
amore important role: TNF alpha (and possibly resistin), whichis
secreted in excessive amount in the obese subject, and
adiponectin, a cytokine whose secretion is decreased when
adipocytes are enlarged as in obese subjects. Adiponectin has
become a very popular topic over the last two or three years, and
there are now dozens of papers published every month about
adiponectin. When adipocytes are filled with high amounts of

triglycerides, they secrete less adiponectin. It is acknowledged that
adiponectin can play an important metabolic role: for example, it
is effectively capable of stimulating the muscle to utilise glucose.
If an adipocyte secretes |ess adiponectin, the uptake of glucose by
the muscle, and therefore muscular sensitivity, is reduced. Thisis
what happens in the obese subject. Conversely, TNF alpha, a
cytokine which usually inhibits the utilisation of glucose by the
muscle, is over-expressed in the obese individual. Therefore, these
two cytokines interplay in a manner that is extremely disturbing
for the glucose metabolism, as the obese subject has less
adiponectin and more TNF alpha: these conditions are ideal to
induce aresistance to glucose utilisation, especially in the muscles.
The same dynamic occurs at the level of the liver, especialy with
regard to the production of very-low-density lipoproteins (VLDL)
and triglycerides.

ADIPOCYTES AS ENDOCRINE CELLS

Hesistin

We can conclude thisfirst part of my presentation by saying that
lipotoxicity is becoming avery hot topic. It has moved from a
quite simple issue (increased free fatty acids) towards a much
greater complexity (ectopic fat stores and disturbed secretion of
adipokines). What so ever, increases in the amount of fat tissue set
aseries of factorsin motion, which are fundamentally disturbing
to the glucose metabolism. These factors particularly disrupt
insulin secretion and insulin action. During the second half of my
presentation, | will explain the close interrelation between these
two parameters.

We have aready seen that type 2 diabetesis a bipolar disease : it
cannot be explained, interpreted, and treated unless two
abnormalities are taken into account, one of which is at the level

of the betacell in the pancreas, and the other, relating to the tissues
at the peripheral level. Robert Turner convincingly demonstrated
25 years ago that hyperglycaemiain the diabetic subject had to be
interpreted according to the level of insulin resistance and the level
of beta cell deficiency. Individuals with maximum levels of both
insulin resistance and beta cell deficiency have the most severe

hyperglycaemia.

Again, this second part of my presentation will be divided into
three sections. In thefirst section, | will discuss the Starling curve,
as originally proposed by De Fronzo. De Fronzo studied glucose
and insulin responses during oral glucose tolerance tests
performed in a range of different subjects (normal lean non
diabetic obese subjects, obese subjects with impaired glucose
tolerance, diabetic obese subjects, etc.). These subjects
demonstrated a progressive increase in glycaemiain the fasting
state according to the degree of severity of the diabetes. When
measuring the uptake of glucose during a euglycaemic
hyperinsulinaemic glucose clamp, the glucose mass taken up by
the skeletal muscles progressively decreased as fasting glycaemia

EGEA 2004 — SESSION 1



From obesity to type 2 diabetes : the interplay between insulin resistance and impaired insulin secretion

increased, suggesting a progressive decrease in insulin
action. When analysing insulin responses (assessed as
the area under the curve during the first 180 min after
the glucose load), there was an excessive production
of insulin in obese subjects with normal glucose
tolerance, with impaired glucose tolerance and even
with mild diabetes mellitus. Insulin secretion
deficiency only developed much later when obvious
hyperglycaemiais already present. Thisis what De
Fronzo called the Starling curve of the B cell, drawing
aparalel with the Starling curve described for heart
function : at first, an adaptation mechanism can be
observed, which is followed by decompensation. For
along time, this curve was interpreted to support the
statement that type 2 diabetesisfirst and foremost an
insulin resistance disease, and that the failure of
insulin secretion is only a secondary and late event.
However, this curve needs to be re-examined, as De
Fronzo's interpretation, now approximately twenty
years old, is oversimplified as it did not take into
account the kinetics of insulin secretion.

Here are presented personal data, which show
exactly the same phenomenon as described by De
Fronzo : the area under the insulin curve (AUC)
during 180 minutes of an OGTT was measured in
a range of subjects (thin, obese with normal
glucose tolerance, obese with impaired glucose
tolerance, diabetic patients with various severity
classified according to fasting glucose levels).
Again, the Starling curve is perfectly apparent,
but this mode of presentation does not take the
corresponding glycaemia into account. If asimple
correction is made by dividing the insulin AUC by
corresponding glucose AUC over 180 minutes, it
can be seen that the obese subjects with normal
glucose tolerance are, in fact, the only individuals
capable of compensating completely, but obese

Starling curve revisited :

results during an OGTT in various groups of subjects
Importance of kKinetics of insulin response (30 versus 120 min)
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subjects with impaired glucose tolerance already
showed an early beta cell failure. Thus, a simple
correction of the area under the insulin curve/area
under the glucose curve, allows this early failure
of the beta cell to be evidenced.

Moreover, Gerich, another famous investigator in the field of
insulin resistance, demonstrated that it is very important to
study the dynamics of the beta cell response. On examination
of the insulin response at the 120th minute of the OGTT, the
Starling curve, as proposed by De Fronzo, is clearly visible. But
when examining the early response in insulin, measured at the
30th minute of the OGTT, it can be seen that as soon as the
glycaemia increases, there is an immediate failure of the beta
cell. The beta cell isincapable of exhibiting an early-phase
insulin response. This early insulin secretory defect can be, at
least partially, compensated for if the beta cell is stimulated by
hyperglycaemia, but it can easily be detected when appropriate
correction for ambient glycaemia is performed as aready
mentioned. De Fronzo now acknowledges this approach, and
just last week published in the journal “Diabetologia’, in
collaboration with the group of Ferrannini, the same type of
relationship, although they went even a little further in the
correction. Indeed, they divided the so-called insulinogenic
index (deltainsulin/delta glucose in the first 30 min of the
OGTT) by the corresponding individual insulin resistance index
measured in each subject during a glucose clamp. When the
relationship between the insulin secretion in the OGTT and the
resistance is examined, as the fasting glycaemia or the
glycaemiatwo hours after a glucose load increases, thereis a
linear reduction in the insulin secretion, again demonstrating an
early failure of B cell.
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This brings us to the second half of the presentation, namely
the hyperbolic relationship between insulin secretion and
insulin sensitivity. You have aready understood that it is
impossible to analyse insulin secretion without taking into
account the sensitivity of the tissuesto insulinin paralel.
Richard Bergman and Steve Kahn definitely proved that there
is a hyperbolic relationship between these two parameters. By
measuring the sensitivity to insulin during a glucose clamp or
by using the SI index derived from the intravenous glucose
tolerance test (IVGTT), a hyperbolic relationship becomes
apparent between the acute insulin response (AIR : measured
during the first 10 min of the IVGTT) and the insulin
sensitivity index (SI). Amongst lean and non diabetic subjects,
there are subjects who are hypersensitive to insulin
(sportsmen/thin women), and these people maintain a normal
glucose tolerance level with a relatively weak insulin
secretion. Because of a genetic abnormality, some subjects are
more or lessinsulin resistant, but are perfectly capable of
stimulating insulin secretion, and thus they maintain a normal
level of glucose tolerance. Obese non diabetic subjects are
known to be insulin resistant, but are capable of secreting large
amounts of insulin to compensate for such insulin resistance.
In contrast, obese subjects who develop type 2 diabetes are
insulin resistant but are not able anymore to adjust their insulin
secretion, and the beta cell will be partially defective relative
to obvious insulin resistance.
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This hyperbolic relationship between AIR and insulin sensitivity
was emphasized by Steven Kahn in arecent review published in
the journal “Diabetologid’ : normal subjects are distributed on a
curve between percentiles25 and 75 % (normal range). Non
hyperglycaemic first-degree relatives of subjects with type 2
diabetes have already an inappropriately low insulin secretion,
Subjects with impaired glucose tolerance are also insulin deficient
relative to insulin resistance, as are women with a polycystic ovary
syndrome or having formerly had gestational diabetes, and also
€elderly subjects. Among al these subgroups, the subjects with type
2 diabetes are the most insulin deficient: they are located the
furthest to the left and at the bottom of the hyperbolic curve.
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This phenomenon has been described in alongitudinal study
performed in Pima Indians from Arizona, where the subjects who
will not, in spite of their obesity, develop type 2 diabetes are the
ones whose AIR increases along the hyperbolic curve. The more
that they are insulin resistant, the more they are capable of
adapting their beta cells by secreting more insulin and thus
maintaining normal glucose tolerance. Conversely, the beta cells
of subjects who will develop areduction in glucose tolerance and
then type 2 diabetes are not capable of adapting insulin secretion
with regard to this insulin resistance, most probably for genetic
reasons. Thus, the beta cell defect plays a maor role in the
development of type 2 diabetes. Most of you are certainly aware
of the UKPDS study, carried out in Great Britain. At the present
time, it isthe only extensive prospective study concerning type 2
diabetes. The study followed both obese and non obese subjects
with newly diagnosed type 2 diabetes for about 10 years. The
function of the beta cell was measured annually using the HOMA
model in patients treated by diet only, or by various
pharmacological agents (sulphonylureas, metformin or insulin).
Gradually over the years of surveillance following discovery of
type 2 diabetes, the function of the beta cell progressively
worsened, irrespective of the treatment administered. The
progressive dysfunction of the beta cell largely explains the
deterioration of blood glucose control as assessed by the
progressive increase in glycated haemoglobin, whatever the
treatment considered. Everyone now agrees upon the fact that this
metabolic breakdown can be attributed to the deterioration of the
beta cell rather than to aworsening of tissue insulin resistance.

| would like to finish thislecture by sharing with you some
personal data. We carried out a glucagon test by injecting 1 mg of
glucagon intravenously, and we determined the concentration of
plasma C-Peptide at baseline and after stimulation, i.e. 6 minutes
after the glucagon injection, as a measure of insulin secretion. In
addition, we measured the insulin sensitivity of each subject using
aeuglycaemic hyperinsulinaemic clamp, the gold standard method
to quantify insulin resistance (essentially at the muscular level

where it is expressed by a significant reduction in the insulin-
mediated glucose uptake). Healthy lean subjects secrete sufficient
amount of insulin to adapt perfectly to their insulin sensitivity :
they are plotted above the dotted lines which represent subjects
with normal glucose tolerance. Obese subjects with normal
glucose tolerance are characterized by reduced insulin
sensitivity, but they have adapted their insulin secretion
perfectly. They secrete more insulin to compensate for insulin
resistance and keep normal glucose tolerance. If obese subjects
develop non insulin-requiring diabetes (namely, hyperglycaemia
is rather well controlled with oral antihyperglycaemic agents),
they are much more insulin resistant, and their beta cells should
have adapted to compensate for this insulin
resistance. However, they areincapable of doing this,
and beta-cell exhaustion is already underway: insulin
secretion is reduced. Finally, obese type 2 diabetic
patients who will require insulin therapy have the
same severity of insulin resistance, and this evolution
to insulin requirement is amost exclusively caused
by the breakdown of insulin secretion. Generaly
speaking, the same phenomenon is observed in non
obese subjects, except that their insulin resistance is
lower, and the compensatory insulin secretion is less
pronounced as compared to obese subjects.

I' eull fumriiem {5

In summary, the natural history of type 2 diabetes can
be summarized in the following way. Both genetic and
environmental factors could lead to insulin resistance
and secondary mild hyperglycaemia, forcing the beta
cell to compensate for in order to maintan

normoglycaemia : this results in a paradoxical

hyperinsulinaemia which allows to maintain normal

glucose tolerance. Even mild failure of betacell is
sufficient to contribute to impaired glucose tolerance and a further
defect in insulin secretion results in type 2 diabetes whose severity
increases with the progressive failure of beta cell function.
However, in some cases, there is probably a genetic defect of the
beta cells which can lead to hyperglycaemia even in absence of

severe insulin resistance.

What can be done to interfere with this natural history of type 2
diabetesin presence of obesity ? In my fina dides, | am going to
introduce the topics of the next presentations. Obviousdly, it is
crucid to recommend healthy lifestyle, with limited caorie intake
and regular physical exercise, in order to prevent or treat obesity.
Professor Vague will show you the results of afew recent studies
which demonstrated that lifestyle changes could reduce the
incidence of type 2 diabetes by almost 50% in patients with
impaired glucose tolerance. If these interventions at the nutritional
and life style level are not sufficient, the insulin secretory defect
and the insulin resistance can be treated using a series of
pharmacological agents. These medicines can be used either to
treat type 2 diabetes, or even to prevent type 2 diabetes, and their
effectiveness has already been proven in several clinical trials.

It is obvious that modificationsin relation to life style, nutrition
and physical exercise are the basis of treatment both for obesity
and for type 2 diabetes. Lipotoxicity plays an important role,
because it can aggravate beta cell dysfunction and insulin
resistance, and induces a vicious circle which triggers the
metabolic deterioration. In the future, it will be necessary to
distinguish the relative roles of insulin resistance and beta cell
dysfunction from each other. This may help to correlate these
functional abnormalities with genes, thus providing an explanation
for this still mysterious disease. It will also allow to design new
pharmacological approaches for the treatment and prevention of
type 2 diabetes, a disease that is expected to show a pandemic for
the next few decades.

Thank you for your attention.
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—Questions

Philippe VAGUE

| would like to thank you for this brilliant and extremely clear presentation. We can now see that if the link between obesity and
diabetes is obvious and the result from the inability of the beta cell to adjust insulin secretion to the increased demand imposed by
excessive fat tissue and concomitant insulin resistance, the mechanisms linking all of these phenomena are more and more complex.
Does anyone have questions for Mr. Scheen ?

Member of the audience (Journalist)

With regard to therisk of diabetes, you set out limitsin terms of waist circumference : 90 cmfor women, and 100 cm for men. | presume
that these are not rigid limits. For example, if a subject is 1.9 meterstall and is 60 years old, a waist circumference of 100 cmis not
necessarily associated with a greater risk. Some older women do not have the same waist measurements as a young woman of 20
years of age. Therefore, adipose tissue is less important in this condition, even with a large waist circumference.

André SCHEEN

In fact, the figures that | mentioned (90 cm for women and 100 cm for men) are presented in a summarised form. In general, two
thresholds are identified : the first concerns a moderate risk, and has been defined as a waist circumference greater than 80 cm for
women and 94 cm for men, and the second threshold relates to a very high risk, defined as a waist circumference greater than 88 cm
for women and 102 cm for men. In order to simplify the relationship, some people prefer to round off the figures and indicate that the
risk is very high in men with a waist circumference greater than 100 cm and greater than 90 cm for women. These values are easy to
remember for students and practitioners. We know that the development of waist size varies according to age: men and women
(especially during the menopause) tend to become more portly at the abdominal level as they get older. The data would become
extremely complex if it was necessary to devel op age ranges by decades. Thefiguresthat | have given you apply to all adults, although
they may be subject to some adjustment according to ethnicity. They are not valid for children or for adolescents. Perhaps at a later
date, it will be necessary to develop categories according to age.

Besides, you emphasised that these figures could also depend on height. In fact, this parameter is not taken into account and waist
circumference as a risk factor is apparently not significantly influenced by subject’s height.

Eveline ESCHWEGE

I would like to add that we have to compare results of epidemiological research and results of clinical research. With regard to
epidemiology, it is much easier to develop clear classifications which make it possible to make comparisons across one or several
studies. As far as clinical studies are concerned, things are completely different, and | believe that the latest recommendations of the
American Association of Clinical Endocrinologists on the definition of metabolic syndrome are, from this point of view, reasonable,
as they provide some very clear limits. For the diagnosis of insulin resistance, they add a certain number of parameters to be left to
the doctor 's discretion. From a practical point of view, | believe that trust should be placed in the practitioner to decide whether a
large waist size corresponds to android obesity with increased risk or not.

Denis LAIRON
You stressed the deleterious role of lipids. Would you be able to say a few words on the possible deleterious role of carbohydrates and
of hyperglycaemia on insulin resistance syndrome and of compensation defects?

André SCHEEN

Concerning the role of glucotoxicity, it is probably possible to distinguish two stages. The first stage consists in the early
desensitization of the beta cell to glucose. If the beta cells of type 2 diabetic subjects (or even relatives of patients with type 2 diabetes
who are still normoglycaemic) are faced with a glucose challenge, they will not recognise the glucose correctly, whilst they do
recognise other stimuli such as sulphonylureas or arginine. For reasons that are not yet understood, it seems that the beta cells are
early “blind” to the stimulation by glucose. Hyperglycaemia appears in several stages. The first stage is called post prandial
hyperglycaemia : if the fasting glycaemia is measured, it registers as normal. However, after each meal, the subject will be subject to
mild post prandial hyperglycaemia : this is rarely recognised because it is not measured. It can be checked using an oral glucose
tolerance test. We know that we spend 8 to 12 hours or more in a post prandial phase over 24 hours. If the subject is systematically
hyperglycaemic during this period, the beta cell and other tissues will be faced with a hyperglycaemia that is asymptomatic but still
exerts deleterious effects, by reducing insulin sensitivity — via diverse mechanisms at the level of the insulin receptor or insulin
signalling cascade, and by increasing oxidative stress at the levels of the beta cell. The function of beta cell is disturbed when it has
to face to chronic hyperglycaemia : it will progressively secrete lessinsulin.

Thisis an important point, because it helps to explain the reversibility of metabolic control in a diabetic subject. The diabetologists
in this room have certainly encountered patients with chronic severe hyperglycaemia, with significant dampening of insulin secretion.
When these patients are treated with exogenous insulin for several days or weeks, sustained normoglycaemia can be reached and
insulin secretion is going better : the beta cells which were “ anaesthetized” by the chronic hyperglycaemia are reactivated when this
hyperglycaemia is suppressed. The mechanisms involved are diverse, for instance a reduction in the number of glucose transporters
(GLUT?2) at the level of the beta cell, or other, even more complex intracellular mechanisms.

Philippe VAGUE

You have demonstrated that adipose tissue must be considered as an endocrine organ and that it secretes many substances, most of which
are cytokines. Adiponectin is one of these cytokines. Given that adiponectin is secreted by the adipocytes, it is difficult to under stand why
the amount of adiponectin decreasesif thereisan increase in adipose tissue. Even if adiponectin acts as a insulin sensitizer, how can you
explain that the production of this protein decreases when the producing tissue mass increases? What mechanisms regulate this
phenomenon?
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André SCHEEN

To date, no one knows the precise answer to that question. One can only hypothesize that the adipose tissue secretes another substance
which could exert a negative control over the adiponectin by blocking its secretion. This substance could function according to an
autocrine mechanism, or could even act upon the genic expression of adiponectin. These are the interpretations that are currently
proposed, but we do know neither what the genic effect is, nor what the potential intermediary substance might be. However, it seemsto
be the only plausible explanation in mechanistic terms.

Member of the audience

With regard to glycation of the insulin itself, when glucotoxicity is caused by the glucose, theinsulin is glycated and is therefore less
effective. Secondly, articles suggest that the final stage consistsin apoptosis of the beta cells, and it is presumed that this apoptosisis
caused by glucotoxicity. | have not read anything concerning lipotoxicity inducing apoptosis of the beta cells. This apoptosis of the beta
cellswould be the final stage and would thus beirreversible. | would like to thank you for your presentation, and | imagine that everyone
else would like to do the same.

André SCHEEN

Apoptosisis a very important phenomenon in both type 1 and type 2 diabetes. In type 2 diabetes, we know that final impairment results
in cellular death by apoptosis, and lipotoxicity plays an important role in this process. The accumulation of triglycerides in the beta cell

poisons this cell and causes apoptosis. It is now believed that glitazones (thiazolidinediones, namely rosiglitazone and pioglitazone),

which have a positive effect on glucose metabolism, could also exert a protective effect on the beta cell, as has been proven through a
series of studies carried out in animals. One of the proposed mechanismsis the reduction in beta cell apoptosis, possibly due to a reduced

intracellular accumulation of free fatty acids and triglycerides, as also shown in the hepatocytes.

Member of the audience

Based on your last slide, | think the question of responsibility is very interesting, whether it is the responsibility of the patient or the
doctor. | think we just have to be careful that we do not leave the patient alone and say that everyone is responsible for his or her
lifestyle. You have to see the environment and society, etc. | think we have to be careful not to blame obese subjects, but make public
health improvements and so on.

André SCHEEN

| agree. We have to remind people that type 2 diabetesis a silent disease and the patient does not suffer from anything at the time he
begins to be diabetic. It is quite difficult to motivate patients to adopt lifestyle intervention, except in some cases. | agree with you.
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Diet-genotype interactions in obesity development

DenisLAIRON
INSERM UMR-Unit 476, Human Nutrition and Lipids, Faculty of Medicine, 27 Bd Jean Moulin, 13385 Marseille cedex 05, France

I will try and address a very complex issue: interactions between
genotype and environment in the development of obesity.
W.H.O. defines obesity as an abnormal accumulation of fat
tissues, indicated by a criterion called Body Mass Index. A BMI
exceeding 25 is the sign of overweight; from 25 to 30 and over,
we talk of obesity. Waist circumference is another determining
indicator. Excessively high values (over 100 cm for men and 90
cm for women) reveal an abdominal obesity, which clearly
appears as the form of obesity with the most hazardous
consequences in terms of diseases. Allow meto remind you that
when the body weight increases by 10 kg, 7 kg consist of body
fat, and 3 kg of muscles (except for body building adepts)...

The prevalence of overweight and obesity iswidely spread in all
industrialised countries. It is growing quickly in developing
countries, with high discrepancies among countries. There is a
clear variability in the prevalence of obesity that we cannot
completely explain yet.

Interestingly, a comparison of obese subjects and thin ones
shows an increase of energy spending in obese subjects, in terms
of basal metabolism as well as postprandial thermogenesis and
exercise. With alittle bit of irony, we could think that obesity is
an adaptation response (indeed, a costly one) that alows us to
reach a new metabolic equilibrium in order to adapt to excessive
food intake (as compared with energy spending). We have been
looking for the “key point” of obesity for decades, and have not
found it yet.
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It is worth reminding you of the mechanisms of adipose tissues:
there are two waysto increase fat storage in fat tissues, which are
related to the characteristics of fat cells or adipocytes. The first
one, which is the simplest, is increasing the size of fat cells, just
asyou pump aball. Adipocytes have very little cytoplasm around
their core and adroplet of stored fat. The ball thus growsto reach
its maximum size. The second way is much more complex: it
recruits new cells to increase the total number of cells. These
new cells are stem cells, which will quickly turn into adipoblasts.
A genetic program develops inside the cell, leading to the
expression of new coding genes for new proteins and new
functions for the cell. This allows pre-adipocytes to start storing
fat. The new program of expression of specific genesleadsto the
creation of mature adipocytes that have al the functionalities of
adult adipocytes, and can as well increase its size by storing fat.

Both ways of “becoming obese” are concomitant. The first
method is quite easily reversible: when you have big adipocytes,
you can easily reduce their size. This is not the case with the
second method: when you recruit new adipocytes, it is
impossible to make them disappear, as far as we know for now.
The situation is thus complex.

It isalso important to understand how an adipocyte getsfilled up.
In afasting state, the level of insulin is usualy low, while very
few triglycerides rich lipoproteins can be found in blood. A
hormone-sensitive lipase, located in adipose tissue, constantly
hydrolyses stored triglycerides and releases them into the blood
asfreefatty acidswhich will serve asafuel for other tissues, like
muscles in particular.

On the other hand, after a meal comprising fat, digestion will
release large amounts of lipoproteins rich in triglycerides
coming from the intestine or the liver, as well as carbohydrates
leading to an increase of blood insulin: this will inhibit the
activity of the fat tissue's lipase. Triglycerides of the adipocyte
are no longer being hydrolysed and the flow coming out of
adipose tissues drops down considerably. At the same time,
another enzyme caled lipoprotein lipase, located on the
capillaries on muscles or fat tissues, hydrolyses triglycerides
that stem from the meal’ s digestion. The fatty acids coming
from these triglycerides enter the adipose tissue to re-
synthesise triglycerides. It is thus obvious that obesity is a post-
prandial phenomenon: you fill up your adipose tissue after
eating meals, while you tend to empty it between meals. So
there is clearly a cause-effect relation between food
consumption and fat storage.

Let us focus on today’s topic: what interactions actualy exist
between genotype and diet? | think the scheme published a few
years ago by our colleagues from Quebec, Pérusse and
Bouchard, in American Journal of Clinical Nutrition is very
simple and eloquent. Today, everybody admitsthat obesity isdue
to both environmental and genetic factors, which can vary alot
from one person to another. In some cases, there is a monogenic
pathology, which concerns mutation of one specific gene. If
penetrance of this genetic feature is complete, pathology will be
very patent. Even when only one gene is affected, the
pathological effect will be moderate if penetrance is only
moderate. In other cases, a number of genes are implied, and
interact with environmental factors: this is the most common
situation as far as obesity is concerned. At last, in other cases,
some subjects have no genetic predisposition, but find
themselves under such a strong environmental pressure, in terms
of diet, that they will end up obese.

It is worth taking a look at ancient history of mankind: among
our 30,000 genes, recently identified within the Human Genome
programme, 98.4% are also to be found in primates. This
selection was made 7 million years ago, when diet and physical
activity had nothing to do with today’s world. According to
recent findings, primates and humans' evolution diverged 6 or
7 million years ago. Taking a look at today’s differences, this
means that there has been one gene change between primates and
humans every 10,000 years. This low frequency cannot explain
most recent evolutions. We have nevertheless undergone major
lifestyle changes over the last 7 million years, of course, and all
the more over the last century.
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To get back to the different determining factors of human
obesity, we can see that there are strictly genetic forms, which
imply a number of coding gene mutations for some proteins — |
will give you two examples later. During foetal life or just after
birth, malnutrition or over-nutrition may induce obesity
syndromes. There also are behavioural forms: stress, particularly
in women, is a maor factor of obesity development, which
becomes stronger in the case of asettled way of life. In fact, most
cases of obesity result from interactions between behavioural
aspects (you need to eat too much to get fat), diet (excessive food
guantities and unbalanced diet quality) and a genetic tendency.

Humen' obesity @ efvironment ard genetics

In trying to understand the role of genes, we can consider that
they facilitate fat storage at several levels: either by stimulating
food over-consumption, or by diminishing nutrients oxidation in
the body (which helps storage), or even by increasing storage in
adipose tissues directly. Although these three ways can be found
simultaneously in a subject, one isolated factor is enough to
create unbalance. We are well aware of the role of family factors
in obesity development: for example, 70% of the obese
population have at least one obese parent. This relates not only
to genetic factors, but also to family pressure, in terms of diet
culture and physical activity habits. The figure hence suggests
but does not demonstrate clearly arole for genesin obesity.

On the other hand, other data directly target genetic
“inheritability”. For BMI, or subcutaneous fat deposits, we find
inheritability of 5 to 10%. If your parents have a BMI over 30,
you statistically have two times the chance to get aBMI over 30.
If the parents BMI exceeds 40, this probability reaches 5 to 8
times. Inheritability is above 25% in average as far as total fat
mass and fat tissue distribution (either in the abdomen or
elsewhere in the body) are concerned. Inheritability equals 40%
for basal energy spending or post-prandial thermogenesis.
Clearly, there is a genetic inheritability, which may vary from a
parameter to another. It never reaches 100%, and is only one
factor among others.

Studies on twins helped better analyse the role of genes. Twins
are either of homozygote (strictly alike) or heterozygote (slightly
different) type. Usual correlation between parents and children
reaches 0.15 and 0.25, which confirms what has been said earlier
and marks an existing yet not so strong relation. Taking alook at
homogeneity between two fraterna twins, correlation reaches
0.4 to 0.5: there is aimost a half-similarity between fraternal
twins. For identical twins, similarity is amost perfect. This
shows that, depending on the level of genetic connection, genes
are a more or less determining factor. It also explains why
metabolic studies were done on twins, who are a remarkable
model for studies. | would like to mention a study referenced by
Pérusse and Bouchard. Identical twins with no obesity history
were either given a food surplus during 100 days in order to
make them fat, or had to do intense physical activity during 93

days, in order to make them lose weight. This aimed at
examining how variations would teke place. Looking at
correlation between twin brothers/sisters, we can witness a very
high correlation upon weight gain and loss. Among pairs of
twins, there are much more differences, as some twins lose or
gain alot of weight and others do not. This shows that the genes
that are very important in twins clearly discriminate among the
ones who are part of the pair and the ones who are not.

I will give one more example. Even for identical twins and
despite strong similarities, genetic differences sometimes exist,
for instance different mutations on a specific gene with specific
functions in one of the twins. In the example of lipase - an
enzyme that hydrolyses blood triglycerides to make them enter
adipose tissue — a Single Nucleotide Polymorphism (SNIP) was
identified. One of the twins may bear the mutation while the
other does not. This becomes obvious when twins get overfed.
Murtation bearers gain more weight and fat than the ones who do
not bear mutation. You can thus have a very determining genetic
background (2 identical twins) with variations due to limited
genetic mutations influencing one particular metabolic way. This
also works with “non —twins”.

To get back to monogenic forms of human obesity, which prove
to be of so much of interest to the media and researchers, we can
see that these pathologies concern very few families over the
world. Five families have a leptin deficit, due to a mutation on
the gene of leptin, three families have a mutation on the leptin
receptor, and twenty families on the melanocortine receptor. In
al cases, these mutations are linked with strong forms of obesity,
because genetics mutations concern key-proteins: these are true
genetic diseases.

Let us take the example of melanocortine receptor 4, located in
the hypothalamus and involved in food consumption regulation.
Thanks to molecular biology techniques, we can investigate in
vitro deleterious effects and functional side effects of a coding
gene mutation on this receptor. The frequency of such mutations
happens to be higher for severely obese subjects than moderately
or non- obese ones. However, penetrance of this genetic feature
is only incomplete, hence a variable expression that will cause
different typed/levels of obesity. This case touches very few
families over the world.

As for the famous case of leptin, it touches only five familiesin
the world. In these families, obese teenagers bear a limited
mutation on the promoter of the leptin gene, which causes a
decrease in leptin level as compared with control subjects with
similar body weight. The mutation can in part explain their
obesity. In leptin-deficient families, heterozygote children have
lower leptin levels and more body fat. This shows the relation
between mutation and obesity.

These human monogenic diseases have been well investigated
thanks to animal models that have recently been discovered to be
linked to leptin. ObOb mouse, which quickly gets obese on a
non-standard diet, has a similar mutation, i.e. a failure on the
gene of leptin, which causes hyperphagy and leads to obesity and
insulin-resistance. Thisis an interesting model but there are few
equivalent in humans. A similar situation occurs in the case of a
mutation on leptin receptor. Db/db rats have been used as a
model for over 10 years. they bear a genetic failure of leptin
receptor, and develop massive hyperphagy, obesity and insulin-
resistance. Then again, the model concerns a small number of
human cases over the world.

Another animal model was thought to be interesting but hardly
has human equivalent. A mutation leads to protein expression in
several tissues, which interferes with regulation of food
consumption and leads to hyperphagy and obesity. We are also
starting to work with transgenic models. After having identified
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major genes that might be involved in obesity development, we
make them over-expressed ? in animals, in order to investigate
their rolein vivo.

Monogenic diseases are not our main issue in the context of
obesity epidemics. We are more interested in predisposition
genes, specifically so-called economy genes, which constitute
the current basis of major concepts in the relation between genes
and obesity. We may consider these “economy genes’ as the
result of a long-term adaptation to extremely hostile
circumstances (agriculture and supermarkets have not aways
existed), such as famines. This explains why the survivors we
are have adapted and devel oped the best storage capacity in order
to overcome food shortages. It helps looking at obesity from a
new angle, regarding it as a natural disease, due to the process of
adaptation to extremely hard circumstances. However, for most
of us, today’s environment is not as hard anymore, and we are no
longer adapted.

In this regard, there essentially are two options for polygenic
diseases. We can either assume that a large number of genes are
implied in the syndrome, and have very little influence
individually. Or we consider that only afew genes are concerned,
but that they have great susceptibility and importance in the
syndrome development. Both options are hypotheses, but none
of them indicate a genetic disease: only environmenta factors,
i.e. diet, may turn genetic susceptibility into an obesity
phenotype. For the moment, as established by Karine Clément
recently, we cannot tell which one of the above-mentioned
hypotheses is the most valid.
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Research is being prolific in trying to determine which
“economy genes’ may explain inclination for obesity. Based on
several experimental laboratorial approaches, researchers try to
identify proteins that can help develop or reduce obesity. They
also look at chromosomal localisation of some of these genes,
since several chromosomal regions may be particularly involved
in obesity. Thanks to transgenic anima models, they can
understand functional effects of several genes mutations, over-
expression or deficiency. Functional consequences of some
mutations may aso be investigated in vitro. When al elements
are gathered, relevant genes can be identified: asfar as we know
today, over 50 candidate genes might be involved in obesity
development, according to latest studies.

The problem is that thereis little consistency among conclusions
resulting from different studies and experimental approaches,
despite fashionable and optimistic discourses about genetics. For
now, we do not know which candidate genes are involved in
human obesity.

Despite shortcomings of our knowledge in terms of genetics, the
epidemic of obesity hasindeed started. The prevalence of obesity
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and overweight is increasing quickly. Children are aso
concerned. Quick variations over 10, 15 or 20 years alow us to
say that genetics alone will not explain the whole phenomenon.
Of course, we are not equal in terms of hazard. We have been
working with models of food obesity in laboratories for years.
We know how to make animals obese.

The most classical way is the model of the so-called “cafeteria
rat”: you replace normal diet (vegetable-based concentrate with
little flavour) with sweet and fatty foods. The rat spontaneously
becomes hyperphagic and overeats, just as some of our fellow
citizens do when you give them flavourful food to eat. Since they
spend more time eating, they get more sedentary and gain
weight. They will develop al symptoms of overweight and
obesity and will end-up being insulin-resistant. The phenomenon
remains reversible as long as the obesity installation phase
develops. When obesity is installed, reversibility becomes more
difficult.

The other way is called “stressed rat”. When you regularly
pressure a rat, while giving it access to food, it proves
hyperphagic and stressed out, and also gains weight. The
importance of stress on obesity development, particularly in
women, iswell known.

Besides, other factors related to diet promote human obesity
development: purchasing power, food accessibility, in terms of
guantity and quality (diversity is an appetence criterion),
advertisement for energetic foods (carbohydrates and fat),
breaking of traditional eating habits, snacking in particular,
urban lifestyle (settled way of life and heating systems that
reduce overall energy spending). An unbalance of 1% per day in
the energy balance represents around 25 kcal/day, the equivalent
of a very small piece of bread. If the excess occurs daily, it
reaches 10,000 kcal per year, that isto say one more kilogramme
of fat in adipose tissue. Regulation of the energy balanceis very
subtle and can easily be distorted.

In this context, all foods are not alike, since food energy density
may vary alot. It is linked with lipid and water content. In both
cases, fruits and vegetables are the least energetic foods, whereas
cheese and other fatty or concentrated foods are the most
energetic ones.

Mutrigeneticsand nutrigenoimics
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New trends in this regard are as follows: the nutrigenetic
approach aims at investigating the influence of genes variability
on our metabolic response to food, and nutrigenomics looks at
the way food modifies genes and proteins expression in our
tissues, that is to say at our metabolic response. If we can study
both aspects further, we will be able to better understand
interactions between genes and environment. In that sense, we
absolutely need to develop bio-data processing tools which are
represent our main frontier today. We need to lead intervention
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studies on a broad scale, in order to study interactions between
genetic variability of different subjects and their response to diet.
We are therefore involved in a multilateral programme in 8
European countries (LIPGENE) starting this year, in order to
investigate interaction between dietary fat, metabolic syndrome
development associated with obesity and susceptibility genes.
We aso need good studies on the way food and nutrients can
regulate genes expression in tissues.

In order to be able to prevent obesity, we all would like to know
whether and to what extent one is more likely to become obese.
This kind of evaluation might become realistic in the next
decade, to certain conditions. First, we will need to increase our
own knowledge, particularly on linkages between genes

—Questions

mutations and their related risks. We will also need to take into
account ethical and psychological issues raised by genetic
evaluation. Lastly, we will need to have the capacity to offer
counselling and treatment, in order to make al this useful. We
may be able to do this, but is it realy worth it anyway?
Prevention is indeed crucial for adults and children, in
industrialised and developing countries alike, as aresponseto the
quick evolution of the epidemics. That is to say primary and
secondary prevention as well as complications. | will mention
the example of the French National Plan for Health and Nutrition
(PNNS, Plan National Nutrition Santé), whose priority goal is
the reduction of obesity and which needs strong involvement of
al partners.

Eveline ESCHWEGE

Thank you Mr. Lairon for highlighting the fact that genetics is not the only point in thisissue. | would like to stress the fact
that a surplus of 25 kcal a day leads to a weight gain of 1 kg a year, and that a weight gain of 10 kg consists of 7 kg of fat.
Is this assessment reversible? If you reduce food consumption by 25 kcal per day, can you loose 1 kg in one year? Will you

loose more fat or more muscle?

Denis LAIRON

Itisclear that these assessments can prove valid both ways: reducing energy consumption makes you lose weight, except if
you are already so obese that your situation cannot be reversed. In most cases however, reducing food intake is enough to
achieve weight loss. In this case, you start by losing a bit of water, then quickly you lose fat. Working out at the same time
helps losing fat while preserving muscles. The ideal weight loss situation starts with food intake reduction (especially highly
energetic foods) and physical activity, for better body fat reduction and muscle conservation. Very often, when people go on
restrictive diets, they lose fat and muscle: physical activity is an easy way to preserve and devel op muscles.

Member of the audience

| have a candid question : are there laboratory rats that would not respond to stress by devel oping hyperphagy, but on the
contrary by losing weight under pressure? Some people do respond to stress this way.

Denis LAIRON

| really cannot answer your question. This may be. We have mentioned genetic variability in humans, but it is also valid as
far asrats are concerned. When you work with a group of 10 rats and put them on a diet, you usually witness noticeable
variations (a factor 2). This clearly means that rats are not equal either. It is thus very likely that rats under stress do not
gain weight and may even lose weight. Such a model would be quite an interesting one, in that men, as opposed to women,
often eat less and lose weight under stress. Men and women often manage stress in different ways.

Member of the audience

My question refersto a study | read this week: it showed that when you give an animal the choice between two types of
food, one containing nutrients and the other nutrients-free, the animal chooses the meal which contains nutrients and pays
no attention to the other. It seems that humans have lost this ability. When we consume “ empty” calories, aren’'t we
encouraged to eat more of them for our body to get the number of nutrients it needs?

DenisLAIRON

Thisis an interesting concept. Clearly, the regulation of food intake is a very complex issue, which is not exclusively defined
by overall energy supply. The latter is only a sum of different energy supplies (proteins, lipids and sugars). Our food
contains many other nutrients that have several functions, including on genes expression. | think the concept is right, but we
lack knowledge to understand relations between nutrients and behaviour. Of course, if you only drink sweetened fizzy water
all day, you are less likely to meet your needs in terms of micronutrients, and more likely to look around for nutrients or

binge on other foods.
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Prevention of type Il diabetes

Philippe VAGUE
Department of Nutrition-Endocrinology-Metabolic Diseases, University Hospital of Timone, Marseille, France

| will handle type Il diabetes in a pragmatic way, i.e. relying on
so-called “evidence based medicine”, based on actual facts
leading to scientific conclusions. The facts | will use come from
observation studies and prospective studies on cohorts, aswell as
prevention trials. | will only base my exampleson trialsthat have
been completed and given scientifically valid results.

The first observation study regards the association of physical
activity and diabetes in Pima Indians. Pima Indians stem from a
tribe that crossed the straits of Bering from Asiaalong time ago
and settled in Arizona, a desert area with frequent droughts. The
ones who survived were the ones with an economy genotype,
who were capable of storing fat during drought and had a
tendency to become obese when food was available. Nowadays,
Native Americans who live in camps hardly exceed 4 hours of
physical activity per week. They tend to eat a lot, since they
receive subventions. They are obese: average BMI equals 34.
38 % have diabetes, 10 % prove glucose-intolerant. Half the
population has a sugar-tolerance trouble.

On the other hand, another fraction of the original tribe, with the
same genetic background did not settle in Arizona but went on
across Rio Grande. It settled in the Mexican mountains, and its
descendants now live there as mountain farmers. This occupation
takes a lot of energy, as they work 57 hours a week in average,
that is to say more than the average citizen. They also eat less
than their cousins from Arizona and have a normal body weight
in average. There are few subjects living with diabetes or
glucose-intolerance; ratios are close to the ones we notice for
Mexicans living in the same conditions with a different genetic
background.

Regarding thisfirst study, we can say that, with asimilar genetic
background, excessive food intake, lack of physical activity and
obesity are strongly associated with one another and may lead to
great prevalence of diabetes.

All physical activities are not alike. The second observation
studies targets high-level athletes from Finland (engaged in
international competitions between 1920 and 1965), who were
checked again 20 years later. The prevalence of obesity, diabetes,
hypertension and coronary diseases proves different depending
on the type of sport they practiced. Twenty years later, there are
no obese subjects among those who practiced endurance sports
(running, marathon...). They may have gone on with their
activity. There is neither diabetes nor hypertension, and very few
cardiovascular diseases. On the contrary, many of the athletes
who used to practice power sports (such as weight lifting) have
gotten obese, although they are former sportsmen. 9 % suffer
from diabetes, hypertension and some of them also have
cardiovascular diseases. The impact of physical activity varies
from one subject to another. If you are an international athlete,
you probably do not have the same genetic features as a weight
lifter. This makes interpretation of observation studies very
difficult.

In another study, 8,600 men were followed on a 7-years period:
149 men got diabetes. This number was put in relation with
alcohol intake. Five quintiles were established, from abstinence
to significant consumption. There are less diabetic people among
the ones who drink little alcohol (13 g a day, two small glasses

of wine). There are more diabetic people among men who do not
drink at al, and even more among big drinkers. Moderation is
associated with less diabetes susceptibility. Similarly, as far as
antioxidants consumption is concerned, specifically vitamin E, a
poor vitamin E blood concentration is related to higher diabetes
exposure.

The last study targets American nurses. 85,000 nurses were
followed during 15 years. Mr Hu identified alow-risk group with
the following characteristics: normal body weight, at least 30
minutes of daily physical activity, non-smoker, diet rich in fibre
and polyunsaturated fatty acids, and a drink every two days.
Only 3.4 % of the cohort presented these characteristics, and
their diabetes risk reaches only 9 % as compared to the others.
This means they also have 10 times less chance to get diabetes.
As to conclude that 90 % of diabetes cases could be avoided
thanks to good living habits, | think it would be a bit
exaggerated. Nevertheless, the relation between this lifestyle and
low diabetes risk has to be taken into account. Let me stress that
lifestyle often has to do with specific genetic, cultura and
psychological background.

To sum up three follow-up studies on prospective cohorts that
were conducted by Dr Hu's team and recently published.
Diabetes risk is low when diet proves rich in vegetables, fruits,
fish, poultry and non-refined cereals. It is high when diet
contains a lot of red meat, fries, fatty dairy products, refined
cereals, desserts and sweets. Observation studies teach us many
things, but only underline associations without showing causal
relations.
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Let us consider prevention trials — | will only mention
completed, reliable trials. Many new trials are underway, which
we may want to mention in some years time in another edition of
EGEA. The first trials targeted lifestyle changes. increasing
physical activity and a controlling diet to try and lose weight.
The threetrials | will introduce are: a Chinesetrial in the city of
Da Quing, the Finnish “ Diabetes Prevention Study”, and a North
American trial carried out within the framework of a
“Diabetes Prevention Program”. The trials targeted at risk
subjects with glucose intolerance, in order to investigate the role
of lifestyle changes on the conversion of glucose intolerance into
diabetes. Body weight of subjects before the study must be
noted: Chinese subjects had a BMI of 26 (which, according to
our Western standards corresponds to a BMI of 29, taking into
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account the average stature of Chinese people), Finnish and
American subjectshad aBMI of respectively 31 and 34 (severely
obese). Researchers also indicated the number of subjects,
duration of follow-up (6 years, 3 years and 3 years) and
differentiated members of the control group (randomly selected
subjects that were given lifestyle tips) and members of the
intervention group (strongly managed intervention). In average,
10 % of the control group members transformed their glucose
intolerance into real diabetes. In the intervention group, there
was less than half the number of diabetes incidence (-42 %, -58
% and —58 %). Lifestyle modifications thus help reduce diabetes
risk by half, at least during the period of the study. We will talk
about these modifications later on.

Some trials also included anti-diabetes medicines, mainly two drugs
that increase insulin sensitivity. Pr. Sheen said earlier that type |
diabetes touches predisposed subjects, but that thereis insulin
resistance. If you manage to erase the resistance, you may expect
that diabetes does not develop. In the DPP trial with metformin,
subjects had glucose intolerance. In the Tripod trid with troglitazon,
subjects had developed gestational diabetes. Lastly, in the“ Stop
NIDDM” trial with acarbose, which slows down the absorption of
sugars by affecting sugars hydrolyse in the bowel thus reducing
post-prandial hyperglycemias, subjects had glucose intolerance and
diabetes was part of their family background. According to their
body weight, subjects were obese. Researchers also indicated
number of subjects, period of study and number of cases of digbetes
that occurred within the control group: over 10 %. Benefits of
medicine use are up to 31 % with metformin. Metformin is an
effective anti-diabetes drug. Metformin was then stopped, and a
check-up was done after 15 days: the figure had dropped from 31 to
25 %. One quarter of diabetes cases can thus be avoided through
metformin, one haf with troglitazon and one quarter with acarbose.
Medica treatment is therefore effective, yet probably less effective
than lifestyle changes.

Other trials used non anti-diabetes drugs. The main goal of such
studies was to prevent hypertension, cholesterol or
cardiovascular diseases, and not specificaly diabetes. Trials
have been conducted with anti-obesity medicines (Orlista,
Exindose). In the Orlista trial, we notice a reduction of diabetes
occurrence by 37 % in the treatment group, with additional
weight loss of 2.8 kg as compared with the non-treatment group.
Results are significant but weight loss remains moderate. Other
trials were conducted with IEC or ACE inhibitors, i.e. inhibitors
of the rennin-angiotensine system (sartan). Again, we notice
reverse effects between the beta-blockers group and the placebo
group. With statins, results are variable. Some trials have shown
a protective effect against diabetes, while others have not
(Sinvastatin, Atorvastatin). Last, with menopausa women
(among whom many had had coronary disease): randomly
selected women were given hormone replacement treatment, in
order to assess effects of such treatment on coronary thrombosis
recurrence. The treatment may slow down visceral fat
accumulation, which is a consequence of aging and oestrogen
deprivation. It is therefore protective against diabetes.

Let us discuss these documents. First, when we take action, do
we prevent diabetes or simply delay it ? One of the speakers
showed a graph from the UKPDS study, the famous British study
on type Il diabetes, which asserts that, whatever you do, diabetes
slowly grows more and more severe, with gradual loss of insulin
secretion functions. You can only slow down the loss of such
functions. In the American DPPtria, the evolution of glycaemia
or glycated haemoglobin progressively increases within the
placebo group: some subjectswill get diabetes and other will not.
As for treatment group subjects, these parameters go down but
then increase again after some time (in smaller proportions
though). Such data may make us optimistic (diabetes may be
prevented) aswell as pessimistic (the evolution occurs anyways).

Prevention of type Il diabetes
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We dtill are not sure whether treatments prevent or push back the
disease. Troglitazons have been proven to protect against
diabetes even after the end of the treatment period. Yet, these are
only preliminary results and do not encompass enough subjects.
But these drugs may protect the [-cell from failures that we used
to consider inevitable. Most trials were meant to diminish insulin
resistance. You probably remember that two elements are
involved in diabetes breakthrough : f3-cells cannot produce
enough insulin, which can be due to genetic defects, or foetal
malnutrition among others. Our B-cells grow older with time,
and insulin-resistance adds up to this. Diminishing insulin-
resistance allows protecting 3-cells, which may then produce
enough insulin. Most trials were lead to reduce insulin
resistance.

Yet we still do not know how to increase [3-cells capacity: trials
are underway. Thanks to the Da Quing study, interesting results
were presented last August in the International Congress of
Diabetes, but have not been published yet. | will only talk about
what has been presented verbally. Researchers classified
predisposed subjects into two categories: especialy insulin-
resistant subjects and subjects with insulin secretion failure. This
can be determined through a simple analysis based on the Oma
model. It was thus asserted that very insulin-resistant subjects
with small insulin secretion failure could halve their risk of
diabetes by using metformin or pioglitazon. Oppositely, diet and
physical exercise seemed more effective in subjects with low
insulin resistance and severe insulin secretion failure. | cannot be
more specific, since those results have not been published yet.

When the risk is high, treatment proves all the more effective. In
the trials presented, all subjects were more or less similarly at
risk, so this does not really show. It becomes more obvious with
observation studies. In this example, 6000 students at the
University of Pennsylvania were followed and contacted years
later. Diabetes occurrence was estimated according to physical
activity habits between 1962 and 1976. The subjects were
classified in three groups : low physica activity, moderate
physical activity and high physical activity level. An indicator
shows the number of subjects with diabetes for 10,000/year. In
high-risk subjects with no physical activity, 47 persons ayear in
10,000 would grow diabetic, while high-risk subjects with good
physical activity levels had half the risk. On the other hand, low-
risk subjects with good physical activity levels had an indicator
of 11 persons/ year. Physical activity does not bring down the
risk to zero. We can thus assess that prevention measures are
most effective in high-risk subjects.

Although they are difficult to obtain, (even mild) lifestyle
changes are very effective. You can see diagrams from the
Finnish DPS study, which classified subjects according to their
ability to meet the five recommended goals: eat less, lose weight,
eat different (more unsaturated fat), exercise more...
A comparison of the control group and the intervention group
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was made. The intervention group was given lots of guidance
and advice. In opposition to the control group, very few subjects
met no goa at al in the intervention group. But 4 “control”
subjects met the five goals, against 24 “intervention” subjects.
Intervention was thus effective in terms of meeting the goals.
How about its effect on diabetes breakthrough? Among those
who did not achieve any of the goals, 30 to 40 % developed
diabetes. But none of the subjects who achieved 4 to 5 goals
(both from the intervention and control groups) developed
diabetes. This means that for those who met proper lifestyle
change objectives, diabetes did not breskthrough during the
period. We may hope that this protective effect will last beyond
the study if the goals keep being achieved. Lifestyle
modifications are thus very effective for populations with
glucose intolerance and obesity.
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Let us take alook at weight loss in the different trials. Chinese
subjects were moderately overweight and lost 2.5 kg for the
intervention group. Finnish subjects were obese and lost 3.4 kg.
American subjects were severely obese and lost 5.5 kg. Subjects
of the Xendos study were very obese and lost 2.8 kg as compared
to the ones who got counselling and no drugs. A man with aBMI
of 34 weighs around 95 kg: losing 5 kg does not represent much
but allows to avoid half the cases of diabetes. This leads to the
conclusion that when an obese person loses 1 kg, they reduce
risk of diabetes by 15 %. It is thus worth it.

Why ? As| aready mentioned, if you are obese and get diabetic,
the evolution is due to the fact that you have too much fat that
provoke insulin resistance. The most dangerous fat is intra-
abdominal visceral fat. In this study, obese women were trained
to lose about 6 kg and visceral fat mass was then compared to the
initial values. Under skin fat was aso traced. Women with a lot
of viscerd fat lost alot of it. The ones who had little visceral fat
did not lose as much. On the other hand, there is no correlation

between the quantity of initial under-skin fat and the quantity
that was lost. This can be interpreted as follows: viscera fat is
the most mobile; you lose it when you start losing weight. This
explains why subjects at risk for diabetes in our trials (who are
mostly of the android type) lost 3 kg of visceral fat. This also
may be the reason why this weight loss is so effective.

What is better to prevent diabetes ? Change lifestyle or take
drugs ? When have seen that medicines are amost as effective as
lifestyle modifications. Physical activity is doable: everyone can
lose some kilograms and work out if it isworth it. Taking one pill
everyday is not very complicated either. There is no risk in
changing lifestyle, provided that you get proper cardiovascular
watch. Drugs may not be as safe. Some statins were recently
prohibited for they proved dangerous. In the DPP tria, the
control group was compared to the physical activity group, the
metformin group and the glitazon group. Since glitazon proved
toxic on the liver, researchers had to interrupt follow-up of this
group. Any effective medicine has more or less significant side
effects.

Does this influence cardiovascular risk factors ? Just as physical
exercise, drugs may, indeed, influence cardiovascular risk. | will
mention the Canadian study “Stop NIDDM and cardiovascular
risks’. We have seen that acarbose slows down sugars absorption
and reduces the risk of diabetes by 25 %. Jean-Louis Chasson,
main investigator of this study, showed that the acarbose group
reduced the occurrence of new hypertension cases by 34 %, of
cardiovascular failures by 48%, of coronary thrombosis and
silent coronary ischemia by 90 %, as compared with the control
group. All this is not necessary significant, but we may assume
that, for mechanisms | will not mention now, acarbose-based
treatment reduces cardiovascular risk.

The last issue regards individual responsibility. We are talking
about preventing a disease, not curing it. Prevention needs to
take into account the ethical/political side: should subjects be
given everything or should they make some sort of effort on their
own ? To what extent should they get a sense of responsibility ?
In lifestyle modifications, there is great individual responsibility,
and less responsibility on the side of the physician. On the
contrary, drug prescriptions tend to decrease individual sense of
responsibility and increase pressure on the physician since side
effects may aways occur. This is quite schematic but has to be
borne in mind.

Asaconclusion, | will quote a Jewish physician from Andalusia,
who learned medicine in Fez and practiced in Cairo in the 12th
century : one of his aphorisms says “a disease that can be cured
through diet should not be cured by other means’. Yet this was
asserted 850 years ago, and science has been moving forward:
we now have efficient drugs that did not exist at that time.
Thank you very much.
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—Questions

André SCHEEN

| would like to comment on the last table, in which we could insert a row on the cost/efficiency ratio (which is so
fashionable). This was done in the DPP study. If you compare cost/efficiency ratios of lifestyle intervention and metformin
use, taking into account the low cost of metformin and the difficulty to impose “ life time modifications’, it appears that
metformin has the best cost/efficiency ratio. Thisis different with thiazolinediones which are much more expensive. Lifestyle
moadifications do involve the subject, but you need to provide them with some kind of management. And this follow-up costs
money.

Philippe VAGUE

This relevant comment can be transposed to many other things. To give statin to cure hypercholesterolemia does not cost
too much. But to change your diet drastically is not always easy or doable and requires a lot of energy on the side of the
physician. |, as a physician, think that it depends on the person’s ability to take their own responsibilities, socially,
culturally and psychologically speaking. Being self-responsible creates a feeling of well-being. But some people, for some
reason (cleverness, family background...) may not be able to prove self-responsible and can be better cured through
medicines. | tend to see the problem through the eyes of a physician, not a national decision-maker.

Eveline ESCHWEGE

e could take the example of tobacco. We have achieved tremendous changes in tobacco-use habits around the world
(especially in the USA and Europe), thanks to multiple means. If we act early in life and make a national and constant
effort, we may manage to get an interesting cost/efficiency ratio.

Member of the audience (from Algeria)

Mr. Vague, your conference was very positive: while others tend to worry us, you reassure us. In our countries, this would
have a great impact since access to drugs is quite difficult and the poor tend to be the most affected. From an ethical
viewpoint, it is more gratifying to try and create self-responsibility than to pressure physicians.

Denis LAIRON

| did not mean to worry you and will try and reassure you. Together with Philippe Vague, we have conducted a study over
the last few yearsin order to investigate on how two dietary models (Mediterranean diet or classic diet poor in lipid and
cholesterol) could reduce risk factors. We have been working on a population of 200 at-risk subjects, among whom 2/3
were overweight or obese. After 3 months, by changing people’s diet, we managed to reduce almost all cardiovascular risk
factors and subjects lost some pounds. This came together with an amelioration of insulin and glycaemia status, as well as
of the lipid parameter. This type of intervention proves very effective, while subjects are given minimum responsibility in
following recommendations.
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SESSION 1 : Obesity and diabetes : two multifactorial diseases

Diet and lifestyle in relation to obesity :
Lessons from observational cohort studies

Tobias PISCHON
Harvard School of Public Health, Departments of Nutrition and Epidemiology, 655 Hunting Avenue, Boston, MA02115, USA

Mr. Chairman, ladies and gentlemen, | would to thank you for
the invitation and for the opportunity to give this talk today.

Obesity is a major risk factor for several chronic diseases,
including type 2 diabetes, cardiovascular disease, and cancer.
The prevalence of obesity is increasing worldwide. In the
United States, the prevalence of obesity was around 10% or less
in 1991, but increased substantially during the past years to
between 20% and 25% as of today (1). Thisrising epidemic is
not restricted to individual states, but is observed across the
entire country.

Currently, heart disease, cancer, and stroke are the mgjor leading
causes of death in the United States. However, looking at the
actual origins, recent data suggest that poor diet and physical
inactivity which lead to obesity are second only to tobacco
smoking as the actual cause of death (2).

On a simplistic level, obesity is an imbaance
between energy intake and energy expenditure,
where obesity develops when energy intake is
increased or energy expenditure is decreased.
However, there is probably a complex interaction
between genetic and environmental factors.
Although genetic factors may determine which
individuals within a population become obese,
environmental factors, such as diet and physical
inactivity, clearly contribute to the current high rate
of obesity.

Recent data published by the Centers for Disease
Control show that energy intake increased over the
last 30 years in men and in women; an increase that
was seen across all age groups (3).

Among macronutrients, relative carbohydrate intake,
expressed as percentage of energy, increased over the
past 30 years, while relative fat consumption
decreased during this period (3). However, keeping
in mind that during the same period energy intake
increased, this translates into absolute increases in
carbohydrate and fat intake during the past three
decades.

Looking at the current trends in obesity, one would
assume not only that energy intake increased, but
also that energy expenditure and physical activity
decreased. In contrast, recent data released by the
Centers for Disease Control show that the proportion
of subjects who report no engagement in physical
activity actually decreased over the last ten years (4).
However, the question of whether or not a person
engages in physical activity does not take into
account itsintensity. Indeed, the intensity of physical

obesity, where abdominal or central obesity is characterized by an
increase in waist circumference and visceral adipose tissue,
whereas periphera obesity is characterized by an increasein hip
circumference and subcutaneous adipose tissue (5). It is known
that visceral adipose tissue is metabolically more active, and that
abdominal obesity confers a higher risk of chronic disease than
peripheral obesity. Thus, measurement of waist circumference
provides additional information beyond the body mass index
about a subject’ srisk of developing chronic diseases. Abdominal
obesity is defined as a waist circumference greater than 102
centimetersin men and greater than 88 centimetersin women (5).

High energy intake and physical inactivity determine body
weight gain; however, little is known about diet and lifestyle
factors that specifically predict waist gain or an increase in
viscera fat tissue mass. This raises the question as to whether
there are specific factors that predict the fat distribution pattern.

ential iImpaci of lifestyle changas on waist
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activity may be a key determinant of obesity.

Beyond body mass index the fat distribution patternis
an even more important measure of obesity. Obesity
can be classified into peripheral and abdominal
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Koh-Banerjee et a. (6) recently examined the association
between dietary and lifestyle factors in relation to waist change
in the Heath Professionals Follow-up Study, which is an
ongoing cohort study that was started in 1986 with inclusion of
about 50,000 participants. Information about diet and lifestyleis
assessed every four years, and information about disease
incidence and anthropometry every two years. In 1987 and in
1996, waist circumference was measured, so we were able to
determine predictors of waist change over a nine-year period in
about 16,000 subjects.

Within all age groups body mass index increased over time:
about 1 kilogram per sguare meter in those aged 40 to 50 years,
and a little less in subjects older than 50 years. There was also
an increase in waist circumference over time: about 4 cm in the
younger age groups, and dlightly less in the older age groups.
The question is: Are there dietary or lifestyle behaviours that
predict these changes?

The results of the analysis showed that there was a significant
association between changes in dietary fat intake and changesin
waist circumference (6): People who increased their fat intake by
5% of energy over 9 years had an increase in waist
circumference of 27 mm. However, this increase was attenuated
and no longer significant when the model was adjusted for
concomitant changes in body mass index. Thus, athough fat
intake may predict waist gain, it does not predict changes in the
fat distribution pattern. In contrast, looking at specific types of
fat, trans-fatty acids predicted waist gain even after adjustment
for changes in body mass index. Thus, consumption of trans-
fatty acids is not only related to an increase in waist
circumference in general, but it also predicts the fat distribution
pattern, indicating an accumulation of visceral fat tissue.

Adipose tissue is an Endoctrine Organ

resistance-type of physical activity, was aso negatively related
to waist gain: Men who increased their weight training by half
an hour per week had a significant decrease in waist
circumference.

Walking in general was not significantly associated with changes
in waist circumference; however, waking pace, which is an
indicator of intensity of physical activity, was related to a
decrease in waist circumference. Thus, people who increase
their walking pace may decrease their waist circumference.

An increase in television watching time was associated with
waist gain, independently of changesin physical activity. Thus,
TVwatching time may add waist circumference beyond physical
inactivity. Activity here refers to leisure time physical activity;
this does not take into account occupational activities.

If everything is added up, what can be predicted ? If aman adds
12 grams of fibre per day to his diet, if he has half an hour of
weight training per week, if he eats 2 % of daily energy in the
form of polyunsaturated fatty acids instead of trans-fatty acids,
and if he decreases his TV consumption during the week by 20
hours, than he can expect a substantial decrease in waist
circumference of about 6 cm, which is even beyond changes in
overall body weight.

Diet and lifestyle factors are related to obesity and disease
incidence. What are the mechanisms that link obesity with
chronic diseases like type 2 diabetes and coronary heart disease?
Not every obese person will necessarily develop a chronic
disease. Finding relevant mediators might help identify subjects
at risk of disease incidence. Furthermore, studying the
relationship between diet and lifestyle with these mediators can
also provide information about the prevention of diseases.

Over the past yearsit was shown that the adipose tissue
produces pro-inflammatory cytokines like interleukin-6
and tumor necrosis factor. These cytokinesin turn are

inducing acute phase proteins, such as C-reective
protein, in the liver, and are implicated in the
pathophysiology of obesty-related chronic diseases,
like type 2 diabetes and coronary heart disease. Chronic

inflammation is an important risk factors for coronary
heart disease. In fact, it was shown in arecent report
coming from the Women's Health Study that CRP is
almost as good as LDL-cholesterol in predicting
cardiovascular events (7). In thisreport (7), women
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were divided into quintiles based on their CRP and
LDL-cholesterol level. The prediction of cardiovascular
event-free survival according to the women's CRP or
LDL-cholesterol levels was of similar magnitude,
which highlights the importance of measuring

The results were similar whether carbohydrates were replaced
with trans-fatty acids, or whether polyunsaturated fatty acids
were replaced with trans-fatty acids. An increase of trans-fatty
acid intake by 2% of energy was related to an increase of 52 mm
in waist circumference. In contrast, fibre intake was associated
with a decrease in waist circumference, which was independent
of changes in body weight. Thus, if a man increases his total
fibre consumption by 12 grams per day he can expect not only
less waist gain in general, but specifically that his waist
circumference may become smaller and that his body fat
distribution pattern may change.

Vigorous physical activities, such as jogging, running,
swimming or cycling, were associated with a decrease in waist
circumference — again, independent of general changes in body
weight. Interestingly, weight training, which is a non-vigorous

inflammatory markers for risk prediction. It also
underscores the importance to investigate whether
inflammation may be a modifiable risk factor to prevent
coronary heart disesse.

Is there an association between diet and inflammation? In a
recently published study (8) we examined the association
between trans-fatty acid intake and inflammation in women in
the Nurses' Health Study. We found that there was a positive
association between trans-fatty acid intake and inflammatory
markers. Women in the highest percentile of trans-fatty acid
intake had significantly higher levels of soluble tumor necrosis
factor receptors, which are indicators of inflammation. Since
trans-fatty acid intake has been linked to coronary heart disease
risk, our findings suggest that inflammation may be a potential
mediator between diet and heart disease. Tumor necrosis factor
is involved in the development of insulin resistance. We
speculate whether increased trans-fatty acid intake related to
increased tumor necrosis factor levels may promote insulin
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resistance, leading to hyperinsulinaemia, and, possibly, gain in
visceral adipose tissue, which would explain our observation that
trans-fatty acids predict waist gain.

Hypothetical Effects of Adiponectin
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It is well established that polyunsaturated fatty acids are
involved in inflammatory pathways. Omega 6 and omega 3
fatty acids are precursors of eicosanoids, like thromboxane,
prostaglandins, and leukotrienes. Eicosanoids, derived from
omega 6 fatty acids are generally considered pro-inflammatory
biomarkers, while those derived from omega-3 fatty acids are
considered to have anti-inflammatory properties. Alpha-
linolenic acid, which is an omega-3 fatty acid, is converted to
EPA, and EPA in turn to thromboxane, prostaglandins, and
leukotrienes. This conversion is performed by the same enzymes
as for the omega-6 fatty acids, suggesting that there is a balance
between these two types of fatty acids. Our question was. are
these polyunsaturated fatty acids related to inflammatory marker
levelsin humans?

We analyzed the relationship between polyunsaturated fatty
acids and inflammatory markers in men and women with similar
results (9). We found a significant inverse association between
the long-chain omega-3 fatty acids, EPA and DHA, and
inflammatory markers. In contrast, we found no significant
association for apha-linolenic acid or for the omega-6 fatty acid
linoleic acid.

It has been argued that omega-6 fatty acid intakein our diet may
be too high and needs to be reduced. Interestingly, in our
analysis we found a significant interaction between the two types
of fatty acids (9). At low levels of omega-6 fatty acid intake, we
found no association between omega-3 intake and inflammation.
However, at avery high intake of omega-6 fatty acids we found
an inverse association. Subjects who had the highest intake of
omega-3 and the highest intake of omega-6 fatty acids had the
lowest levels of inflammation, whereas subjects with low
omega-3 intake and high omega-6 intake had the highest levels
of inflammation. This significant interaction was seen for
soluble TNF receptor 1 and soluble TNF receptor 2.

We aso found an inverse association between inflammatory
markers and physical activity (10). Thus, an increase in physical
activity level by 20 MET-hours a week, which corresponds to
running twice a week for about one and a half hours, relates to

up to 10% lower inflammatory marker levels. We aso
specifically addressed the question of whether this relation might
be explained by adipose tissue mass; therefore, we adjusted our
analysis for body mass index, and aso for leptin
levels as a surrogate for fat mass. For some of the
inflammatory markers this association was
substantially attenuated, indicating that the reduced
inflammation associated with physical activity may
be explained by less adipose tissue in these people.

The adipose tissue is considered to be an endocrine
organ and secretes several mediators that are
involved in inflammatory pathways, like TNF or
interleukin-6 (11). Some of these mediators, like
PAI-1 and hormones of the renin-angiotensin system,
are also involved in cardiovascular disease. The
adipose tissue also secretes hormones that are
involved in endocrine pathways, like leptin and
corticosteroids; and hormones that are involved in
metabolic functions like free fatty acids and
adiponectin.  In the past, we have particularly
examined the role of adiponectin in human heath
and disease in our cohorts.

In contrast to other adipose-derived hormones, like
leptin, plasma adiponectin levels are inversely
associated with body mass index. Obese subjects
have significantly lower adiponectin levels compared
to non-obese subjects. Adiponectin has been
hypothesized to be involved in severa metabolic
pathways, mainly based on experimental settingsin cell cultures
or animals (12). Adiponectin increases free fatty acid oxidation
in the muscle and in the liver. Furthermore, it decreases
triglyceride accumulation in the muscle and inhibits
gluconeogenesisin theliver, resulting inimprovement of insulin
sensitivity. It has already been shown in humans that high
plasma adiponectin levels indicate a lower risk of developing
type 2 diabetes (13). Furthermore, adiponectin is aso related to
inflammation. In cell cultures, adiponectin modulates
inflammatory pathways, and animal trials have also shown that
adiponectin has anti-atherogenic effects. Our question was
whether adiponectin — as an adipose-derived hormone — may be
related to coronary heart disease risk.

We studied this association in the Health Professionals' Follow-up
Study in a nested case control design (14). In 1994, a blood
sample was obtained from all subjects without cardiovascular
disease. During six years of follow-up, we identified 266 new
cases of myocardial infarction. These were matched with 532
control subjects who did not develop any cardiovascular disease
during the same period and we then analyzed the biomarkers
obtained at baseline. We found that those men who developed
myocardial infarction during follow-up had significantly lower
plasma adiponectin levels at baseline compared to the control
subjects (14).

We aso adjusted our analysis for other cardiovascular risk
factors, like body mass index, family history of myocardial
infarction, hypertension, diabetes, acohol intake, physical
activity , and LDL and HDL-cholesterol levels and found that
the association between adiponectin and risk of coronary heart
disease was independent of these factors (14). When we
categorized subjects into quintiles those subjects in the highest
compared with the lowest quintile of plasma adiponectin levels
had about a 40% reduced risk of coronary heart disease. When
we further adjusted for other potential intermediate variables,
like triglycerides, HbA1c or CRP levels, the relative risk was
not substantially changed. These findings suggest that
adiponectin may be independently association with coronary
heart disease.
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Our next question was: What is the relationship between dietary
factors and lifestyle behaviours and adiponectin levels ? We
analysed this in our dataset cross-sectionally and found
significant relations of adiponectin with dietary factors,
indicating that adiponectin may indeed be related to diet.

In conclusion, we can learn from these observational cohort
studiesthat dietary and lifestyle factors, such as trans-fatty acids
consumption and physical activity, may not only predict body
weight gain, but may also specifically predict the fat distribution
pattern; in other words a gain in visceral adiposity. Dietary and
lifestyle factors are also related to obesity-related inflammatory
markers, like TNF, IL-6 and CRP, and to chronic disease
incidence. Adiponectin is a relatively newly identified protein
that is exclusively secreted by the adipose tissue. Our study
shows that high adiponectin levels predict a lower incidence of
coronary heart disease. Furthermore, given its potential

association with macronutrient intake, adiponectin may be a
novel mediator which links diet, lifestyle and obesity to chronic
diseases, like type 2 diabetes and coronary heart disease.

Current research aims to further examine the association of
lifestyle and diet with obesity and obesity-related mediators. In
this context, observational cohort studies are a cornerstone to
help gain a better understanding of the pathophysiology of
obesity and to find possibilities for prevention and treatment.

I would like to thank my colleagues, especialy Pauline Koh-
Banerjee, who provided and published the analysis of changesin
waist circumference; Eric Rimm, whom | had the privilege of
working with during the last two and a haf years, and Walter
Willett, Gokhan Hotamisligil, Susan Hankinson, Frank Hu, Meir
Stampfer, Cynthia Girman, and Nader Rifai for their
contributions and support of these projects.
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Diet and lifestyle in relation to obesity : Lessons from observational cohort studies

—Questions

Member of the audience
An excellent presentation, thank you very much. Did you find any correlation between trans-fatty acids and adiponectin
levels ?

Tobias PISCHON

The association between adiponectin and individual fatty acids is an interesting question, because in cell cultures and
experimental settings, polyunsaturated fatty acids may specifically affect PPAR-gamma, and PPAR-gamma in turn may
affect adiponectin levels. However, types of polyunsaturated fatty acid in our diet are highly correlated with each other; it
istherefore very difficult to tease out associations for individual fatty acids. This would require a larger sample size than
our study.

Member of the audience
It is probably closely related to the transcription factor regulation.

Tobias PISCHON
Yes

Member of the audience
What are the trends for the intake of trans-fatty acids in the United Sates, for example? Do they eat more and more trans-
fatty acids or less and less ?

Tobias PISCHON

Currently there is an increase in trans-fatty acids. In our data, trans-fatty acids contributed to about 4-5% of total fat and
about 1% of energy intake. In the United Sates, it is now mandatory to indicate the amount of trans-fatty acids on the
nutrition labels. | assume that trans-fatty intake probably starts to decrease in the near future.

André SHEEN

| was very interested by this association between adiponectin levels and dietary factors. Can you comment further about
this? | am concerned about reconciling such large epidemiological data with correlation even after multi-variable
adjustments and pathophysiological or mechanistic processes. Can you speculate what the mechanism would be? What is
your explanation, because cor relation of cause is not an explanation ?

Tobias PISCHON

Adiponectin levels show only a small degree of short-term variability. Thereisa slight circadian variability with a small
increase during the day and a small decrease at night, but this seems negligible.. Thereis also no effect of acute meal
intake on adiponectin levels. Lessis known about long-term effects. Our cross-sectional analysis between dietary factors
and adiponectin levels can only show associations; it cannot tease out what is cause and what is effect. Further studies are
needed to determine the causal role of adiponectin.
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SESSION 1 : Obesity and diabetes : two multifactorial diseases

CONCLUSION

Philippe Vague
Department of Nutrition-Endocrinology-Metabolic Diseases, University Hospital of Timone, Marseille, France

To conclude, | will underline afew factsthat struck me. First, on Dr. Seiddll’ s communication about the pandemics of obesity
and diabetes: athough average body weight of individuals within a given population has not changed, there are twice as many
obese subjects with BM1>30 and four times as many massively obese people. This means that obesity, as adisease, has been
developing, notably massive obesity. Regarding Pr. Sheen’ sintervention on rel ationships between diabetes and obesity, | would
like to stress that, beside Rodbell’ s 40 year-old classica theories —that are true and maybe a bit smplistic —in which excess
fatty acids released by adipose tissues are the cause of insulin resistance, we may now consider that adipose tissues influence
insulin resistance through many other mechanisms: Firgt, through ectopic fat depositsin muscles and the liver, perhaps dso the
pancreas; second, through severa fat tissue secretions (hormones or cytokines). Denis Lairon has shown rel ationships between
genes and nutrition in obesity development: | will only underline inequalities among human beingsin terms of dietary overload
or energy spending. To complete the same amount of activity, some of ususe alot of calories, while others do not. Those who
do naturally burn alot of caloriestend not to gain weight, while others tend to gain weight. Thisisacrucid point. | would also
liketo revert onthe last dide: nutrigeneticsisthe way our genesallow usto use nutrients, and nutrigenomicsis the way nutrients
act on our genes.

Asfar as Dr. Pischon’ slast communication, | will comment on two or three aspects. As years go by, when you grow 10 years
older between 30 and 60, even if your body weight remains unchanged, you waist measurement increases by 3 cm. Thiscan
be managed through physical activity, i.e. fast walking and through dietary control, i.e. esting less trans-hydrogenated fat. That
isit for thisinteresting morning session, which allowed us to go from fundamental mechanismsto practical issues
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Introduction

Ambroise MARTIN

AFSSA/ DERNS (Direction for Risk Assessment for Nutrition and Food Safety, French Food Safety Agency),
27-31 avenue du Général Leclerc, BP19 - 94701 Maisons-Alfort cedex, France

We have had some very interesting lectures thismorning. From the
manager’ s point of view, two points emerge. First, obesity isa
major public health concern. Thisisclear and it is scientifically
proven. Secondly, nutrition is avery important issue in this
problem. For the managers, and | speak from my recent experience
in the French food safety agency (AFSSA), how can we trandate
this sound scientific background into practical actions ? This
afternoon’s workshop is clearly in line with the morning's
presentations and will give a further opportunity to present the
results of scientific research to support practical actionsin thefield.
It isvery important to have a sound scientific background to
manage the problem. For example, from my experience, not only
in AFSSA but also in the French National Food Council, we are
now thinking clearly about the development of afood policy — not
just anutrition policy, not just an agricultural policy, but afood
policy that can fill the huge gap between the two existing policies,
an agricultural policy devoted to the improvement of production
and so on, and a nutrition policy devoted to the health of the
population. The objectives of these policies are clearly divergent
and are often very contradictory. So we need to develop afood
policy and for that, we need a very sound scientific background.

| am not a specialist on obesity but | would like to emphasize some
points from my experience. The subject of the workshop istherole
of fruits and vegetables in weight management and obesity
prevention. Itisimportant for biological sciences, clinical sciences
and epidemiology to provide very strong evidence, because beyond
this evidence, alot of scientific research has to be done with the
view of putting the results of the scientific work into practice at the
population level. For example, in the area of fruits and vegetables,
there are four very important points that are divergent and also
contradictory and which deserve a scientific approach. It isclear
that not enough research has been done in these areas, especidly in
France.

Thefirst oneistaste. The evolution of the economic background
of the organization of the food chain has not had the best resultsin
thisfield. The development of the big distribution chains and the
need for convenience for thistype of distribution is clearly against
the maintenance of good taste or the organoleptic properties of
fruits. That isimportant to consider also.

The second topic is the nutritional quality of foods. The
development of new varieties, new species and new processes of
fruits and vegetables in the past was clearly based solely on
technological properties and productivity. Together with the
Academy of Agriculture, we have devel oped some ideas about the

introduction of nutritional criteria in the development of new
species and varieties of fruits and vegetables. It seemsdifficult to
implement for the moment but it isimportant to make the first step
in thisdirection.

The third isabout price. Yesterday, Mr. Drewnowski clearly
demonstrated the importance of price. Itisclearly divergent from
the other topics but it too illustrates the importance of the
development of afood policy.

The last topic of concern for me in AFSSA relates to food safety.
In the context of the recurrent food crisesin recent years — BSE,
then dioxin and PCBs, and so on —the emerging problem concerns
pesticide residues in fruits and vegetables. We need better
collaboration between nutritionists and toxicologists. Perhaps that
isadream, but it could perhaps become aredlity in the future if we
want. There are many studies in nutrition on the link between
nutrients, nutrition and foods with health. On the other hand, we
have many problems concerning food contaminants and we need
the tools to assess the risks linked to food contaminants correctly.
The contamination of foods by pesticide residues and other
contaminantsis clearly of concern for the consumer.

The two assessments, nutritiona benefits on the one hand, and risks
linked to toxicological problems on the other hand, are not
connected now. Everyone would benefit from having a better
connection between the two and | think that nutritional
epidemiology could provide much valuable data in order to
improve risk assessment in these areas. My best wish is that there
isabetter link between the two in the future.

Obvioudly, in the studies demonstrating the benefits of a high
consumption of fruits and vegetables, the fruits and vegetables are
consumed as produced — they are consumed with their
contaminants. However, for the food policy managers to be
convinced, the ratio between the benefits and the risks needs to be
assessed better and there is also a need to be able to communicate
with consumers about these types of problems. How, for example,
do we manage the risk between pesticide residues and, if we do not
use these types of products, the increased consumption of
mycotoxins, for example? We clearly need to develop such tools.
Thisisavery important issue for basic science showing the benefits
of fruits and vegetables, and it is of great concern for the managers.

| will end my presentation now so that we have enough time for the
scientific presentations, but | think it isimportant for everybody to
keep al these problemsin mind.
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Mediterranean diet and obesity

Antonia TRICHOPOULOU
Medical School, University of Athens, Department of Hygiene & Epidemiology, 75 Mikras Asias Str GR-11527 Athens Hellas, Greece

Thank you Mr. Chairman. Ladies and gentlemen, dear colleagues
and friends, it isaprivilege for me to be here in a Mediterranean
city, Perpignan, to talk about the role of diet and lipids on obesity
in the context of the Mediterranean diet. | wish to thank again
the organisers for giving me this opportunity.

It has been repeatedly mentioned since yesterday that the rise of
obesity has reached epidemic proportions and has escalated to
become aworldwide problem. | think it istime, as our Chairman
mentioned before, to formulate nutrition policies to battle the
problem. Messages need to be developed and dietary guidelines
have to be proposed, documented and promoted.

Up to now, the exiging guidelines, as developed by severd
organisationsin several countries, have been interpreted mainly as

During the last 25 years severad of us have argued that “fat”
reduction’ could be detrimental for some populationsin southern
Europe. In Greece, 40% of energy intake comes from “fat”. A
step in the right direction was the recommendation in the third
report of the National Cholesterol Education Programl. They
recommend 25-35% of total calories from “fat”. Some of you
will remember that 20% was a common objective only 15 years
ago. Yet, asit was mentioned repeatedly this morning, reduction
of fat intake in the United States was associated with weight
gain. The reduction in physical activity was not large enough to
explain this rise in body weight.

Yes, the Greeks too are becoming obese. Some say it is because
of our high “fat” intake. | do not think thisistrue, because even
in the 60s when we were lean and had the highest life expectancy

targeting a reduction of "fat”
intake. Thus, people are advised
that fat has to be reduced for
obesity to be reduced. The
question arises, especialy from
Mediterranean people: What is
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in the whole world, even
higher than the Japanese,
Greeks were consuming a lot
of fat: 40% overall and 43%in
Crete. At that time, of course,
they were walking much

meant by fat, because fat Pzt more. But today, we are
has different meaning in i S becoming obese. Why is this
different populations. For the ¢ "'_il — happening ? It is because the

Mediterranean  populations
“fat”, itismainly oliveail. Inthe J
northern European countries, it
is mainly anima fat — milk, r
cheese and meat. So these
linguigtic details may have great il
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energy intake has increased
i substantially and energy
i expenditure has declined
dramatically.

| think that we should re-

influences  especiadly  for s b evaluate whether low-fat diets
populations that have not A . AT should  be  the  preferred
developed their own guidelines * =i i approach to weight reduction.
and adopt the guidelines of other F wry Spiatie I It would be better to focus on
countries or international J = - total energy intake and
organisations. A L physical active and not so

f L much on whether the energy
Fats and oils are distinct i Y comes from fat or from

categories in the broad group
of lipids. Some of ushave
been advocating for years that e L A
instead of using the term “fat”

carbohydrates. Indeed, there
are now two schools of
thought: one advocates
moderate to high-fat diets (but

we should be using the term “dietary lipids” Thus the
differentiation of the type of “fat” isfeasible. Thereissubstantia
evidence indicating beneficial effects for health from some types
of dietary “fat”. Thisiswhy inthe Greek dietary guidelines,
which are based on the Mediterranean dietary pattern, the fraction
of energy intake that can be derived from dietary lipidsis not
specified. It is only mentioned that the main added lipid should be
oliveoil. It isimportant to mention that in  Greece and most of
the Mediterranean countries, olive oil also promotes a high
vegetable consumption. Reduction of “fat” in the Mediterranean
countries would automatically be associated with reduction in
vegetable intake. It should also be stressed that vegetablesin
Mediterranean Countries are frequently consumed as a main dish
aswell asintheform of salads. Quite often colleagues, especialy
from the United States, ask me how we manage to consume 500
grams of vegetables aday, on average. The answer is that we do
not eat them on their own; we eat them cooked in olive oil with
onion, garlic and alot of herbs, asamain dish.

low in carbohydrates) whereas the other advocates low-fat diets.

For the low fat advocates, energy intake is reduced when you are
eating less fat: one gram of fat provides 9 calories and one gram
of carbohydrates or proteins provides 4 calories. But, energy
density should also be considered. If you mix vegetables with
olive ail, on the average it is not so energy dense. When we talk
about fatty foods, we are redly talking about energy-dense
foods, like cookies, rich ice cream, pastries etc. In genera, for
every food you should consider how much energy it provides and
to which extent it induces satiety.

An interesting meta-analysis by Astrup in Denmark summarizes
the results of controlled trials lasting over two months?. If you
want to test the success of a diet for reducing obesity, you have
to check the adherence and the length of time it was
implemented. So, in this meta-analysis, the trials included have
|asted more than two months, although generally lessthan ayear.
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The results show that a reduction in dietary fat without
intentional restriction of energy intake causes weight loss that is
most evident in heavier subjects. | underline “without intentional
restriction” because when you are comparing high and low-fat
diets, you need to assure iso-caloric diets.

On the other hand if we review the randomized trials focusing on
reduced fat intake and lasted for more than one year, meaning
that we also address the adherence parameter weight reduction
varied from none to rather little with an average of about 1kg.

There is a need for a study that evaluates moderate-to-high fat
intake and balanced nutrition, that is, diets that can be integrated
in our everyday lives because they are acceptable and pleasant.
In this way, taste increases long-term adherence. One of these
diets is the Mediterranean diet (Figure). Such a study was done
by McManus et al3. It was a randomized controlled trial of a
moderate-fat diet, compared with alow-fat diet, both low-energy
among overweight adults. In the study, 101 overweight men and
women participated. In the moderate-fat diet, the energy
percentage of fat was 35%, and in the low-fat diet it was 20%.
Both groups adhered to the diet for the first six months, but by
the 18th month most of participants abandoned the low-fat diet.
In the Mediterranean part of the world where we are used to
moderate to high-fat diet, it is very difficult to do what the
Japanese and Chinese are doing. At the end of 18 months, weight
loss for the moderate-fat diet was almost 7 kilos, whereas those
on the low-fat diet, actually gained weight. People, who diet and
fail, gain more weight afterwards.

These data are revealing: weight reduction is very quick in the
beginning. The weight reduction on the moderate-fat diet reflects
adherence to adiet which is palatable. Those on the moderate-fat
diet maintained the weight reduction, whereas those on the low-
fat diet largely abandoned it. Thus, the metabolic evidence that
the low-fat diet is more efficient than the high-fat diet is not, by
itself, persuasive.

It would be an omission if | did not mention the current trend in
the United States: the low-carbohydrate diet. Low-fat diets are
no longer popular in the United States. People are not concerned
about fat, but they are concerned about carbohydrates4. Let us be
realistic. What does alow-carbohydrate diet mean if it does not
mean increase of fat in the diet? What does a low-fat, high-
carbohydrate diet mean, other than increasing triglycerides,
reducing high-density lipoproteins, increasing the risk of glucose
intolerance and metabolic syndrome?

| think we have to think again about guidelines focusing on
reduced fat intake. First of al, we have to think of what is meant
by “fat” in the Mediterranean and the other western Countries.
In a paper on a cohort study in Spain, it was found that
consumers of large quantities of olive oil had low saturated fat
intake, high vegetable and legume consumption and more
adequate vitamin intaked. In the Epic Greek cohort, which
comprises 28,000 Greeks, we are doing an analysis. These data
are not yet published, but we found that a 10 gram increase in
olive oil consumption is associated with a 110 gram increase in
vegetable consumption. | think the beneficial effects of olive oil
are well known and | do not want to be repetitive, but when
preparing for this presentation, | found a paper that was
published recently and indicated that olive oil may be effective
in reducing insulin resistance 6.

Conclusion: the reduction of the percentage of energy from fat
causes a short-term reduction in body weight. Data do not support
superiority of low-fat diets for weight loss in long-term trials.
Alow energy, moderate- to- high lipid intake Mediterranean diet
can be a tasty successful approach to long-term weight loss.
Additional research is needed for extended periods of time. We
need to know how we will transfer the message to our population,
because as Hippocrates said, “ The obese die faster than the lean.”
He said that 2500 years ago and | think it still applies today.

Thank you for your attention.
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—Questions

Antonia TRICHOPOULOU

There was an unfortunate development in Greece 25 years ago with the invasion of seed oils. People started cutting down
the olive trees because it was said that the seed oils reduced cholesterol. We have another problem right now: the enriched
margarine problem. Margarine enriched with sterols and stanols. Greeks are eating it with a spoon because it is intensely
marketed. They attempt to reduce their cholesterol by eating margarine, and so they are getting extra calories.

Member of the audience

Thank you Antonia. | would just like to make a comment. We are performing an intervention study in Marseilles, the Medi-
RIVAGE intervention study, where we are comparing Mediterranean-type diets, with a moderate amount of fat and
especially olive oil, with the usual low-fat or low-cholesterol diet. | can confirm what you showed. At first, the confiance
was much better after three months. So the intervention was carried out after three months and then one year. When the
Mediterranean diet was compared with the low-fat diet, the low-fat diet drop-out rate was double that of the Mediterranean
diet.

Secondly, the efficiency in weight reduction was better in the Mediterranean diet as compared to the low-fat diet. | think
there isincreasing support saying that a moderate-fat diet would not be detrimental and that maybe a high carbohydrate
diet, aslong asit is poor in fibre and rich in readily-available carbohydrates, could be rather detrimental to body-weight.

Member of the audience

You mentioned a little about some of the changes that are happening in your traditional eating-habitsin Greece. Can you
say more about what else is going on in changing eating-habits? What else is happening in Greece in terms of the changes
fromthe traditional diet?

Antonia TRICHOPOULOU

In Greece, as everywhere else, we have seen a big change over the last 20 years. | think that the phenomenon is basically
societal. | remember 15 years ago, people did not drink wine because they thought they belonged to a higher societal
stratumif they drank whisky or beer. Because they were bombarded by television, they did not trust what they heard from
the scientific community. They were trying to adapt and imitate.

Secondly, the effect of marketing is pervasive. | worry a lot about the future of the Mediterranean diet in our region. Young
children do not have the experience or the taste of the traditional Mediterranean diet. One example concerns the Greek
yogurt: in order for it to be marketed in Northern Europe, it has to be sweet, even though Greek yogurt is sour. By making
it sweet, yogourt does not hold the same bacterial flora.

So now, Greek children do not like the traditional healthy sour Greek yogurt. So our effort in the Greek Ministry of Health
is to focus on the schoolchildren.
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Fruits, vegetables and body-weight management

Beth CARLTON-TOHILL
Centers for Disease Control and Prevention (CDC), Chronic Disease Nutrition Branch,
Division of Nutrition and Physical Activity, 4770 Buford Highway MS-K26 Atlanta, GA30341, USA

Good afternoon and thank you so much for having me here
today. The title of my talk is “Fruits, vegetables, and body-
weight management”. The goa today is to have everyone
understand the potential rolethat fruits and vegetables play in the
prevention and reduction of overweight and obesity.

Goal

Understand the potential
role fruits and vegetables
play in prevention and
reduction of overweight
and abesity

| am going to go through alot of studies that are all covered in
these two reviews. The first review was published in January of
this year, and the other review that covers the epidemiological
studies will hopefully be out this autumn, | am told. | will go
quickly through these studies now so that you can refer back to
both these papers. They go into much more detail.

My outline for today’ s talk is going to be :

- Why fruit and vegetables for weight management ?

- What does the research tell us ?

- What can we learn from other evidence ?

- What are some of the caveats when dealing with the
relationship of fruit and vegetables consumption and body
weight management?

First, why do fruit and vegetables help prevent disease and
provide nutrients ? In a recent scientific overview by Diane
Hyphon, the conclusion from that paper was that current
evidence collectively demonstrates that fruit and vegetable
intake is associated with improved health, reduced risk of major
diseases, and possibly, the late onset of age-related indicators.

| think that the science is very strong in these areas. These are
very popular maps today but since | work for CDC, | till have
the right to show these maps. This is the most recent one that
you saw earlier today, basically showing that 60% of our
population is overweight and 26% of those overweight are
defined as obese, with aBMI of 30.

We also know that in the United States, we do not meet our
recommended allowance of fruit and vegetables a day: five a day
isour goal. Thetotal is4.2, but if you take out potato crisps and
French fries, we drop down to 3.6. Impressive, isit not ? So we
know that only one in five adult Americans meets the
recommended five aday. Eighty-nine percent of teenage girls and
96% of 2-12 year-olds fall short of eating the recommended 5 a
day. There have also been studies showing that obesity levels are
lowest among those with the highest fruit and vegetable intake.

What does the research tell us ? | am going to take you through
aseries of studiesthat ook at different aspects of eating and food
intake. First, we are going to look at satiety studies. Satiety isthe
effect that food has after a meal has ended. How full do we feel ?
Then there is satiation. That process is involved in the
termination of a meal. What makes us stop eating ? And then
there is energy density, which people have talked about briefly,
but that is the relationship of calories to the volume of food.
I will go into that in more detail later.

What food properties affect satiety ? Thereisawholelist of them
here, there are sensory properties, and energy density isthe main
one that | am going to cover. Then there is aso volume and
physical properties of food.

The first couple of studies that | am going to review look at the
addition of vegetables and their effect on satiety. They looked at
meals that had added vegetables and equal caories, but they
showed that once they had at least 200 grams of added carrots
and spinach, it enhanced the fullness, and people felt fuller when
there were more vegetables in the meal.

Another group looked at satiety over two hours, of once again
iso-caloric foods. They looked at 38 foods, and the highest
satiety ratings came from fruit and potatoes, though they did not
do alot of other vegetables, it was mostly potatoes. However,
they showed that these foods do enhance fullness.

On satiation, this was by Bell and colleagues. They studied
women. They gave them meals for two days and they had low-
energy density, medium-energy density, or high-energy density
meals. They were told to eat as much as they wanted so it was
given to them buffet style. The menus were very similar, except
for the addition of vegetables to reduce energy density.
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They found that the groups rated the meals as very similar and
they tasted good, which we know from our last talk is very
important. They ate a similar amount of food, so the amount
they were putting on their plate and consuming was the same.

Because some of them were on high-energy density meals,
which meant they had more calories, these women ended up
consuming an average of 1 800 calories a day. However, for
those on the low-energy density diet, it was less than
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1 400 calories aday. So they tasted the same and they ate the
same amount, but they took in fewer calories. Hereit is graphed
out. You can see for food intake that they ate the same amount
of food over the two days with breakfast, lunch, dinner and
snack.

However, the statistical difference shows up in the energy intake
because the high-energy density meals had more calories, and the
low energy density had fewer calories. Also, on these same diets,
the women reported the same amount of hunger across the
different diets, and also fullness was the same. So calories did not
matter here, it was more the amount of food that they were eating.

Subsequent to that Bell and Rolls did a study in which they
looked at energy density in fat content to see if fat content had
influenced it. They varied by adding fruit at breakfast and
vegetables at lunch and dinner. They found that the energy
density affected an energy intake across al fat levels. So it did
not matter how much fat wasin the diet, it was the energy density
that mattered: the lower the energy density; the lower the caloric
intake. Once again, the participants ate similar amounts of food,
so those in the low-energy density group ate 500 fewer calories
aday than the high-energy density.

What happens when we give dietary advice to increase fruit and
vegetables ? There is a series of studies where they looked at the
AHA (American Heart Association) fat-reduced diets. They
wanted one group to increase fruit and vegetables by at least
400 grams aday. Thisintervention group actually exceeded that
goal and got to 575 grams of fruit and vegetables a day and lost
at mean of almost 14 pounds after one year of follow-up.
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The other group was a fat-reduced diet, but without the added
fruit and vegetables. It isimportant to say that this group did get
less dietary counselling, and they got a different message of not
emphasizing fruit and vegetables. They ended up losing weight,
only about 5 pounds, but they increased their fat and calories
over the year, so as they moved away from the intervention, they
increased their fat and calories. Hereit is graphed out for you, so
you can see the difference. The weight loss was more dramaticin
the low-fat group with increased levels of fruit and vegetables
than in the low-fat group. That is over ayear’stime.

Shintani and colleagues also did a study in Hawaii of traditional
native Hawaiian diets. They let them eat as much as they wanted
and it was adiet very rich in the native fruit and vegetables, which
Hawaiians have now moved away from. The intervention diet
was much lower in energy density and fat than the habitua diet.

After three weeks, they measured reduced energy intake by over
1 000 calories a day, and they lost a mean of 17 pounds. They
aso reported that the diet was very satiating. | have the graphsto
show this. There again, food intake per grams per day was the

Fruits, vegetables and body-weight management

same from the base line to the intervention, so they ate the same
amount of food. Yet, because of the energy density drop, the
amount of calories per day went down significantly as did their
body weight. There again, you have to remember the study was
only for three weeks, so they are impressive results. We would
like to see it over alonger period of time.

Again, dietary advice isto increase fruit and vegetables. The Mr.
Fit, or the Multiple Risk Factor Intervention Trial, reduced fat
and increased fruit and vegetable intake to help lose weight, and
the ultimate goal was to improve the blood lipids and blood
pressure of the menin the study. They found that thiswas related
to the maintenance of weight loss in those who increased fruit
and vegetable intake, so they kept the weight off longer, and the
subjects who lost more weight than the rest of the cohorts also
showed a greater intake of fruit and vegetables.

In another multidisciplinary weight control programme, they
took 213 obese adults and had them eat energy-restricted low-fat
high-carbohydrate diets, but again they emphasized unlimited
fruit and vegetable consumption. After 7 months, 70% of the
subjects had lost an average of 6.3 kilos, and after 25 months of
follow-up, 53% of the subjects continued to lose or maintain
their weight for aweight loss of 8 kilos over the long term.

One more thing about the previous study was that they did not
specifically ask about fruit and vegetable intake. We only know
what they advised but we do not know exactly how much fruit
and vegetable they took in.

Adietary adviceto increase fruit and vegetables was done by Epstein
and colleagues on afamily level. They wanted to do an intervention
inwhich therewas at least one obese parent and anon-obese child in
the family. They were randomized to one or two groups. In one
group, the message was to increase fruit and vegetable intake, and in
the other group it was to decrease high-fat and high-sugar foods.
After ayear, the fruit and vegetable group lost more weight and
actually decreased their intake of high-fat and high-sugar foods. So
they lost more weight and had the double message.

If you look here, the yellow lineis decreased fat and sugar only,
and the green line isincreased fruit and vegetable only. So they
lost more weight over ayear. That was asignificant difference. So
here a positive message is more effective than a negative message:
telling people what they can eat rather than what they cannot.

What do we have in the realm of epidemiologic evidence ? Not
much. | am going to highlight three studies. There are more
studies out there, but they looked at varied associations only and
at chronic disease outcome rather than weight loss and they just
happened to includeit in their analysis. | am going to look at the
studies where it was at least one of the primary focuses.

Kahn and colleagues took the data from cancer prevention
studies too. They found an inverse association between a ten-
year changein both BMI and waist circumference with vegetable
intake, which they defined it as greater than 19 servings per
week. Thiswas seen in both men and women. A lot of the epi-
studies show it in either one sex or the other, but this study
actually showed it in both men and women. It is promising, but
they only looked at vegetables, they did not look at fruit, and
they included potatoes in this analysis.

With the behavioural risk factor surveillance study, Serdula and
colleagues looked at the correlates of fruit and vegetable intake.
They found that underweight women consumed more fruit and
vegetables than normal weight women, but there was no
difference between normal weight and overweight women. So
the difference was only seen in the underweight women. There
was no difference seen in the men.
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In a continuing survey of food intake of individuds, Lin and
colleagues took this data and looked at it very precisely. Thiswas
the main outcome of the study. They took into account white
potatoes and fruit-juice, and they looked at both fruit and vegetables.
They found that obese men ate fewer vegetables and more white
potatoes. They saw no differencein vegetable or white potato intake
among women, however, but they found that both obese men and
women ate less fruit compared to the lower BMI categories. They
did see the strong relationship with higher fruit consumption and
lower BMIs. Thiswas aso reflected in the data with children, which
I did not present here.

What is the link to energy density with fruit and vegetables?
Energy density is the relationship of calories to volume, so it
equals calories over grams of food. Water and fibre decrease
energy density, while fat increases it. Barbara Rolls, in her book
“Volumetrics’, came up with four categories of energy density:
very low, low, medium, and high.

I will quickly go through very low-energy density foods: fruit and
vegetables, skimmed milk, broth-based soups. Low-energy density
foods include beans, legumes, oatmedl, packed tuna in water,
bananas. Medium-energy density foods include mest, cheese, hard-
boiled eggs, jelly, raisins, and also bread products such as bagels,
pretzels and popcorn. High-energy density foods include crackers,
chips, cookies, nuts, butter and bacon. Thisisjust asampling of the
foodsin these categories.

Thisisto show you avisua on how water affects the energy density.
Onyour right are grapes. Thisisa 134 cup of grapeswith an energy
density of 0.7. Ontheleftisa1/4 cup of raisins, with an energy
density of 3.0. All they did to get raisins was take the water out of
the grapes, and both these servings have 110 calories. So you can
see how this could make you fuller than the raisins.

Again, comparing water contents, both pretzels and cheese have low
water content. Both of these portions have 100 calories and the
same energy density for an ounce of food. Now, let uslook at this
with asandwich. We est alot of sandwichesin the United States.
Over here, we have a sandwich that equals 626 calories with an
energy density of 3.2. When you take away some of the meat and
cheese, use lower fat options, and increase the vegetabl e content,
you bring it down to 429 calories with an energy density of 1.7, and,
as you can see, the volume increased.

Then again, we looked at it from ameal standpoint. The meal on
your right weighs 320 grams and has the same number of calories,
475, and the meal over here has 700 grams. So you are increasing
the volume of food you are eating, but staying at the same calorie
and macronutrient percentages. What is aso noticeable hereisthat
you can see an increase in vitamins, minerals and phyto-nutrients,
just from increasing your intake of fruit and vegetables.

In another study by Stubbs and colleagues, they looked at energy
density independent of fat content and influences on the body
weight in men. They looked at weight loss over a two-week time
period. High-energy density gained weight, medium-energy density
stayed about base line, the low-energy density lost weight. They
changed energy density by theinclusion of fruit and vegetables. The
participants ate a similar amount and weight of food. Energy
density was decreased, which spontaneously led to reduced energy
intake. Thisstudy is another good example showing how fruit and
vegetables added into the diet can reduce energy density, and
allowing satisfying portions so that people can still eat and yet
reduce calories.

What are some of the caveats when wetalk about fruit and vegetable
consumption and weight management ? The physical form of the
food is very important to consider. The preparation methods and
how we eat fruit and vegetables. Comfort foods; why we edt.

In some studies that have looked at the physical form of food,
researchers have found that when they compare apples to apple
purée and apple juice, the apples that had a higher percentage of
fibre were associated with higher satiety ratings than the apple purée
and fibre-free applejuice. So, eating the whole fruit made you feel
fuller than drinking apple juice or eating apple purée. Thiswas
found to be true in other studies for oranges versus orange juice and
grapes versus grape juice.

Preparation methods: fruit and vegetablesin their natural state are
low-energy density foods, but the preparation methods may increase
energy density. This happensin particular in the United States.
Some examples of what we do are adding butter and brown sugar
onto sweet potato, which is avery hedthy low-energy density food
by itself; we add salad dressing, cheese, and croutons on our salad;
we bread our vegetables and fry them; we put butter and sour cream
on our white potatoes. Y ou can see why that map of the United
States is getting fatter and fatter.

Before | goon, | think it is also important is that in epidemiological
studies, we do not take into account how people eat food. We will
say “Did you eat fruit and vegetables 7" They may respond “Yes’,
but we did not ask how it was prepared and | think that we arelosing
some of the research. We could make this point about the
relationship between fruit and vegetables and weight stronger.

Why do we eat ? In the United States, we call them comfort foods.
We eat to make ourselves feel good. If we are stressed, tired, or
lonely, we eat. Alot of times, people est to overcome fatigue. A lot
of people aso mistake thirst and hunger. So if they feel they need
something, instead of drinking, they will eat. Again, in research
studies, we do not normally ask people why they eat; we ask them
what they eat. We might get a better feel on defining messages on
how to et fruit and vegetables or a hedlthy diet if we had a better
idea of why and when they eat.

Now for my summary. Fibre has been associated with increased
satiety and reductionsin energy intakes. Lower fat diets decrease
energy intake because they are lower in energy density. Dietary
interventions of low-energy dengity diets, which meansthey arelow
in fat but high in fruit and vegetables, led to spontaneous weight
loss. Fruit and vegetables can be a part of weight loss programmes
by helping to avoid feelings of deprivation so that you feel you are
still eating, and yet enhancing satiety and feeling full.

Increasing fruit and vegetables can be a positive message about what
can be esten rather than what cannot be eaten. This has shown to be
effective. People can eat low-energy density foods in greater
amounts than high-energy dense foods for the same amount of
calories. If you remember, alot of those studies showed that people
eat the same amount of food from day to day, so if we can lower the
energy density and bring down the calories, but they can see the
same amount on their plate, that leads to decreased energy intake
and, eventually, weight loss.

Both water and fibre increase the volume of foods, and decrease the
energy density. Fruit and vegetables are high in water and fibre, so
they can decrease the energy density. And fruit and vegetablesin
their natura state are good substitutes for high-energy dense foods.

Decreasesin dietary energy density, regardless of the macronutrient
composition, has also been associated with reductions in energy
intake. Choosing foods that are low in energy density enables
individuals to consume satisfying portions while reducing energy
intake. Finally, we do have some short-term clinical trials that
support arole for energy density in weight management.

| would like to acknowledge my colleagues who cannot be here but
who have worked on both these review papers with me.
Thank you.
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—Questions

Member of the audience
| am not a specialist of thistopic. Are you aware of studies that are inconclusive or negative ?

Beth CARLTON-TOHILL

Are there studies that show no effect of fruit and vegetablesin weight loss ? Yes, there are such studies. They are in the
comprehensive review, but most of the epidemiological studies do not show an association. However, we are thinking that
that was because of the way the data was collected. It was not the primary outcome of the study; they were looking at
chronic disease outcomes. If they had had a more careful assessment of the diet, the subsequent data now says that they
may have shown more of an effect. However, some of these studies actually include potato crisps and French friesas a
vegetable, so it is going to be harder to see a correlation with lower BMI.

Member of the audience
e can consider that the beneficial role of fruit and vegetables in weight management is generally agreed and is firmly
justified. It isimportant for a matter of public health.

Beth CARLTON-TOHILL
It is very important, and what | set up for you today is the logical progression that fruit and vegetables should lead to
weight loss if they are prepared correctly and are not eaten in addition.

Member of the audience

Wendy van Herpen, from Unilateral Health Institute from the Netherlands. Thank you very much for this nice overview.

| am looking forward to reading your review papers. | have a question on fruit and vegetable intake. You mentioned that
one of the caveats was that the preparation methods are not really known. Do you know if processed fruit and vegetables,
such as soups, pasta sauces or pizzas are included in the fruit and vegetable intake ?

Beth CARLTON-TOHILL

In the controlled studies where | showed the data, that was not the case, but in the epidemiological studies, yes. It is most
likely that they will include things like pizza sauce and pasta sauce irrespective of how they were consumed. Juice may be
considered as a serving of fruit for a day. As| said before, things like potato crisps and French fries can count. Some
studies accounted for it and some did not.

Member of the audience

You never mentioned anything about how many meals per day we should divide our calorie intake into. It is very important,
especially to me, because it has already been mentioned that obesity is a post-prandial phenomenon. | think it is very
important to say that the total calorie intake should be divided into at least five meals a day, and decrease the turnover of
fatty acids, and decrease their effect on gene expression and transcription fat. What is your opinion ?

Beth CARLTON-TOHILL
On how much ?

Member of the audience
Yes, on how many meals a day ?

Beth CARLTON-TOHILL

I would say on all meals. If, aslong as you are eating more fruit and vegetables, and taking away another calorie source,

if you are substituting fruit or vegetables at breakfast, but you take away bread or whatever else you eat normally at
breakfast, then | would say you could incorporate it at every meal. The one study shows that the threshold of fat is

200 grams per meal. Then we would be getting close to the Greek data of over 600 grams per day. However, there is no
science behind that, as of yet. We only know that 200 grams per meal seems to be a threshold where people fedl full for less
calories.
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Member of the audience

Could you comment, please, on the relationship between energy density and the glycaemic index concept? Are they close?
| get the feeling that they are, coming from the diabetes world. | wonder if they have a similar usefulness as a concept for
people without diabetes.

Beth CARLTON-TOHILL
| think so, absolutely. Recommending a lower energy density diet would help with that. |sthat what you are asking me?

Member of the audience

The connection has been made by people with diabetes, perhaps wrongly, perhaps correctly, that if you eat low glycaemic
index foods, concentrating on the sugar increment, they actually help in weight loss. | wonder if that is because of the
energy density component as the main mediator of the process of weight loss or weight control.

Beth CARLTON-TOHILL
Probably, because you are getting fewer calories and still getting the fullness feeling. | think you are taking in fewer
calories.

Adam DREWNOWSKI

Let me comment on your last point, if | may, on the energy density of foods and diets, which is linked to the water content
and pretty much nothing else. Energy dense foods are dry and energy dilute foods are wet: end of story. So, thereisno
connection to the glycaemic index whatsoever. None. It is linked to fat as well, but water accounts for most of the
variance.
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The role of fruit and vegetables in the fight against
obesity

Christian REMESY
National Institute of Agronomic Research (INRA), Unit of Metabolic Diseases and Micronutrients,
Theix, 63122 St-Genés-Champanelle, France

Obesity prevention has often been handled as a matter of energy
and nutrients, while specific effects of food were rather
neglected. One of the good points of this conference is that it
puts a special emphasis on the role of fruit and vegetables. As
you know, over the past fifty years, we have experienced the so-
caled “nutritional transition”, a phrase that understates the
dietary upheavals of the second haf of the 20th century.
Nutritional transition is characterised by a modification in
dietary habits, and the substitution of natural product with awide
range of processed foods. This results in higher sugar and fat
consumption and overall decrease of fruit, vegetables and fibre
consumption. Food supply has thus become prolific in terms of
products with low nutritional density.

In this regard, we may think that obesity development is the
necessary price to pay for economic development and the
modernisation food chain. Obviously, if food supply mainly
consists of high energy density products, with inadequate fibres
and micronutrients availability, it leads to disorders in appetite
control and food intake. With a settled way of life, even a slight
energy unbalance may lead to obesity in the long run. In the
contemporary world, obesity development is no surprise.

Thereis aparadox in our nutritional situation: although we use a
wide range of processed products and face energy
overabundance, we are exposed to micronutrients deficiency.
Fibre and micronutrients content of many products have been
lowered, to the extent that you can develop overweight and still
not meet your nutritional needs. As you know, many factors are
involved in nutritional density reduction: intensive use of sugars,
refined cereals, fat (we have never used as many oils, margarines
and dairy products as we do nowadays), and more recently starch
(starch industry is booming). This may be responsible for atotal
nutritional density loss of about 30 to 50% in common food
products available in our supermarkets. Of course, this may aso
affect appetite control. The importance of fruit and vegetablesin
food intake regulation has been well underlined by a previous
speaker.

Rize in the prevalence of overweight
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It is worth emphasising the necessity to manage nutritional
density issues. Everyone knows what energy density means: it is

the energy content of a product. But defining nutritional density
isabit moredifficult it refersto micronutrients quantity (or other
relevant nutritional elements) of any given energy supply. Since
fruit and vegetables are poor in calories and rich in
micronutrients, their nutritional density is high, while nutritional
density of white bread and biscuitsislow. Nutritional density of
our diet has to be increased in order to improve overal
nutritional status and diminish the development of chronic
diseases. This aso happens to facilitate appetite management,
directly, thanks to dietary fibres and indirectly, for a good
nutritional status may facilitate regulation of energy intake.

Thie problem of nuterinional density and empty colories
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The way to increase fibre supply and nutritional density of diets
is to consume more fruit and vegetables, that are low-caorie
products. Average energy content of fruit is 55 kcal per 100g.
Vegetables have very low calorie content as well. Thanks to
volume and water content, they cause an satiety effect. Of
course, water and volume alone do not make any food a good
one. Actually, vegetables prove naturally rich in micronutrients
and minerals: mineral content rises up to 10% in vegetables (in
dry extract), which is much more than in ordinary type 55 flour
(0.55g per 100g). You may also be aware that fruit and
vegetables not only contain ordinary vitamins, but are also rich
in phytomicronutrients (antioxidants as polyphenols, carotenoids
and many other components with significant health benefits).

How many fruit and vegetables should we ea ?
Recommendations are not very specific: in France, average
consumption rises up to 150 to 200g of fruit and 150 to 200g of
vegetables, which represents 5% of total energy supply. Now,
fruit and vegetables consumption should correspond at least to
10% of energy supply, with 300g of fruit and 300g of vegetables
aday. | think that eating 1kg of those products per day should
help in the fight against overweight. The essential part of energy
supply in abalanced diet consists of complex plant produce. Itis
no longer the case nowadays because of numerous food
transformations. Food energy has been extracted from its
original plant matrix. Fat production from oleaginous plants has
become significant, just as sugar extraction and cereds
refinement: this makes us retrieve the energy while eliminating
the non-energetic part (fibres, minerals and a wide variety of
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micronutrients). All this characterises nutritional transition and
has changed food order.

Here are histograms that caricature several dietary behaviours.
The first three histograms represent very well balanced
behaviours, as subjects eat mostly non-refined cereals, enough
potatoes and pulses, fruit and vegetables. In this context, their
diet proves adequate even though it is a vegetarian one. Yet
eating meat would be even better. With such dietary diversity,
subjects should not face nutritional problems. The situation gets
more complicated when subjects eat only refined cereals, since
they give up on fibres, minerals and vitamins. Ordinarily, people
tend to eat less refined cereals and potatoes in order not to gain
weight, and to give up on pulses that are difficult to cook, fruit
and vegetables that are expensive and hard to peel. They also use
many processed foods that are rich in sugars and fat. In this last
case, nutritional density of such dietsis very low and nutritiona
deficiencies are likely. We assume that a diet rich in
micronutrients helps controlling food intake and vice versa.

What does all this have to do with overweight prevention ?
Before answering this question, | would like to present a
theoretical comparison of balanced energy supply and balanced
micronutrients, fibres and minerals supply. On the side of energy
supply, if you reduce the share of complex sugars, increase sugar
(empty calories) and fat, you will diminish total micronutrients
content. You may also want to reduce fat and sugar content while
increasing fruit and vegetables supply in order to in crease total
micronutrient content. In this context, food intake proves very
rich in micronutrients. This is the type of diet we should
recommend in the fight against overweight.

Are fruit and vegetables the right choice to prevent overweight ?
They may be, notably for they help controlling appetite, facilitate
digestion (in particular in the large intestine), improve nutritional
status, cut down hypertension risk (one of the issues of
plurimetabolic syndrome), reduce insulin resistance phenomena,
manage cholesterol levels, diminish inflammatory processes. It
is therefore very valuable to eat fruit and vegetables.

This dide represents the efficiency of fruit and vegetables
consumption in satiety status. We should bear in mind that
satiation and satiety management is as well linked to digestion
quality. It is obvious that a dietary behaviour can get stable only
when digestion isnormal. In thisregard, the large intestine hasto
get enough fibres, and specificaly fibres that help in the
development of balanced and symbiotic fermentations. In most
fruit and vegetables, fibres are well fermentescible and tol erated.
Moreover, these fibres go together with minerals and
micronutrients, which has a positive impact on intestinal
functions. Fighting overweight by reducing food intake quantity
is very difficult; it is therefore crucial to have an abundant yet
low-calorie diet. This also facilitates biological functions.

The paradox of current dietary model is that it does not ensure
that you meet recommended dietary values. Now, it is crucial to
have a good nutritional status. By eating tremendous amounts of
fruit and vegetables (1kg aday), you hardly cover 20% of energy
needs. However, you will meet 1/3 of calcium needs (with a
recommended daily value of 900mg), 50% of vitamin E needs
and al your folic acid needs. Fruit and vegetables facilitate
coverage of various essential needs.

Fruit and vegetables also are remarkabl e sources of potassium.
Thisis akey element in the fight against hypertension. The
efficiency of potassium supply is reinforced by sodium supply
management. Over the nutritional transition, overall potassium
intake has been reduced, while excessive sodium supply has
been maintained. Large potassium intake helps reducing
vascular events. In the same time, it diminishes urinal |osses of
calcium.

As far as insulin resistance is concerned, this slide shows the
negative impact of fatty acids. By reducing sugar and saturated
fat and increasing fruit and vegetables consumption, glucose
metabolism was facilitated: this will help cut down fatty acids
and improve insulin action.

Cardiovascular risk must as well be prevented: fruit and
vegetables play again an essential role. Cholesterol isnot entirely
ediminated through the digestion process. soluble fibres are
crucial to inhibit cholesterol absorption and increase faeca
elimination of biliary salts. Decreasing energy supply may also
help reducing lipogenesis and cholesterogenesis. Fruit and
vegetables ensure the supply of antioxidants that prevent lipid
peroxidation, which is involved in atherosclerosis development.
There is atheory of atherosclerosis prevention, which insists on
the status of endothelial vascular functioning. Micronutrients
play arole in the prevention of endothelial malfunctions caused
by an increase of lipidsin blood and post-prandia glycaemia.

Homocysteine levels should aso be managed, since
homocysteine is a very atherogenic component. | have said that
vegetables, in particular foliar vegetables, are remarkable
sources of folic acid. Now, this vitamin reduces the level of
homocysteine. Greens, as well, prove rich in omega-3, which
play apart in reduction of vascular events.

This morning, adipose tissue has been said to be a source of
cytokines. Permanent overweight may indeed cause
inflammation that leads to chronic diseases development.
Obviously, we need to fight these inflammations, by reducing
energy intake (since this has been proven to diminish
inflammation markers). We may also assume that the effect of
fruit and vegetables is reinforced by some fatty acids such as
omega-3, which allow to counter type-3 lipidic mediators.

With fat overload, the quantity of free fatty acids increases,
which favours lipid peroxidation: obese subjects thus need a
better antioxidant protection than ordinary subjects who need to
peroxide a smaller quantity of lipid substratum. The equilibrium
of oxidative stress is very complex: there is constant production
of responsive oxygenated substances related to mitochondrial
respiration. Moreover, we are exposed to external sources of free
radicals, which may prove very deleterious. We have our own
protection against those radicals, but we aso need to get
antioxidants provided by food: not only vitamin E and C, but
aso many other antioxidants such as polyphenols and
carotenoids, to be found in large quantities in most fruit and
vegetables. If your diet does not provide enough antioxidants
while you are exposed to free radicals, the risk of oxidative stress
increases. Now, such stress contributes to many diseases
development. Hence the importance of frequent fruit and
vegetables consumption.

Finally, we may start making some recommendations. It is now
obvious that excessive produce refinement (in particular cereals)
needs to stop, if we want to preserve nutritional density of food.
Fruit and vegetables consumption should increase, while
excessive consumption of fatty meats and dairy has to be cut
down. Consumption of artificial processed foods, sweetened
drinks and junk food should be limited.

To my mind, there are two ways to deal with obesity prevention.
On the one hand, at the individua level, specificaly in the
relationship between physicians and patients or within
informative and educative health associations. On the other
hand, at the level of food production, which should be adapted to
our actua needs. In this regard, we could reasonably produce
cereals with agood nutritional density, whole-wheat breads, and
eat more pulses and potatoes without soaking them with fat. We
would also eat more fruit and vegetables, about 300 to 500g a
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day of each, according to individua appetite and preferences. We
need to moderate animal produce consumption and cut down
saturated fat intake and fats with the most unbalanced omega-6 /
omega-3 ratio. Finaly, we need to avoid the use of totally
purified refined products.

The most significant recommendation is to diminish the use of
processed foods that are rich in empty calories. Does the current
food chain (which isrich in processed food) match the objectives
of agloba strategy to fight obesity ? | doubt it! | would rather
recommend that we build a strategy based on the promotion of
complex natural products and sufficient fruit and vegetables

—Questions

consumption. So far, international recommendations (in France
or Europe) have not been strong enough to warn consumers
against the risks associated with junk food and refined products
consumption nor to encourage fruit and vegetables consumption.
Food supply of these products, in France and el sewhere, may not
be satisfactory enough in terms of quality and costs. Consumers
habits cannot be changed easily: there are cultura and know-how
barriers. This makes it difficult to have things evolve. The
conference should help get such messages heard at the field
level, and will step by step gain wider influence.

Thank you.

Member of the audience

For crudités seasoning, cur rent recommendations seem to favour olive and colza ail, which provide us with omega-3. Yet
virgin colza oil is not recommended: | am concerned with omega-3 when oil has been heated up by 200°C. What is your

view?

Chrigtian REMESY

| strongly recommend virgin colza ail. Currently, the market is not very devel oped, but some excellent virgin colza oils with
a very typical taste are now available. We should not choose entirely refined colza oils. If consumers push the demand, the
supply will follow, since there is nothing wrong with the production of such oils.

Member of the audience

How about daily honey consumption: does it contribute to energy balance without creating any kind of damage ?

Christian REMESY

| did mention thisin my pyramid. In particular, fructose, as well as saccharose (which contains only 50% of fructose) are
prooxidants. In my laboratory, we have proven that honey is |less prooxidant than fructose. When fructose is found in a
complex food, fruit or honey, it does not have the prooxidant effects of purified sugars. This was a very comforting finding.
Of course we should neither avoid fructose nor systematically look for it (in jams etc). Fructose must be eaten in complex
food that are protected by antioxidants and minerals. Honey cannot replace fruit, which comprise other essential elements.

Member of the audience

You recommend a very high level of fruit and vegetables consumption. Isthisreliable ?

Christian REMESY

I recommend this in the framework of the fight against overweight. In the day-to-day life, not everyone can eat as many fruit
and vegetables, for several reasons: preferences, habits, etc. If you really want to make a difference, i.e. find a strategy that
allows the subject to eat as much food as they want while reducing their energy intake, there is no better way than to
increase fruit and vegetables consumption. Ordinary people may eat much less: 300g of vegetables and 300g of fruit are a

minimum. Even 600g to 1kg is no big deal.

Member of the audience

What do you think of the glycemic index of bananas or grapes? You put themin the fruit and vegetables category: shouldn’t

you take them out ?

Christian REMESY

Bananas are a source of starch: when ripe, starch gets hydrolysed, which creates maltodextrines, and gives them a sweet
taste. In this context, bananas can have a very high glycemic index. If the banana is a bit unripe, this index drops
considerably. Other fruit arerich in glucose, fructose or saccharose. Most of the time, there is a good balance between
glucose and fructose. In apples, there is a majority of fructose. Saccharose and fructose have a very good glycemic index,
because the fructose molecule is absorbed by the liver each time it gets through it. Yet we should not binge on purified
sugars just because they have a good index. Glycemic indexes should always be very carefully interpreted.
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CONCLUSION

Beth CARLTON-TOHILL
Centers for Disease Control and Prevention (CDC), Chronic Disease Nutrition Branch,
Division of Nutrition and Physical Activity, 4770 Buford Highway MS-K26 Atlanta, GA30341, USA

| am going to conclude this session. | would like to thank my esteemed colleagues and fellow speakerstoday. | think we went
through alot of important points, from the role of dietary fat and energy density, and nutritional density. We need to think of
all these things with fruit and vegetable intake, and dll its benefits.

| really liked the point that we need to watch the message of low fat, and what that means in certain regions of the world, and
how to define that better. Aswe saw from some of the data, islow fat as effective as low-energy density? | also think that
your point on how we need agloba strategy to combat obesity is extremely important. We can adapt it for certain regions, but
thefact that we dl have a common goal means that we have the same common recommendations, fruit and vegetables being
avery important part of that. It isdifficult to change behavioursbut | do not think it is something we cannot overcome.

I would like to thank everyone again, and | will now end our session. Thank you very much.
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The relevance of potato as a source of
carbohydrates and potassium in a
Mediterranean diet

COMMITTEE FOR POTATO (CNIPT

- SPECIAL SESSION

Christian REMESY
National Institute of Agronomic Research (INRA), Unit of Metabolic Diseases and Micronutrients,
Theix 63122 St-Genés-Champanelle, France

You know that potatoes have a very bad reputation, just because
they are associated with specific typologies: fries,
overweight... Thisisnot very fair for thistubercle that has hel ped
humanity in so many ways. Potatoes can be inserted in the
ordinary strategy of a balanced food pyramid. We need alot of
sugars. quantity depends on individual needs, lifestyle, activity
and likeliness to gain weight. We need to have complex sugars
that provide us with starch: potatoes perfectly complement
pulses and cereals supply.

Fotato components
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There is an energetic fraction in potatoes that is very rich in
starch, and poor in proteins and lipids. However, there dso is a
non-energetic fraction which comprises dietary fibres, minerals
(potassium), micronutrients, vitamin C that is not eliminated by
the cooking process, polyphenols, and carotenoids as well if
consumers would not always choose white potatoes. In Peru
there are varieties that are as rich in carotenoids as sweet
potatoes and carrots. Potatoes could thus be richer in
micronutrients than it is now.

If you examine the composition of aplateful of potatoes, pasta or
rice, with comparable water levels, there are no maor
differences among sugar supplies. Of course, potatoes are not a
good source of proteins, but neither is rice. Nevertheless,
potassium supply is much more significant with potatoes than
with pasta or purified rice. Potatoes also provide vitamin B and
C, and should therefore not be neglected among starchy produce.

What are the potentia roles of potatoes ? These are complex.
Potatoes contribute to smooth digestion. Thanks to their dietary
fibres, they facilitate cholesterol elimination. They also may
have a good glycemic index. Their potassium content makes
them a good ally against salty products (potatoes often go
together with salted ham). They also are a good source of
antioxidants and micronutrients.

As far as digestion is concerned, potatoes provide soluble and
non-soluble dietary fibres, and everything goes fine. Digestion of
potatoes does not usualy cause any trouble, as opposed to
whole-wheat bread. These dietary fibres allow the large intestine
to function normally. The production of short-chains fatty acids

has a trophic effect on the digestive surface. It also may play a
key role in cholesterol and biliary salts evacuation.

Usually, cholesterol has an endogenous and exogenous origin:
one part comes from anima produce and the other part is
produced essentially by the liver. This cholesterol is eliminated
under the form of neutra sterols and biliary salts. Severa
mechanisms (inhibition of cholesterol and biliary sats
absorption in the intestine, insolubilisation of these steroids in
the large intestine), facilitate faecal evacuation of steroids. As a
response, hepatic cholesterogenesisis stimulated. Thisincreased
cholesterogenesis helps the recycling of lipoproteins. Potatoes,
as many other plants, contributes to cholesterol homeostasis.
When rats are given a potato-based diet, their blood cholesterol
decreases notably, as does their hepatic cholesterol. Very few
foods have such obvious effects.

As for glycemic index, we do know that a warm dish of mashed
potatoes is quickly assimilated. Mashed potatoes have a good
glycemic index. In a complex meal, the index gets even more
reasonable than when you eat only mashed potatoes. White bread
also has a high glycemic index, while pasta have an excellent
index. When you eat chopped potatoes with their peel or slightly
browned, the index gets very moderate. You can do even better:
put the potato in the fridge for 6 to 8 hours and then add it to a
salad or any other meal, and you will get a better index, thanks
to starch regression. Nuitritionists are currently favouring
nutritional density over glycemic index, since nutritional density
has a more reliable physiological sense.

Potatoes are one of the richest sources of potassium. Athletes are
often told to eat bananas. indeed, tennis players would have a
hard time eating a cold potato between two sets! In fact, potatoes
are as rich in potassium as bananas. One has to bear in mind that
in these foods, potassium is mainly linked to organic acids.
These salts of organic acids and potassium play an akalinising
role. Studies have shown that in several potatoes, the proportion
of organic acids (citrate or malate) is more important than
phosphate content. This makes potassum more related to
organic acids than to phosphates. The nature of potassium salts
is not the same in all foods: in meats and cereas for instance,
there are very few organic acids and a lot of phosphates. Such
abundance allows potatoes to have alkalinising effects.

This dide shows how potassium can be an antidote of sodium and
play arolein blood pressure. Potassium also reduces urinal losses
of calcium. How ? There are two types of food: acidifying foods
and akalinising foods. Acidifying foods are essentially meats and
produce rich in proteins: when proteins contain sulphur amino-
acids (methionine and cystine), they get metabolised and result in
sulphate. This sulphate has to be neutralised in urines, which
mobilises calcium. Calcium may even come from the bones,
which are a stock of substances for the body. Eating a lot of
proteins and/or salt increases urina calcium losses. It is
interesting to note that potassium organic acids have an opposed
effect, as was shown with potassium citrate intake. | am not
reinventing the meat and potatoes meal: the balance of such an
association is obvious, just as meat and vegetables.
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Potatoes are a source of vitamin C, which surprises many people.
They contain more vitamin C than carrots and apple do: 20mg
against 10mg per 100g in apples. At the end of winter, vitamin C
content tends to decrease. There aso is a variability among
potatoes varieties. Vitamin C deceases with time, but is still well
preserved. As for cooking ways, steamed and micro-waved
potatoes tend to remain richer in vitamin C.

The vitamin © content of potata
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As most plants, potatoes contain polyphenols, in particular
chlorogenic acid. There are several tests for antioxidants : in the
case presented, trolox was used. You can see that potatoes are
rated as well as other vegetables. The next dide shows
polyphenol measuring according to the Folin method. We
haveinvestigated genetic variability and cooking effects. We can
see that it is worth not peeling potatoes, for unpeeled potatoes

contain more polyphenols. With time, polyphenol levels in a
potato that is kept in a cellar tend to increase. It may synthesise
those micronutrients in order to defend against severa

aggressions. There isthus no reduction of polyphenolswith time,
as opposed to vitamin C content.

Mutritional interest of potofo-boesed dietory associations

We no longer eat large quantities of potatoes. Potatoes should be
integrated to a balanced diet, in particular right food associations
with animal produce in order to fight the acidifying effect of
some of them. | also indicated that potatoes help balance the
sodium/potassium ratio. With salty cheese and ham, you should
eat a potato rather than salty bread that contains very few
potassium. The association between potatoes and animal produce
contributes to reduce glycemic index of the dish.

It also wise to associate potatoes and vegetables. This allows to
have moderate energy density meals. Adding potatoes to your
veggies helps you meet your energy needs. It is an inexpensive
solution and very interesting from the nutritional side. | am
convinced that vegetarians who associate pulses and potatoes
will tend to live longer: their diet is so balanced.

Potatoes are a pat of the Mediterranean culture, as a
complementary dish with meats, vegetables: cod and potatoes,
basil soups and other potato-pulses-vegetables soups. In
Morocco, potatoes are to be found in tajines. Couscous
sometimes come with potatoes and other vegetabl es, with sounds
like the right nutritional choice.

Potatoes can therefore be used in many ways, not only as chips
and fries, and many examples are to be found in the
Mediterranean diet.
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Introduction

pe |l diabetes in children

Marie-Aline CHARLES
INSERM U258, Cardiovascular and Metabolic Epidemiology, Paul Brousse Hospital, 16, av Paul Vaillant Couturier,
94807 Villgjuif, France

| am an epidemiologist at INSERM, and have been working with
Eveline Eschwege on the epidemiology of diabetes and obesity
for years. | would like to start this introduction by sharing with
you some figures of childhood obesity.

Epidemiologists use a definition of childhood obesity based on
BMI. Yet childhood obesity cannot be defined with only one
criterion since children’s BMI varies with age. We thus use the
French reference curves designed by Marie-Frangoise Rolland-
Cacherato define obesity. We used in France to define obesity as
a BMI greater than the 97th percentile. Since 2000, an
international definition of obesity has been agreed upon, which
was based on relevant datafrom 7 countries. The definition looks
into percentiles that result in overweight (over 25kg/ m2 ) and
obesity (over 30kg/ m2 ) at age 18. These levels correspond to
the definition of adults overweight and obesity, which alows to
connect both definitions.

| am going to use some data based on old studies, i.e. on the 97th
percentile of the French BMI reference curve. Between age 6 and
16, this threshold happens to be very close to the international
definition of overweight. Here are some figures on evolution
trends of childhood obesity. | selected this dlide because it brings

Changes in the prevalence of

overweight in 6-9 yrs children from

four countries
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together several key points of the epidemics of childhood
obesity. It shows overweight (according to the international
definition) in children from 6 to 9 in four different countries.

Thereis agenera increase in industrialised countries (the USA)
and developing countries as Brazil or China. Besides, the
increase of obesity in developing countries proves particularly
fast in urban areas: thisistrue for Brazil and China. Urbanisation
is a key factor of the epidemics, for children as well as adults.
Urbanisation is associated with an increase of food availability,
changes of diet type (see Mr Drewnowski’'s presentation), i.e.
with more foodsrichin sugar and fat, and reduction of time spent
in transfers. Moreover, children living in urban areas may attend
school more frequently than rural children who tend to work
more. All these factors are related to a very obvious increase of
childhood obesity. In industrialised countries as the USA, there
is no actual difference between urban and rural areas. We may
thus say that obesity development comes together with socio-
economic development: if you take a look at Russia's figures,
you may see that intense upheavals of the 1990s have resulted in
agenera decrease of standards of living as well as areduction of
the prevalence of obesity in children and adults.

Let us have alook at French data ranging from 1965
to 2000. Most o