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PREFACE

Initiated by Fondation Mérieux with the support of Mérieux NutriSciences,
the first international “Better Food for Human Health” Symposium was
organised with the purpose of bringing together scientists and clinicians
at the forefront of research, world-leading industrialists and top level
regulatory officials regarding a major public health challenge.
Based on high level multidisciplinary presentations, the objective was
to initiate knowledge exchanges and discussions that will contribute to
the emergence of new common approaches and solutions to address
the complex issue of nutrition in the world. A key factor for success will
come from the quality of the interaction between the main players to
find common and sharable solutions.
We are pleased to present the Symposium’s outcome - this White Book.
It presents a large overview of nutrition and associated health disorders,
but also in-depth perspectives on helping to access development of an
appropriate diet – a key element in health preservation and protection
against diseases for the global community.

Alexandre Mérieux
Vice Président
Fondation Mérieux

Philippe Sans
President and CEO,
Mérieux NutriSciences

2nd Annual Forum

On September 7-9, 2011, experts from academia, international organizations,
NGOs, regulatory authorities and industry met at Les Pensières, the Conference
Centre of the Fondation Mérieux, for the second annual “Better Foods for
Better Health” forum organized by the Fondation with the support of Mérieux
NutriSciences.
Food security and nutrition are major global public health challenges. Millions of
people suffer and die every year from malnutrition, and several billion people are
affected by one of the many forms of malnutrition: underweight, micronutrient
deficiencies, overweight and obesity. This situation is unacceptable.
Global estimates suggest that around 1.5 billion adults over 20 years of age and
more than 40 million children under 5 are either overweight or obese [WHO - 1].
Diets rich in sugars, lipids and proteins of animal origin combined with physical
inactivity are responsible for overweight and obesity, leading to chronic diseases
such as diabetes, cardiovascular diseases and certain forms of cancer. Nutrition
also influences lifespan, predisposition to chronic disease, inflammation, fat tissue
function and cellular senescence. While it is widely accepted that nutrition is key
to health and disease, the medical community as well as policy makers still have
to be convinced.

Evidence-based nutrition using clinical studies and
biomarkers for both healthy and disabled people
The role of nutrition during the perinatal period was stressed during the Symposium. Increased daily intake by women of child-bearing age of folate (folic
acid), a B-group vitamin naturally present in spinach and green leafy vegetables,
dried beans, and citrus fruits, prevents the development of neonatal neural tube
defects. The rising field of epigenetics is revealing how diet, behavior and the
environment are reprogramming the genes inherited at conception. For example,
improving the nutritional environment to which an individual is exposed during
early development may help prevent the vicious cycle of transgenerational obesity.
Nutrition supplementation can have a significant clinical benefit in cachexia, one of
the most common, however underestimated, manifestations of advanced chronic
diseases.
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The gut microbiota revolution is opening
new perspectives
Recent research provides evidence that microbe-gut interactions have
a substantial and clinically relevant impact on the development of
the immune system and affect resistance to pathogenic bacteria, gut
inflammation and abdominal complaints. There is increasing evidence
that certain aspects of brain functions are affected by the function
of the gut, which in turn is affected by its microbial composition
and nutrition. It has been shown that a high-fat diet can disrupt gut
microbiota, decreasing the proportion of gut barrier-protecting bacteria
such as bifidobacteria and promoting the development of opportunistic
pathogens. Over the long term, this can provoke unresolved chronic
inflammation leading to syndromes such as inflammatory bowel
disease, Crohn’s disease or insulin receptor impairment and diabetes.
Recent technical advances have led to rapid progress in characterizing
the genomic and genetic diversities of gut microbiota. An individual’s
microbial genome (microbiome) includes some 1,000 bacterial species
and contains ~150 times as many genes as the human genome. A
common pool of prevalent microbial genes is largely shared by most
people. These genes are probably required for the functioning of the
gut ecosystem and include important functions such as the degradation of complex polysaccharides and the synthesis of short-chain fatty
acids, indispensable amino-acids and vitamins. Hence, the emerging
concept is that microbiota is an integral component, or organ, of the
human host that contributes to the local development and tuning of
gut homeostasis, shaping the host immune system and maintaining the
microbial ecosystem. Observed metabolic phenotypes (metabiotypes)
are determined by gene-environment interactions, including diet and
variations in gut microbiota. These metabiotypes may potentially be
used to develop microbiota-based biomarkers for diagnosing, differentiating and possibly even treating disease.
These discoveries are opening the way to the new pharmafood, or
neutraceutical, sector where appropriate nutrition and an understanding of microbiota are being used to promote health and reduce
disease. Global nutrition companies are increasingly aware of the need
to develop “healthy” or “functional” foods that enhance health and
well-being, and decrease the risk of certain diseases.
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This is a completely new field that calls for the most recent developments in
genome sequencing technologies and bioinformatics to analyze trillions of gene
sequences. Much research is still to be done to translate these discoveries into
food products that reduce the risk of chronic diseases such as obesity, diabetes,
cardiovascular diseases or cancer. Participants proposed to establish a European
consortium based on public-private partnerships for pre-competitive nutrition
research. Such collaborative research requires the development, validation and
harmonization of tools for routine analysis of the microbiota and could lead to
the identification of biomarkers of disease risk. Policy makers should be invited
to offer their advice at this early stage, so that applied research can be used to
substantiate health claims in accordance with the requirements.

The consumer at the center of research and
regulation on food
The regulatory framework established at national or international levels aims at
protecting the consumer from misleading or unsubstantiated claims on foods,
and at providing a basis to the food industry for communication on its products.
However, the nutrition industry is concerned that there is still no clear pathway
to generating the scientific evidence needed to support health claims and that
there are practically no mechanisms in place to protect a company’s research
investment.
Innovation in the field of nutrition needs to be fostered. This can be done by
establishing clear markers, criteria and end-points that can be used for scientific
evaluation of claims and by adopting a pragmatic approach. Some claims could
be substantiated by trials in high-risk groups or in patients with specific diseases.
Registration processes should be easier and faster, and authorized claims should
be formulated in plain words that are easily understood by consumers. Key to
these processes is an open dialogue between stakeholders, including industry and
regulation authorities.
Each continent has established regulatory and administrative barriers. In a global
world, regulation concerning nutrition should be harmonized. This, in turn, would
facilitate responsible nutrition in developing and emerging countries.
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Following the presentations and discussions
at the second annual “Better Foods for Better
Health” forum, the participants drafted the
following conclusions:

The conference
h Recognizes
• The new perspectives to prevent or even cure diseases (e.g.,
obesity, diabetes or cardiovascular diseases) resulting
from studies on the role of nutrition in health and disease,
and on human gut microbiota and its interaction with the
host;
• The need for transparency when informing the consumer;
• The need to put patients and consumers at the top of the
agenda, so that they can benefit from ‘healthy diets’ or
nutritional programs for the prevention of non-communicable diseases;
• The need to stimulate proprietary innovation;
• The need for a more global regulatory framework that
does not impede innovation while protecting the consumer.

h Decides
• To establish a European consortium based on public-private partnerships
bringing together relevant stakeholders including academia and industry,
to define a common scientific approach and develop a ‘pre-competitive
nutrition research’ that will serve as a basis for the substantiation of
health claims on foodstuffs, and Expresses its desire

• To associate policy makers at this early stage of the process of precompetitive research.

h Recommends
• To develop and harmonize tools for the routine analysis of human
microbiota (including protocols for sample collection, easy to perform
routine tests …), so that results obtained in various labs around the world
can be compared and used to:
- classify gut enterotypes in relation to a healthy state in humans and the
environment;
 efine what is the ‘normal’ human flora or ‘eubiosis’ (according to the
-d
external environment, such as the geographical location);
- study the relationship between microbiota and disease, disease risk,
and ‘dysbiosis’; and finally
- improve nutritional or even specific diet recommendations accordingly.

• To increase support for collaborative research at the European and
global levels through programs aiming at a better understanding of the
link between microbiota, food habits, metabolic activity in the gut and
the host’s health.
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• To promote recognition of the role of nutrition in disease
prevention, disease risk reduction and treatment, at the
scientific, regulatory, and pharmacoeconomic levels.
This requires:
- convincing key opinion leaders from academia, especially
from pharmacotherapeutic areas, that nutrition contributes
to health;
- improving education of physicians and clinicians on nutrition;
- validating claims on foods with an appropriate level of scientific
studies:
• Foods for special medical purposes: double blind, randomized controlled studies;
• Health and nutrition claims: take into consideration all
relevant data and grade health claims according to the
available level of evidence in order to provide relevant
information to consumers.
- promoting research on products that add value to health
and quality of life through regular consumption.

• To increase dialogue between regulatory authorities
(the European Food Safety Agency in Europe) and the
applicant in the context of health claims applications.
Given the fact that each dossier is unique and should be
considered as such, a procedure could be established to provide greater support at any stage of the process to applicants
who encounter difficulties or have questions. This procedure
could mirror the existing model for the development of medical products based on dialogue and exchange, and could
include the following:
- scientific review meetings to critically examine planned
scientific studies for the substantiation of new health claims;
- pre-submission meetings to check specific requirements for
the product under study and the validity of the methods
used to address them;

Such practices would add value to the quality of the applications and
reassure new applicants who may be reluctant to invest in new research
programs due to uncertainty regarding marketing issues. It would create
a favorable context for research investments and partnerships, particularly
in the emerging field of gut microbiota.

• To develop a simplified “fast track” procedure for the authorization
of health claims made on substances for which insufficient intake can
represent a public health issue, such as folate for the prevention of neural
tube defects in neonates, and vitamin D to prevent deficiencies in newborns and breast cancer in women. In the context of public health, this
initiative aiming at informing and educating consumers will be widely
seen as a major step forward.

• To evaluate the opportunity of a new business model for nutrition
assessment. This “neutraceutical“ concept could be a new, regulatory
category with step-by-step approaches demonstrating year after year
that it is evidenc- based. Validation of safety would be the starting point,
followed by proof of concept and pragmatic traditional usage.

• To adopt harmonized regional legislation, as a first step towards
global harmonization of health claims regulation.

• To monitor the implementation of these initiative. This will be done via
Linkedin and the series of annual meetings on “Better Foods for Better
Health”, held in September at the Fondation Merieux, Les Pensières,
Annecy, France.

- open dialogue during the evaluation process.
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Cachexia/Clinical nutrition
Stefan Anker, Charité University Hospital, Berlin, Germany; Josep M. Argilés, University
of Barcelona, Spain; James L. Kirkland, Mayo Clinic, USA

There are some situations where the nutritional status is severely impaired by the
condition of the patient. This is the case in cachexia, one of the most common,
yet underestimated, manifestations of advanced chronic diseases such as cancer;
chronic heart failure; chronic kidney failure; acquired immunodeficiency syndrome
(AIDS); and several other chronic illnesses. Up to 50% of cancer patients suffer
from cachexia, resulting in involuntary weight loss, a reduced quality of life, and a
shortened survival time. Cachexia leads to increased morbidity and mortality and
to a dismal quality of life.
Many misconceptions exist with regard to weight loss. Indeed, cachexia is a “complex“
metabolic syndrome associated with underlying illness and characterized by
uncontrolled loss of body weight due to depletion of adipose tissue and skeletal
muscle; general weakness; as well as physical and mental fatigue. Lean body
mass depletion involves not only skeletal muscle but also affects cardiac proteins,
resulting in important alterations in heart performance.
These pathophysiological changes result from a disturbance in the balance
between protein degradation and protein synthesis (termed as catabolic/anabolic
imbalance). An increase in resting energy expenditure resulting from an upregulation of uncoupling proteins (UCPs) production; DNA fragmentation or apoptosis;
and myofibrillar protein degradation through activation of the ubiquitin-proteasome-dependent proteolytic pathway are considered to be main processes
involved in muscle wasting. The UCPs are a family of mitochondrial membrane
proteins that uncouple oxidative phosphorylation and generate heat instead of
Adenosine-Tri-Phosphate (ATP) that transports chemical energy within cells for
metabolism. Cachexia is also associated with inflammation and cellular immune
activation; neurohormonal activation; growth hormone and insulin hormone
resistance; and activation of specific muscle wasting proteolytic processes. Severe
lipid loss in cancer cachexia is driven by an increased lipid catabolism through the
activation of lypolyse pathways.
Although many inflammatory mediators may also play a role in muscle wasting
during cachexia, interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-α), IL-1 and
interferon gamma (IFN-α) have emerged as critical factors related to the maintenance of body mass during disease. In humans, muscle catabolism has been
attributed to the release of TNF-α in inflammatory diseases, including cancer,
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congestive heart failure, AIDS and chronic obstructive pulmonary disease. IL-6 is
considered to be the main mediator in the hepatic acute phase response in cancer
cachexia.
Evidence suggests that nutritional care promotes weight gain, improves immune
response and helps to attenuate cachexia. It may improve therapeutic response
and enhance quality of life even during terminal illness. Foods of high nutrient
density (e.g. whole milk, dairy products) should be encouraged rather than
reduced fat versions, and extra snacks added to the diet. Alternatively, meals can
be fortified using common foods or nutritional products.
Several pharmacological and nutritional approaches have been used or are under
development focusing on improving appetite and neutralizing metabolic disturbances. Considering the complex mechanisms involved, the best treatment of
cachectic syndrome is most likely to be a multifactorial approach. Several compounds have been tested such as progesterone derivatives; cannabinoids; cyproheptadine; insulin; and corticosteroids to increase food intake. Another approach
consists in neutralizing the metabolic alterations which include abnormal carbohydrate metabolism; lipid mobilization; hepatic protein metabolism; inflammation;
and alterations in the rate of skeletal muscle protein breakdown. The combination
of nutritional support with different nutraceuticals has reportedly been relatively
successful.

Cachexia in the elderly
Cachexia/sarcopenia and fat tissue loss are also increasingly common in old
age. As people reach advanced age, they often face years of disability marked
by multiple chronic diseases, frailty, and loss of autonomy. The most common
age-related chronic diseases; dementias; depression; atherosclerosis; cancers;
and diabetes are associated with “sterile” inflammation, including elevated IL-6
and TNFα. Senescent cells develop in multiple tissues, particularly in the fat, and
secrete pro-inflammatory cytokines, chemokines, and proteases (together forming
the senescence-associated phenotype – SASP), which alter tissue microenvironments, attract immune cells, and may generate malignant phenotypes in nearby
cells. As fat tissue becomes dysfunctional in old age, fat infiltrates muscle, the
liver, bone marrow, and other tissues, causing fatty acid-induced tissue damage,
or “lipotoxicity”.
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A huge challenge facing modern biomedical research is to compress, if not
eliminate, this period of frailty and disability and to increase healthspan. Caloric
restriction; methionine restriction; plant flavinoids; protein synthesis inhibition
(rapamycin); inhibiting the growth hormone/ IGF-1/ AKT/ FOXO axis (which is
nutrient-sensitive and downregulated by caloric restriction); and visceral fat resection all increase maximum lifespan in various species. They also decrease cellular
senescence in fat tissue.
An important challenge is to identify biomarkers that mirror the burden of senescent cells and the SASP in fat tissue. Such biomarkers would be useful in trials
of nutritional interventions. Circulating biomarkers of frailty or of the burden of
senescent cells in fat tissue could be useful for predicting responses of elderly
individuals to chemotherapy; anesthesia; surgery; stem cell or bone marrow transplantation; or immunization. Animal models from which senescent cells can be
eliminated selectively would be extremely useful in developing these biomarkers,
as would analyses of factors secreted by cultured senescent human preadipocytes.

A conceptual revolution: the developmental
origin of health and disease (DOHaD)
Dominique Luton, APHP, University of Paris, France; Claudine Junien, Developmental
Biology and Reproduction, INRA-ENVA-CNRS, Jouy-en-Josas

Diet is also recognized as one of the major environmental factors influencing the
development of embryo and fetus, as well as maternal health. The nutritional
environment during the periconceptional period has a major impact not only on
fertility; conception; implantation; and growth and development of the foetus,
but also on further development in infancy and health in adulthood.
The periconceptional period, which begins as early as the desire of pregnancy and
lasts 2-3 months after conception, deserves particular attention as many medical
and behavioral interventions can help further optimize the outcome of pregnancy.
Indeed, increasing the intake of folic acid before pregnancy can reduce birth
defects; ensuring adequate intake of iron, zinc, iodine, calcium and folic acid
during pregnancy can improve pregnancy outcomes; increasing folic acid and
vitamin B12 may reduce megaloblastic anaemia in mothers; and providing zinc
supplements during pregnancy can improve birth weight and reduce prematurity.
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During the childbearing period, folate needs to be increased substantially given
the enlargement of the uterus; the development of the placenta; the increase in
the volume of red cells of the mother; and the growth of the developing fetus.
An inadequate dietary folate intake results in the reduction of DNA biosynthesis
- and consequently of cell division - leading to neural tube defects in the embryo;
anemia; leucopenia and thrombocytopenia. Even if the daily diet consists of food
rich in folates (green leafy vegetables and fruit), the high requirement usually cannot be met through the consumption of unfortified foods alone. For this reason,
periconceptional supplementation of 400 µg/day of folic acid is internationally
recommended for prevention of neural tube defects.
Iodine deficiency occurring during fetal and neonatal growth and development
leads to irreversible damage of the brain and central nervous system which can
be prevented by iodine supplements. Moderate iodine deficiency is endemic in
France, as shown by a recent prospective observational study in unselected pregnant women and their fetuses in the Paris area; lower iodine levels were associated with an enlargement of the fetal thyroid gland. It is recommended that all
women who are pregnant, breastfeeding or considering pregnancy take an iodine
supplement.
While omega-3 and omega-6 long-chain polyunsaturated fatty acids (LCPUFA) are
also critical for infant and childhood brain development, levels of the omega-3
fatty acids docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) are often
low in the Western diet. Increasing evidence from both epidemiological and intervention studies indicates that DHA supplementation during pregnancy, lactation,
or childhood plays an important role in childhood neurodevelopment. Arachidonic
acid (ARA) is also important for infant growth and development. Further research
is needed to determine optimal doses for efficacy at different developmental ages.
The potential long-term benefits of early LCPUFA supplementation also require
consideration.
However, even though the importance of periconceptional supplementation has
been widely acknowledged and supported by both scientific and governmental
recommendations throughout the world, its implementation is less than satisfactory. A recent study carried out in France by D. Luton et al. among women
of childbearing age showed that 88% of them were expecting a pregnancy, but
only 45% considered to have prepared for it adequately; and only 13% took a
nutritional supplement.
Markers have to be developed to evaluate the nutrient status of women in the
perinatal period. At the clinical level, however, most supplementation interventions are justified without personal testing.
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Developmental origins of metabolic diseases:
the epigenetic model
While it is undisputed that a major contribution to the development of obesity is
due to a sedentary lifestyle and an overabundance of food, it has become clear in
recent years that a certain predisposition towards a metabolic phenotype can be
inherited not only through maternal influences but also via paternal non-genetic
influences, and be transmitted across generations by non-genomic means.
Human epidemiological studies and experimental studies in animals have confirmed
the pivotal nature of the overarching ‘Developmental Origins of Adult Health and
Disease’ (DOHaD) concept also known as the Barker Hypothesis. The DOHaD claims
that environmental conditions during specific critical spatiotemporal windows
of mammalian development can have lasting effects on cell fate, organogenesis,
metabolic pathways and physiology, thereby influencing life-long physical and
mental health.
According to the DOHaD models, the vast majority of non-communicable
diseases, including cardiovascular diseases, metabolic syndrome and obesity, may
have their origin in early childhood, during fetal life or even as early as the preor periconceptional periods. Unbalanced maternal diet or body composition adversely influences the offspring’s response to later challenges such as an obesogenic
diet by physical inactivity: the developing organism senses maternally transmitted
environmental cues, such as undernutrition, during prenatal and early postnatal
life, and modifies its metabolism, whole body physiology, and growth trajectory
accordingly, in order to maximize its chances of survival in the forecasted
environment. If there is a mismatch between the predicted and actual mature
environments, particularly if the mature environment is richer than anticipated, then
the risk of metabolic disease is enhanced. This process of developmental plasticity
may prove to be maladaptive in human environments in transition towards
energy-dense nutrition, and may lead to the development of an inappropriate
phenotype with decreased potential for longevity and/or increased susceptibility
to metabolic disease.
The molecular mechanisms underlying this “developmental origins” hypothesis
involve epigenetic mechanisms of gene regulation through DNA methylation,
covalent modifications of histones and non-coding RNAs that fix the effects of
early environmental events, ensuring sustained responses to transient stimuli
which result in modified gene expression patterns and phenotypes later in life.
Flux through the demethylation/remethylation pathway is dependent upon
nutrients including folate, vitamin B12 and B6, choline, betaine and methionine.
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Transcriptional activity during critical developmental periods can impair de novo
methylation. Any nutritional or other environmental exposure that activates gene
transcription during periods of de novo CpG methylation can permanently imprint
transcriptional competence.
Worldwide food insecurity, to which pregnant women and growing children are
especially vulnerable, could have implications for epigenetic programming and a
range of disease and functional outcomes in offspring. Understanding the roots of
today’s health disparities may be enriched by considering not only the experiences
of the present generation, but also the nutritional, physical and social experiences
of ancestors in the recent past.
Improving the nutritional environment to which an individual is exposed during
early development may help prevent the vicious cycle of trans-generational epidemics of obesity. However, the great majority of pregnant women, or those
trying to get pregnant, and their partner have no idea that this is such a powerful
influence.

Breakthroughs in research on microbiota
Hervé M. Blottière, INRA, Jouy en Josas, France; Jeremy Nicholson, Imperial College
London, UK; Willem M. de Vos, Wageningen University, The Netherlands, & Helsinki
University, Finland; Stanislav Dusko Ehrlich, MetaHIT coordinator, INRA, Jouy-en-Josas,
France; Robert-J M Brummer, Örebro University, Sweden; Liping Zhao, Shanghai Jiao
Tong University, China; Sebastien Massart, DNA Vision, Belgium

Other actors are also involved in the cross-talk between the individual and the
environment: the trillions of microbes that colonize the intestinal tract. Recent
studies indicate that humans are superorganisms with two genomes that dictate
phenotype: the genetically inherited human genome (25,000 genes), and the
environmentally acquired human microbiome (over 1 million genes). The two
genomes must work in harmony to maintain health. It has been widely
acknowledged that new developments in research on enterotypes and
“gut microbiota” may lead to a revolution in the concept of personalized
nutrition.
The gastrointestinal (GI) tract is colonized by a myriad of microbes, collectively
termed the (GI) microbiota, that develop intimate interactions with the body and
contribute to health and well-being. Until recently, their study was limited by
15

the inability to cultivate the majority of the intestinal commensals. Recent developments in genome sequencing technologies and bioinformatics allowing for
the analysis of large sequence sets, and advances in metabolic profiling coupled
with mathematical integration approaches have radically transformed the study
of microbiota. It is now possible to study the gut microbial community as a single
dynamic entity through their gene sequences that are analysed and interpreted in
terms of genes, proteins and the functions they perform.
The human microbiota has become the subject of intense investigations as
evidenced by major initiatives such as the Metagenomics of the Human Intestinal
Tract (MetaHIT) project financed by the Seventh Framework Programme of the
European Commission and the Human Microbiome Project in the United States.
These studies, along with mechanistic studies in vitro and in animal models, have
emphasized the role of the human microbiome in health and disease.
The microbial genome (microbiome) contains ~150 times as many genes as the
host genome, corresponding to some 1,000 bacterial species, dominated in mammals by bacterial species belonging to a few phyla. Each individual harbours,
on average, 540,000 genes, corresponding to some 160 such bacterial species.
A common pool of prevalent microbial genes is largely shared by most people
whatever their country.

Intestinal microbes assume important functions such as the degradation of complex
polysaccharides and the generation of short-chain amino acids through
carbohydrate active enzymes which are absent in the human genome. They may
regulate energy storage by various pathways, for instance, by increasing monosaccharides absorption; by increasing energy extraction from non-digestible food
components; by increasing hepatic lipogenesis and adipocyte fatty acid storage; or
by suppression of liver and skeletal muscle fatty acid oxidation. Gut colonization
induces rapid weight gain associated with stimulation of hepatic glycogenesis,
triglyceride synthesis, and enzymes involved in drug metabolism. Gut bacteria
interact with bile acids, well-known contributors to glucose and lipid metabolism
in the liver.
Many of the physiologic properties of the microbiota can be attributed to fermentation and the production of short-chain fatty acids (SCFAs), particularly acetate,
propionate, and butyrate. SCFAs increase the amount of energy intake; stimulate
water and sodium absorption; and lower luminal pH and the bioavailability of
toxic amines. They bind to the G-protein coupled receptor 43 (GPR43) and this
interaction may affect immune and inflammatory responses. Moreover, butyrate
is the primary energy source for colonocytes and has been the focus of studies
due to its possible action in the prevention of colon cancer.

Immune system
Trillions of microbes constitute an integral ‘organ’
of the human body
The emerging concept is that the gut microbiota is an integral component, or
organ, of the human host that provides important biological and metabolic functions that cannot be performed by the human metabolism. Gut microbes produce vitamins and other essential nutrients; they metabolize food that cannot be
digested by their human host; break down drugs and toxins; and regulate many
aspects of innate and acquired immunity, thereby protecting the host from infections and chronic inflammation, as well as possibly many immune-based disorders.
Commensal bacteria have been shown to synthesise vitamins that are essential for
human survival such as vitamins K2 and B12; polyunsaturated fatty acids (PUFA)
such as conjugated a-linolenic acid (CALA) and conjugated linoleic acid (CLA);
short chain fatty acids (SCFA); neuroactive compounds such as GABA and histamine; polysaccharide A (PSA); and a variety of proteins, peptides and nucleotides
with immunomodulatory and anti-inflammatory properties.
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Healthy intestinal microbiota contributes to host resistance to infection through its
involvement in the development of the host immune system and provision of colonization resistance. The intestinal tract is an active immunological organ, with more
resident immune cells than anywhere else in the body. The intestinal microbiota is in
constant contact with host cells that are the first line in contact with microbes, such
as the surface epithelial cells, M cells and dendritic cells. The commensal bacterial
antigens are being constantly sampled by the host pattern recognition receptors
(PRRs), both toll-like receptors (TLRs) and Nod-like receptors (NLRs). It is not surprising, therefore, that the immunomodulatory role of the intestinal microbiota is
integral to the proper development of the intestinal immune system. This raises the
possibility that the mammalian immune system, which seems to be designed to
control microorganisms, is in fact controlled by microorganisms.

The Microbe-Gut-Brain axis
There is increasing evidence that certain aspects of brain function are affected by gut
function, which in turn is affected by its nutritional and microbial composition. Braingut interactions play a crucial role in the regulation of digestive processes (including
appetite and food intake); in the modulation of the gut-associated immune system;
17

and in the co-ordination of the overall physical and emotional state of the organism
with activity in the gastrointestinal (GI) tract. Stress has long been known to adversely
affect gastrointestinal function. Animal studies showed that acute infection with
Campylobacter jejuni results in anxiety-like behaviour and rapid activation of vagal
pathways prior to onset of immune responses, while chronic Helicobacter pylori
infection in mice leads to abnormal feeding behaviour and upregulation of tumour
necrosis factor a (TNFa) in the median eminence of the hypothalamus.
Gut microbiota has been shown to modulate the intestinal endocannabinoid (eCB)
system, a group of neuromodulatory lipids and their receptors that are involved in
a variety of physiological processes including appetite, pain sensation, mood and
memory. Its name comes from the fact that it mediates the psychoactive effects of
cannabis.
The local release of biological amines such as noradrenalin by the host may influence
the composition of the intestinal microbiota as this neurotransmitter has been shown
to stimulate the growth of Escherichia coli in vitro and to influence their adherence
to the mucosa. Intestinal bacteria can produce various substances (such as gamma
aminobutyric acid - GABA, catecholamines, histamine, acetylcholine …) and gases
(e.g. nitric oxide) shown to be involved in neurotransmission and in the central nervous system responses to stress. This cross-talk between the brain and commensal
bacteria of the gut may thus be part of homeostasis that maintains not only stability
within the microbiota of the intestine, but also potentially modulates brain function
and behaviour.
In humans, hepatic failure, including deep coma, has been shown to respond to
the administration of laxatives and oral antibiotics, confirming a communication
between the intestinal microbiota and the brain. Psychiatric co-morbidity occurs in
up to 60% of gastrointestinal disorders.

Colonization and composition of the gut microbiota
At birth, the gastrointestinal tract is germ free, but it is immediately colonized with
bacteria from the mother and the environment. Within days, the microbial immigrants establish a thriving community whose population soon outnumbers that
of the baby’s own cells. The microbiota composition remains dynamic throughout
the first year of life, with highly diverse and actively growing bacterial populations.
By one year of age, it presents a profile characteristic of the adult gastrointestinal
tract, and remains relatively stable over time in healthy adults.
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Recently conducted investigations have shown that 80-90% of the bacterial
phylotypes are members of two phyla: the Bacteroidetes (that includes the
Bacteroides, Porphyromonas and Prevotella genera) and the Firmicutes
(e.g. Clostridium, Enterococcus, Lactobacillus, Ruminococcus), followed by the
Actinobacteria (e.g. Bifidobacterium) and the Proteobacteria (e.g. Helicobacter,
Escherichia).
Three clusters – referred to as enterotypes or metabiotypes – defined by species
composition, have been identified. This suggests the existence of a limited number
of host-microbial symbiotic states that might respond differently to diet and
drug intake. Enterotype 1 is enriched in Bacteroides and seems to derive energy
primarily from carbohydrates and proteins through fermentation; enterotype 2 is
enriched in bacteria (Prevotella and Desulfovibrio), which degrade mucin glycoproteins present in the mucosal layer of the gut. Both of these enterotypes have a
higher yield of vitamin biosynthesis than enterotype 3, the most frequent, which
is enriched in bacteria (Ruminococcus and Akkermansia) that are able to degrade
mucins. The ‘gene catalog’ is the same for all humans, but their abundance
profiles are different for each individual: although they are not as sharply
delimited as, for example, human blood groups, enterotypes are nevertheless
likely to characterize individuals.

Determinants of the gut microbiota
GIT colonization is influenced by genetic and environmental factors, including
mode of birth; feeding habits; health status; and sanitary conditions. Transmission
of bacteria from the mother to the neonate through direct contact with maternal
microbiota during birth and through breast milk during lactation influences the
infant’s gut colonization, and has potential health consequences. In this context,
intentional modulation of microbiota composition through the use of probiotics
during the perinatal and early postnatal period has been proposed as a possible
dietary strategy to reduce risk of disease.
Diet influences bacterial diversity which increases from carnivory to omnivory
(characteristic of human diets) to herbivory. Bacteroides are associated with diets
rich in protein and animal fat and Prevotella with diets rich in carbohydrates.
The ageing process also deeply affects the structure of the human gut microbiota
as well as its homeostasis with the host’s immune system. Because of its crucial
role in the host physiology and health status, age-related variations in the gut
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microbiota composition may be related to the progression of diseases and frailty in
the elderly population. The age-related decline in the functionality of the immune
system (immunosenescence) is characterized by a chronic low-grade inflammatory status (inflammageing), which can undermine the equilibrium between the
microbiota and the gut-associated immune system, leading to changes in intestinal microbial structure and composition. Furthermore, changes in nutritional
behaviour and life style of aged people contribute to the age-related imbalances
of the intestinal microbial community.

Microbiota and diseases
Links have been found between imbalances of the intestinal microbial composition, named dysbiosis, and an increasing number of diseases, syndromes and
other aberrations. A decrease in the desirable gastrointestinal bacteria will lead
to deterioration in gastrointestinal, neuroendocrine or immune relationships and
ultimately to disease. This evidence unmasks the unwanted face of the microbiota
and stresses the importance of an accurate equilibrium between microbes and
mucosal immune system.

The negative impact of antibiotics on microbiota
Dysbiosis can result from the use of antibiotics that affect targeted pathogen and
residential microbiota alike. Sometimes, the ‘friendly’ flora never fully recovers
or is replaced by pathogenic and/or resistant organisms. Antibiotic use is directly
involved in pseudomembranous colitis, caused by a pathogen (Clostridium
difficile) that is allowed to grow unopposed by the antibiotic-suppressed normal
flora of the distal gut. Rare, fulminant pseudomembranous colitis have a ~50%
mortality, while 20% of mild or moderate cases suffer recurrence of the infection.
Since the first attempt in 1958, ~200 patients have been treated by administration
of fecal material obtained from a healthy donor. The cumulative success rate of
this treatment is ~90%, and no ill effects have yet to been reported. Despite its
remarkable success, this method is offered only to patients with more than two
relapses, since it is still considered a last, uncommon, and rather distasteful rescue
therapy.
Overuse of antibiotics, especially during childhood, could deeply affect the microbiota composition and be fuelling the dramatic increase in conditions such as
obesity; type 1 diabetes; inflammatory bowel diseases; allergy and asthma, which
have more than doubled in many populations.

NON-INFECTIOUS HUMAN DISEASES ASSOCIATED WITH GUT MICROBIAL DISORDERS
(adapted from J. Nicholson’s presentation)

• Gastric ulcers (Helicobacter pylori)
• Colonic and other cancers
• Autoimmune (AI) diseases
- Inflammatory bowel diseases
- Ulcerative colitis & Crohn’s disease
- Type I diabetes
- Primary biliary cirrhosis
- Celiac disease (type IV hypersensitivity)
- Others?
• Insulin resistance related conditions
- Type 2 diabetes and obesity
• Allergies and related immune disorders
- Asthma, eczema, psoriasis (suspected AI)

Allergy
The increasing prevalence of asthma and other atopic diseases during the last
decades was originally explained by the reduced exposure to microbes early in life.
More recently, the initial composition of the infant gut microbiota was recognized
as a key determinant in the development of atopic disease. Indeed, several studies
demonstrate that the microbiota of allergic and non-allergic infants is different
even before the development of symptoms, with a critical window during the first
6 months of life. Early colonization with Lactobacilli seems to decrease the risk for
allergy at five years of age despite allergic heredity, and fecal colonisation at age
3 weeks with either a Bacteroides fragilis subgroup or a Clostridium coccoides
subcluster XIVa species was an early indicator of possible asthma later in life.
There is thus encouraging evidence that specific probiotics can become valuable
tools in the prevention and management of allergic diseases.

• Neuropsychiatric disorders
- Autism, schizophrenia (suspected AI)
• Hypertension
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Irritable bowel syndrome and inflammatory bowel
disease
Given the proximity of the gut microbiota with the intestine, it is not surprising
that the microbiome is implicated in intestinal diseases such as irritable bowel
syndrome (IBS), a functional disorder characterized by chronic abdominal pain,
discomfort, bloating, and alteration of bowel habits in the absence of any detectable organic cause; and inflammatory bowel disease (IBD), a group of inflammatory conditions of the colon and small intestine, including Crohn’s disease (CD)
and ulcerative colitis.
IBS, or spastic colon, is associated with abnormal gut motility and visceral
hypersensitivity. Disturbed neural function of the brain-gut axis and an abnormal
autonomic nervous system with central pain amplification are all implicated in
disease progression. Correlations have been identified between the microbiota
and common intestinal symptoms, including abdominal pain and bloating. Global
and deep molecular analysis of fecal samples indicates that patients with IBS have
decreased levels of Bacteroidetes, with significant reduction in Bifidobacteria, and
increase in Firmicutes.
Microbiota dysbiosis contributes to the immunological component of inflammatory bowel disease (IBD) as well as exerting direct metabolic effects. Evidence
implicating the role of microbiota in IBD was initially derived from observations
that some antibiotics improved the disease course of patients with this disorder,
whereas several animal models of IBD required bacterial colonisation for inflammation to occur. A decrease in the abundance and biodiversity of intestinal bacteria within the dominant phylum Firmicutes has been observed repeatedly in
Crohn’s disease patients, which could lead to a breakdown in immune tolerance
to the microbiota. Indeed, a clone (related to B. vulgatus) isolated from a Crohn’s
disease microbiota library was shown to activate an inflammatory process through
the NF-kB signaling pathway and IL-8 production. In contrast, Faecalibacterium
prausnitzii, a bacteria that exhibits anti-inflammatory effects on cellular and animal colitis models through metabolites able to block NF-kB activation and IL-8
production, is significantly reduced in patients with a higher risk of postoperative
recurrence of ileal CD.
A few cases of successful treatment of ulcerative colitis by fecal bacteriotherapy
following antibiotic “sterilization” have been reported. Counterbalancing dysbiosis with probiotics could also be a promising strategy in Crohn’s disease treatment,
using either a multispecies probiotic supplementation (Lactobacillus rhamnosus
GG, L. rhamnosus Lc705, Propionibacterium freudenreichii ssp. shermanii JS and
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Bifidobacterium animalis ssp. Lactis Bb12) or selected strains such as F. prausnitzii.
Diagnostic tools have yet to be established to define target populations most likely
to benefit from this intervention.

Obesity and insulin resistance
Growing evidence supports the role of gut microbiota in the development of
obesity, type 2 diabetes and low-grade inflammation. Animal experiments have
shown that colonization of germ-free mice with an ‘obese microbiota’ results in
a significantly greater increase in total body fat than colonization with a ‘lean
microbiota’. In several studies, the gastrointestinal microbiota of overweight and
obese subjects has been found to differ from that of lean subjects: the proportion
of Bacteroidetes is decreased in obese people, with a proportional increase in
Firmicutes. An association between methanogenic Archaea and obesity has also
been observed. Moreover, it has been reported that differences in the gut microbiota during the first year of life may precede the onset of obesity. In this study,
the numbers of Bifidobacterium spp. were higher and the numbers of Staphylococcus aureus were lower in children who remained at normal weight than in
children who became overweight. Modifications of the gut microbiota in humans
have been shown to precede overweight, which opens the way to preventive and
therapeutic applications in weight management.
Numerous mechanisms have been proposed to explain how the microbial community participates in the development of fat mass, insulin resistance and low-grade
inflammation that characterize obesity. The obese microbiome has an increased
capacity to harvest energy from the diet. By increasing short chain fatty acid
production and absorption, the gut microbiota provides lipogenic substrates to
the host, thereby increasing hepatic lipogenesis and fat storage via several mechanisms. Amongst the key players involved in the control of fat mass development,
fasting induced adipose factor; AMP-activated protein kinase; G-protein coupled
receptor 41; and G-protein coupled receptor 43 have been linked to gut microbiota.
Low-grade inflammation might be directly linked to the gut microbiota through
metabolic endotoxaemia. High-fat diet disrupts gut microbiota, which results in
increased population levels of opportunistic pathogens such as sulfate-reducing
bacteria and decreased levels of gut barrier-protecting bacteria as well as an
activation of the endocannabinoid (eCB) system. This leads to an increased gut
permeability which enhances plasma LPS levels and inflammation and disturbs the
regulation of gut peptides (GLP-1 and GLP-2) that modulate food intake. Under
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the pathological conditions of obesity, the increased eCB tone and LPS levels participate in the dysregulation of adipogenesis, perpetuating the initial disequilibrium
and leading to a vicious cycle.
Several treatment strategies have been developed to decrease obesity. Bariatric
procedures, also called metabolic surgery, have demonstrated long-term weight
loss more than 15 years after surgery; pronounced metabolic effects including
diabetes resolution, as well as a significant reduction of mortality and incidence
of cancers. In addition to its physiological benefits through bile flow alteration;
reduction of gastric size; anatomical gut rearrangement and altered flow of
nutrients; vagal manipulation; and subsequent enteric gut hormone modulation, metabolic surgery also profoundly influences gut microbial-host metabolic
cross-talk, inducing changes in the microbial composition, including an increase
in Gammaproteobacteria, a proportional decrease in Firmicutes, and a loss of
methanogenic bacteria.
Impressive cases of weight loss with diets designed to restore the gut microbiota
have been reported. Probiotic and prebiotic approaches appear as potentially
beneficial treatments to reverse host metabolic alterations linked to gut microbiota dysbiosis, even if more studies are needed to unravel how changing gut
microbiota impacts the development of obesity and related metabolic alterations.
The answers to these key questions will be crucial for the future development of
“à la carte” treatments for dysbiosis-linked pathologies.

Treating dysbiosis
Naturally, there is intense interest in ways to modify the microbiota to treat
disease and promote health. Manipulation of the colonic microbiota to improve
its protective and beneficial role represents a promising field of new therapeutic
strategies for the treatment of gastrointestinal and other chronic conditions.
Transplantation of microbiota in humans has been occasionally performed for
selected indications, showing that it is possible to engraft new microbiota from a
donor source, resulting in the restoration of gut functionality and improvement of
health. This relatively simple and highly curative method, however, never made it
among the standard options of treatment, probably because of aesthetic reasons
and a lack of understanding of the composition and critical functions of the distal
gut microbiota. No controlled trials have yet been carried out, and the standard
care for refractory ulcerative colitis as well as for fulminant Clostridium difficile
infections remains surgical removal of the colon. Nevertheless, replacement of
the host’s intestinal microbiota by fecal transplantation provides evidence for the
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plausibility of using this therapeutic approach for conditions that may be caused
by the pathogenic microbiota.

Prebiotics and probiotics
More “acceptable” approaches, either for treating or preventing disease, would
consist in administrating selected beneficial bacteria (probiotics) and/or food
ingredients that promote their growth (prebiotics), or a combination of probiotics
and prebiotics, called synbiotics. Synbiotics positively affect the host by introducing new beneficial bacteria to the indigenous gut population whilst ensuring its
growth and selectively stimulating the growth of the other endogenous healthpromoting bacteria, such as Bifidobacteria.
Clinical efficacy of probiotics has been shown in the treatment or prevention
of some gastrointestinal inflammation-associated disorders including traveler’s
diarrhea, antibiotics-associated diarrhea, pouchitis of the restorative ileal pouch
and necrotizing enterocolitis. According to recently published meta-analyses of
probiotics in IBS, there is a general agreement that probiotics decrease overall
IBS symptoms. However, these meta-analyses and systematic reviews have limitations due to heterogeneity in species or strains of the microorganisms, treatment
duration and characteristics of the enrolled patients. Most studies suggest that
Bifidobacterium, possibly Lactobacillus species and E. coli DSM 17252 have benefits
in IBS treatment.
Indeed, there is greater impact of the diet and probiotics on infant microbiota as
it is not as stable as in adults. Furthermore, early colonisation of the infant gut is
undoubtedly an important factor for the overall health of the infant and may also
have effects on the health status in later life. Several studies have demonstrated
that probiotic preparations are safe and effective when administered to children,
aiding in the treatment and prevention of several important diseases that develop
in early life such as many types of diarrhea, necrotising enterocolitis and atopic
eczema, and alleviating symptoms of lactose malabsorption in infants. A single
oral dose of a probiotic can lead to colonization of the neonatal intestinal tract in
low birth weight infants for an extended period of time. However, more research
is necessary in order to evaluate how such a strategy will affect long-term health
status.
Human breast milk is considered the best nutritional option for growth and health
development of newborn infants, since it contains a wide range of protective
compounds including carbohydrates, nucleotides, fatty acids, immunoglobulins,
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cytokines, intact immune cells and other immune-modulatory factors. Bacteria
with potential probiotic effects have been isolated from human milk such as L.
gasseri, L. rhamnosus, L. plantarum, L. fermentum, Enterococcus faecium, and
some bifidobacterial species (B. breve, B. adolescentis and B. bifidum). Many
attempts have been made to develop artificial formula that stimulate gut colonisation similar to that of breast-fed infants, with high numbers of bifidobacteria.
Administration of Lactobacillus plantarum, a commensal bacterium of humans, in
the small intestine of healthy subjects protects against chemically induced disruption of the tight junction and the associated increase in epithelial permeability.
Its oral administration has been proposed to enhance the intestinal barrier which
is compromised by a number of intestinal disorders. Its consumption has been
shown to modulate in vivo transcriptional profiles of the proximal small intestinal
mucosa involved in innate and adaptive immune responses, inducing genes associated with anti-inflammatory activities, whereas genes involved in establishing
and amplifying inflammatory immune responses were not expressed or not modulated. In the mucosa of the proximal small intestine of healthy volunteers, probiotic
strains from the species Lactobacillus acidophilus, L. casei, and L. rhamnosus
each induced differential gene-regulatory networks and pathways in the human
mucosa. Comprehensive analyses revealed that these transcriptional networks
regulate major basal mucosal processes and uncovered remarkable similarity to
response profiles obtained for specific bioactive molecules and drugs. This study
elucidates how intestinal mucosa of healthy humans perceives different probiotics
and provides avenues for rationally designed tests of clinical applications. Genes
with functional annotations relating to the immune response are mainly regulated on consumption of L. acidophilus, not on consumption of the other two
lactobacilli.
Short-chain fatty acids (SCFAs) are important end-products of microbial fermentation. Among the SCFAs produced in the human intestine, butyrate has been
widely studied and has been shown to play an important role in the maintenance
of colonic health. Increased butyrate production in the large intestine seems to
be responsible for at least some of the protective effects of fermentable dietary
fibre. Besides being an energy source for the intestinal epithelial cells, butyrate
also influences a wide array of cellular functions affecting colonic health. As such,
it may have an anti-carcinogenic and anti-inflammatory potential, affect the
intestinal barrier and play a role in satiety and oxidative stress. In several studies,
colonic administration of butyrate, or SCFA mixtures in patients with ulcerative
colitis, induced a significant improvement in clinical and inflammatory parameters.
Concentrations that can be achieved by consumption of a high-fiber diet enhanced the maintenance of colonic homeostasis in healthy subjects, by regulating
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fatty acid metabolism, electron transport and oxidative stress pathways on the
transcriptional level. Although not all studies in patients with colonic inflammation
confirmed the reduction in inflammation and clinical symptoms as a result of luminal
administration of butyrate or stimulation of luminal butyrate production by the
ingestion of dietary fibre, an amelioration of the inflammation and symptoms
in patients with active ulcerative colitis (UC) is strongly suggested. As there are
limitations to prolonged use of rectal enemas, especially with regard to compliance, oral ingestion of fermentable dietary fibre and the use of enteric-coated
tablets containing butyrate have been explored. Administration of such tablets in
combination with mesalazine (an anti-inflammatory drug) vs. mesalazine alone
significantly improved the condition of patients with mild-to-moderate UC. Similar
butyrate tablets also resulted in a significant clinical improvement in Crohn’s
disease patients, but this study lacked a control group.
Various dietary approaches have been developed and popularized to reduce body
weight and to prevent metabolic syndrome, including insulin resistance that ultimately leads to type 2 diabetes and cardiovascular complications. Dietary regimes
low in total energy, saturated fat and refined carbohydrates, appear to provide the
best long-term weight management effects. However, few data exist to support
the effectiveness of todays’ functional foods for weight management and there is
a lack of dietary intervention studies of sufficient duration that address disorders
such as obesity and diabetes.
The individualized genomes-based nutrition is not for tomorrow. But this new understanding of the key mediating role of gut microbiota between high-fat diet and
deranged host metabolism opens vast possibilities for discovering new biomarkers
with gut microbiota as a target in preventive management of the devastating
epidemic of metabolic diseases. Animal and human trial data indicate that monitoring structural shifts of gut microbiota, changes of lipopolysaccharide-binding
protein, inflammatory cytokines and fasting insulin level may constitute a new
set of biomarkers for early detection and nutritional prevention of the metabolic
syndrome as they reflect the cascades of molecular events from diet-disrupted
gut microbiota to increased antigen load to the host to provoked inflammation
to insulin resistance. Applications of such gut microbiota-based biomarkers may
add new tools in our arsenals for fighting diabetes in a preventive, predictive and
personalized way.
This is a completely new field that calls for the most recent developments in
genome sequencing technologies and bioinformatics to analyze trillions of gene
sequences. Much research is still to be done to translate these discoveries into
food products that reduce the risk of chronic diseases such as obesity, diabetes,
cardiovascular diseases or cancer.
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Participants proposed to establish a European consortium based on public-private
partnerships for pre-competitive nutrition research. Such collaborative research
could focus on the development, validation and harmonization of tools and
methods (e.g., fingerprinting) for routine analysis of the microbiota and lead
to the identification of biomarkers of disease risk. The rapid accumulation of
results on gut microbiota, enterotypes, and the impact of nutrition could
result in a more pragmatic approach for evaluation of claims by regulatory
authorities.

The challenges of nutrition and
public health - Improving nutrition globally

To fight micronutrient deficiencies, investment will be made in fortification and
biofortification, focusing on delivery of these solutions at scale and assessing their
health impact, particularly in the -9 to 24 month age group. New tools to measure multiple micronutrient deficiencies will be developed for population-based
assessments.
Engagement of key decision-makers will be required to achieve more and better
value for nutrition spending by using solid evidence of what works to guide policies
and program implementation, and to actively disseminate new solutions.
This program of the Bill & Melinda Gates Foundation also aims at creating new
partnerships and means for sharing scientific data and improving the relationship
between the private sector, governments, and civil society in the nutrition area.

Ellen Piwoz, Bill & Melinda Gates Foundation; Mamane Zeilani, Nutriset, France

Improving nutrition is one of the best investments for health promotion and poverty
alleviation. Increasingly, undernutrition and malnutrition are rising on the global
development agenda, thanks to the efforts of the Scaling Up Nutrition (SUN) movement and the 1,000 Days partnership. The Bill & Melinda Gates Foundation also
established a Nutrition Strategy and Execution Plan that was formally approved
in June 2011. Four initiatives will build on research and development to develop
more effective interventions based on a better understanding of the links between
nutrition, gut immunity and growth.
In order to promote healthy growth, awards will support discovery and development research leading to identification of simpler, less costly, and more effective
interventions that could prevent intrauterine growth restriction, stunting, and
wasting during pregnancy through the first two years of life (-9 to 24 months).
This initiative also supports research to understand interactions between nutrition,
infection, gut health, immune function, and growth, as well as multi-sectoral
solutions.
To improve breastfeeding behaviors, support will be provided for proof-of-concept
for large scale and innovative approaches to achieving sustainable behavior
change for breastfeeding, complementary feeding and related practices, particularly new approaches that use social networks; new communications technologies; incentives; and integrated delivery of nutrition with health and other poverty
alleviation programs and services. Activities are already underway in Bangladesh,
Ethiopia, India, and Viet Nam.
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New solutions to prevent malnutrition
A successful example of private sector involvement was presented by Nutriset, a
French company created in 1986 to develop new solutions to help prevent malnutrition in vulnerable populations. Deeply involved in R&D and transfer of technology, the company developed, a ready-to-use therapeutic food (Plumpy’nut®)
which is already widely used for community-based management of severe acute
malnutrition; it is a peanut-based paste in a plastic wrapper, which has a twoyear shelf life and requires no water, preparation, or refrigeration. This product
allows for large numbers of children with severe acute malnutrition to be treated
in their communities without being admitted to a health facility or a therapeutic
feeding center. Other products have been designed for the treatment of various
forms of malnutrition, as well as a range of fortified, lipid-based products, with
various density of vitamins, minerals and essential fatty acids, for prevention of
undernutrition. These Lipid-based Nutrient Supplements (LNS) will be tested in
Ghana, Malawi and Burkina Faso, in the framework of the International LipidBased Nutrient Supplements (iLiNS) Project, a collaboration between Nutriset and
public and private partners in California, Ghana, Malawi, Burkina Faso, Finland,
West Africa, and with the support of the Bill & Melinda Gates Foundation. The
iLiNS Project will study the impact of providing LNS to children aged 6-18 months
and to pregnant and lactating women, and explore the economic dimensions of
LNS used to prevent malnutrition. The know-how and technology will then be
transferred to local producers in countries where the demand for these products
is justified.
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Nutrition policies and regulation
Jean-Marie Bard, Kevin C. Maki, Biofortis; Christian Bréchot, Institut Mérieux, France;
Ary Bucione, Danisco / Brazil; Michel du Peloux, Biofortis, France; Michel Gardet, Nestle
Health Science, Switzerland; Catherine Geslain-Lanéelle, Executive Director, EFSA;
Françoise Levacon, Biofortis, France; Peter McConville, GSK Consumer Healthcare;
Christine M’Rini, Institut Mérieux, France; Frédéric René, Danone Dairy, France; Markus
Rudolph, Merck Consumer Healthcare, Germany; Leila G. Saldanha, NutrIQ® LLC, Alexandria, USA; Guy Valkenborg, European Advisory Services (EAS), Brussels, Belgium; Roland
Vaxelaire, Responsibility Management, Brussels, Belgium; Hui Wang, China CDC; Peter
Weber, Professor of Nutrition, DSM Nutritional Products, Kaiseraugst, Switzerland;
Wang Zhu, Institute for Nutritional Sciences, Shanghai, China;

With progress in understanding the role of physiologically active food components, foods are no longer solely viewed in terms of macro- or micronutrients
or even nutrient deficiencies or excesses, but also on their capacity to prevent
diseases and improve health. Disease prevention through diet could be a solution
to the growing epidemics of metabolic diseases and rising health care costs, and
for promoting health of ageing populations. Scientific research on the associations
between supplements and health is accumulating rapidly, which has created
a new and expanding field of functional foods. In spite of the accumulating
evidence of the role of food in health, participants in the forum noted, however,
that the role of nutrition in disease prevention, disease risk reduction and treatment
was not sufficiently recognized by physicians, key opinion leaders from academia,
especially from the pharmacotherapeutic areas as well as officials and other key
players across the globe. This new scientific domain should be incorporated into
academic curricula and evidence-based medicine.
National policies are being established and/or used to improve product formulation and composition in order to ensure better nutritional balance in products,
reduce portion sizes, use less artificial elements; ensure food safety and food
hygiene, prevent contamination and allergies; categorize foods and protect the
consumer from unsubstantiated, false or misleading claims. They lay down the
rules and requirements to support health claims for food products, including the
kinds of claims possible, the populations to be studied, the use of recognized
biomarkers, and the information to consumers through labeling.
A first regulation on food labeling of conventional foods and dietary supplements
was set up in 1990 in the USA (the Nutrition Labeling and Education Act), which
required health claims to receive approval from the Food and Drug Administration
(FDA). Since 1999, Brazil has developed a large regulatory framework for food
products, with at least eighteen key federal by-laws and legislations. The European
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Regulation (EC) No 1924/2006 on the use of nutrition and health claims for foods
was adopted in December 2006.
These regulations have to be regularly updated, depending on the modifications in
public health needs and breakthroughs in nutrition research. In 2011, the European
Food Safety Authority (EFSA) revised the scientific and technical guidance for
applications, to help applicants in preparing and presenting their applications for
authorization of health claims which fall under Article 14 (referring to children’s
development and health, and to disease risk reduction claims) or 13(5) (which
are based on newly developed scientific evidence and/or which include a request
for the protection of proprietary data), or for modification of an existing authorization in accordance with Article 19 of the Regulation. It is intended that the
guidance will be kept under review and will be further amended and updated
as appropriate in light of experience gained from the evaluation of health claim
applications. EFSA is currently conducting a reorganization program to address
the growing demands with regard to the assessment of regulated substances,
including health claims.
National regulations on functional foods have also been developed in China,
Japan, South Korea and Taiwan, countries where certain foods have long been
considered to have health benefits. In China, following the problems of melamine
contamination of milk, a major revision of the food and drug laws was made
in 2009, For the very first time, the Food Safety Law established food security
regulation and a national surveillance system. Guidelines for standardization of
the nutritional information labeling were added to the Chinese Food Nutrition
Labeling Regulation (CFNLR) in September 2011, and the State Food and Drug
Administration (SFDA) is currently reassessing health claims formerly accepted on
the basis of Chinese traditional concepts.
Recognizing that “the majority of adults and one in three children are overweight or
obese” and that this crisis can no longer be ignored,” the USA published the 2010
Dietary Guidelines for Americans. These guidelines focus on balancing calories
with physical activity, and encourage Americans to consume more healthy foods like
vegetables, fruits, whole grains, fat-free and low-fat dairy products, and seafood,
and to consume less sodium, saturated and trans fats, added sugars, and refined
grains. Consistent with the 2010 US Dietary Guidelines, the US FDA has also
established a coordinated effort to reduce the level of sodium in packaged and
restaurant foods, and levels of SoFAS (solid fat, including trans-fat, and added
sugar) in the diet. On January 2011, the Food Safety Modernization Act (FSMA)
was signed into law. In April 2011, the FDA released its 2011-2015 strategic
priorities, which include promotion of healthy dietary practices and nutrition by
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increasing the availability of safe and nutritious new food products; it provides
clear and timely information to promote better nutrition and reduce the risk of
chronic diseases, such as obesity, by strengthening food labeling that promotes
healthful dietary practices. FDA plans to issue rules to update the Nutrition and
Supplement Facts panels. Finally, in response to the Food Safety Modernization
Act, it published a draft guidance stating its position on what constitutes a new
dietary ingredient (NDI) and requirements for an NDI notification.
The Federal Trade Commission (FTC) and FDA that share jurisdiction over
claims made by manufacturers of food products have escalated their
enforcement activity against violative and deceptive labeling and health
claims. A recent case of interest is one filed by FTC against POM Wonderful for “false and unsubstantiated claims that their products will prevent
or treat heart disease, prostate cancer, and erectile dysfunction”, considering that the alleged claims did not have the relevant scientific backing.

Harmonization of a world nutrition market
As food and nutrition are global, there is a need to coordinate policies. This
harmonization should always focus on the interest of the patient/consumer.
Currently, several global institutions are promoting guiding principles: The World
Health Organization (WHO); the Codex alimentarius and the European Union (EU).
The EU is the most regulated region in the world. It is often followed by others:
if something works for a group of 27 countries, it probably works anywhere else.
The EU is the first “exporter” of food legislation through promoting its own policies/solutions to other countries or similar forms of regional integration in other
regions. It is an “activist” in terms of nutrition & health policies, and very influential in international settings (e.g. Codex)
The Codex Alimentarius Commission, a science-based organization created in
1963 by the Food and Agriculture Organization (FAO) and the World Health
Organization (WHO) develops food standards, guidelines and related texts such
as codes of practice under the Joint FAO/WHO Food Standards Programme. The
Codex Alimentarius, or the food code, has become the global reference point for
consumers, food producers and processors, national food control agencies and
the international food trade. Its standards are taken into account in national and
regional legislation, and used as a reference point in trade issues in the World
Trade Organization (WTO) for the Agreement on Technical Barriers to Trade (TBT)
and the Agreement on the Application of Sanitary and Phytosanitary Measures
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(the «SPS Agreement») which concerns the application of food safety and animal
and plant health regulations.
The Codex Alimentarius Standards are basic requirements to be met by the
3-member countries of the North American Free Trade Agreement (NAFTA) in
terms of health and safety aspects for food products. The MERCOSUR (Common
Southern Market), an economic and political agreement among Argentina, Brazil, Paraguay and Uruguay, also recommends the adoption of a range of Codex
Standards by its member countries. Codex Standards are also the most important
reference points in the Association of Southeast Asian Nations (ASEAN) in their
regulatory harmonization process. The European Union legislation also frequently
refers to Codex as the basis for its requirements.
Harmonized food legislation has already been adopted at the regional levels. In
the ASEAN countries (Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, the
Philippines, Singapore, Thailand, and Vietnam) a number of food safety crises have
made a strong case for increased cooperation and harmonisation. The ASEAN
Foodstuffs Product Working Group has prepared an ambitious food safety harmonisation program with significant progress to be made by 2015. In 2001, Brazil
passed legislation mandating labeling on all prepackaged foods as an anti-obesity
strategy. After two years of protracted discussions, the countries developed a
harmonized standard for labeling that became mandatory as of August 2006.
There are still, however, many differences between the various regional regulations as well as in their implementation and interpretation. For instance, the FDA
recognizes several types of claims: health claims; nutrient content claims, and
structure function claims; Europe distinguishes nutrition claims and health claims.
While health claims with insufficient evidence are rejected in Europe, FDA has
established a ranking system level that reflects the relative weight of the scientific evidence supporting the proposed claim. Unqualified ‘‘A’’ levels claims are
those that meet the standard of significant scientific agreement, while those with
moderate-to-low evidence are “qualified health claims”. A “letter of enforcement
discretion” issued by FDA to the petitioner specifies the nature of the qualified
health claim. In addition, several categories of health claims can be used without
preapproval by the FDA before being used on labels; but they must be accompanied by a “disclaimer“ that FDA has not evaluated the claim, and that the dietary
product is not intended to “diagnose, treat, cure or prevent any disease”.
Each continent has established regulatory and administrative barriers to protect local market. Regulations are often established in reaction to crises, without sufficient involvement of the various stakeholders, and the needs for
industry innovation are barely recognized. Priority is not always given to “right”
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considerations,efforts in innovation are sometimes seriously hampered, and safety
may be compromised.
An approach for harmonization could be the creation of global and regional alignment centres where stakeholders are widely involved and that provide an opportunity to collect data and prepare common analysis and best practice case studies
based on science and technical expertise. The basic statement that any
“nutritional product” may have a unique and harmonized worldwide descriptive dossier would greatly help both regulators and
industry.
The growing power of consumers and patient associations should
be increasingly taken into account. They could be involved not
only in identifying and filing false nutrition claims; they could also
be involved in study protocol designs and follow-up as well as in
safety monitoring, as it is the case in the pharma model.

Do current food regulations discourage functional
foods innovation?
Health claim regulation has been a topic of controversy. Indeed, the road to health
claim approval is lengthy, expensive, with little incentive for food companies to
pursue clinical research to demonstrate the role of foods or food ingredients in
disease prevention.
The number of accepted surrogate biomarkers is limited; there is ambiguity over
the populations appropriate for studies; and there are no mechanisms in place
to protect a company’s research investment. This uncertainty represents potential barriers to nutrition and food industry-sponsored research and innovation.
Companies are reluctant to spend money on research due to fear that their competitors will be able to use their health claim without the investment of research
funds.

Health claims require a high standard of evidence
Debate exists over what constitutes “scientific assessment of the highest possible standard” or “significant scientific agreement” required by EFSA and FDA.
Observational studies, reviews, meta-analyses, animal and in vitro studies may be
evaluated. However, double-blind, randomized, controlled clinical intervention
trials are the “gold standard”. But in this case, how many subjects have to be
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included? Are several small trials better than one large trial? What populations
should be studied and for what period of time? What biomarkers are acceptable
surrogate endpoints?
All agree that randomized clinical trials are the best way to substantiate claims on
foods for special medical purposes with well-defined end-points; they question,
however, the relevance of the model used for evaluation of health and nutrition
claims which is largely based on the model used for pharmaceutical products. The
paradigms developed by the pharmaceutical industry to study drugs that generally
contain a single active component with one target site in the body do not apply to
functional foods. Benefit assessment is not yet a well-established procedure, and
the complexity of diet and nutrition may not allow demonstrating the effect of
one food or one food component. Foods consist of a variety of components and
can have multiple interactions with many human targets upon consumption. The
impact of these interactions is usually much smaller for food components than
for a pharmaceutical product. In addition, foods are consumed every day throughout life, whereas drugs are usually taken in small amounts for shorter periods of
time. Moreover, food components show a wide range of interactions among each
other, whereas drugs are delivered in a form that is as pure as possible in a formulation that specifically addresses bioefficacy. Finally, foods should also be tasteful,
safe and convenient to be successful in the consumer market. Studies aiming at
understanding how a food component is affected within the food matrix, as well
as studying its fate and its effects in the human body, including the mechanism of
action; the effect of concentration; and interaction with other food components
in the diet defines a new scientific concept, denoted nutridynamics.
Nutrition and food experts are concerned that EFSA has rejected more than 80%
of 1,300 reviewed product claims as scientifically unsubstantiated. For instance,
health claims on the beneficial effects of probiotics have been rejected, while a
current meta-analysis carried out by the Cochrane Collaboration found that they
had a significant impact on diarrhea.

What is considered as a beneficial physiological effect?
Biomarkers and surrogate endpoints
Although improved nutrition and functional foods aim at preventing disease, the
paradox is that clinical endpoints are excluded from the assessment of the claim,
since it would then be considered drug claims and as such illegal for a food. For
instance, diarrhea cannot be used as an endpoint to develop a product that prevents diarrhea. Currently, the EU rules demand proof-of-health benefits by the
establishment of biomarker-based cause-relationships in healthy people.
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The issue is thus to define and validate relevant biomarkers. The effect must
concern humans and not the food itself. For example, claims made on the capability of food of scavenging-free radicals, for example, are not considered as a
beneficial physiological effect in humans. It has to be specific: the overall antioxidant capacity of plasma cannot be considered as a relevant biomarker because
the induction of antioxidant enzymes is not specific and can reflect a response to
a pro-oxidant effect of a dietary component as well.

Selection of study subjects

The strict criteria used by the EFSA are alleged to penalize innovative SMEs which
frequently do not have the financial resources to pay for expensive human trials.
However, one small company has demonstrated that it is possible to get approval
for complex food products. Provexis’s was the first health claim accepted by the
EFSA under Article 13.5 of the European regulation, for Fruitflow®, a water-soluble
tomato concentrate that ‘helps maintain normal platelet aggregation which contributes to healthy blood flow’. It was based on 8 human studies (7 proprietary)
and 7 (3 claimed as proprietary) non-human studies. It showed that it is important
to have a strong and well-detectable endpoint, an exact characterization of the
product, and well-designed human studies.

However, in some cases, the FDA can consider evidence from studies in individuals
diagnosed with the disease subject of the health claim, if extrapolation to individuals who do not have the disease it is considered as scientifically appropriate. The
mechanism(s) underlying the effects measured in the diseased populations must
be the same as the mechanism(s) for risk reduction in non-diseased populations;
and the substance affects these mechanisms in the same way in both diseased
people and healthy people.

In 2008, after reviewing dozens of applications for food health claims based
on stated effects on biomarkers, the FDA asked the Institute of Medicine (IOM)
to conduct a study on the evaluation process for biomarkers and surrogate
endpoints. In its report, the IOM recommends that the FDA adopt a consistent
scientific framework consisting of three steps: analytical validation to ensure
biomarker tests are reliable, reproducible, and adequately sensitive and specific;
qualification to ensure the biomarker is associated with the clinical outcome of
concern; utilization analysis to determine that the biomarker is appropriate for the
proposed use. Additionally, the IOM recommends that FDA use the same degree
of scientific rigor for evaluating biomarker use across regulatory areas, including
drugs, medical devices, biologics, foods, and dietary supplements. Recognizing
that scientific information is always evolving, the framework should not be rigid
and allow for the introduction of new, life-saving health interventions. FDA still
has to implement the recommendations of the IOM study. In the meanwhile,
the restricted list of FDA-approved surrogate endpoints will continue to limit the
number of health claims that can be made for foods.
It has been clearly demonstrated that the rules for assessment of biomarkers of nutritional impact and evaluation of the risk/benefit ratio of food
products are very different between the US & Europe. The first priority
before any harmonization initiative would be an evaluation of these differences and gaps.
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The FDA and EFSA require demonstration of benefits in the general (healthy) population; specific target populations (elderly people, pregnant women) are considered only on a case-by-case basis. It is difficult, however, to show improvements
in people with normal physiology. Indeed, subjects with the disease are not the
target population, but effects are generally easier to demonstrate when levels are
abnormal as baseline.

Experts present in the forum “Better Foods for Better Heath” proposed that regulations accept studies based on populations at high risk for diseases to support
health-related claims on foods.

Dialogue between stakeholders is the key
To stimulate innovation and research by the nutrition and food industry with the
goal of enhancing public health globally, it was suggested to develop a simplified
“fast track” procedure for the authorization of health claims made on substances
for which insufficient intake can represent a public health issue, such as folate
for the prevention of neural tube defects in neonates, and vitamin D to prevent
deficiencies in newborns, breast cancer and other chronic diseases in women.
In the context of public health, this initiative aiming at informing and educating
consumers would be widely seen as a step forward. This “neutraceutical“ concept
could be a new, regulatory category with step-by-step approaches demonstrating
year after year that it is evidence-based. Validation of safety would be the starting
point, followed by proof-of-concept and pragmatic traditional usage.
Food and nutrition professionals should continue to work with the food industry;
health professionals; the government; the scientific community; and the media to
ensure that the public has accurate information regarding functional foods and
thus should continue to educate themselves on this emerging area of food and
nutrition science.
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EFSA recognizes that evaluation of claim applications is also a learning process
for them, and emphasizes that progress has been made with the revision of guidance for health claim. The current current reorganization should make EFSA
more flexible and better able to respond to the increasing demands for its scientific advice. The Applications Desk will act as a first contact point for companies
submitting applications for the evaluation of regulated substances, products and
claims.
Nutrition and food industry stakeholders welcome the efforts of the EFSA to establish common rules to promote the scientific validity of claims and provide transparency and clarity on the claims requirements. However, since each application
is a specific case and has to be considered as such, they call for an increased dialogue between EFSA and the applicants before and during the evaluation of each
application. A procedure could be established to provide greater support at any
stage of the process to applicants who encounter difficulties or have questions.
This procedure could mirror the existing model for the development of medical
products based on dialogue and exchange, and could include scientific review
meetings to critically examine planned scientific studies for the substantiation of
new health claims before the studies begin; pre-submission meetings to check
specific requirements for the product under study and the validity of the methods
used to address them; and an open dialogue during the evaluation process.
Such practices would add value to the quality of the applications and reassure
new applicants who may be reluctant to invest in new research programs due to
uncertainty regarding marketing issues. It would create a favorable context for
research investments and partnerships, particularly in the emerging field of gut
microbiota.
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