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Avant-propos

The DANONE INSTITUTE is an association of scientists, who are specialists
in the field of nutrition.

Its objectives are as follows:
— to encourage research in the field of nutrition,

— and to inform professionals in the areas of health and education
about all matters related to foodstuffs.

The DANONE CHAIR contributes to this second objective, as it aims to
highlight recent developments in the area of human nutrition. The chair
was created in 1994 and every year it is awarded to both a Dutch-language
university and a French-language university in Belgium. Under their patronage,
they organise instruction by Belgian or non-Belgian scholars. This course of
instruction, which is aimed at nutrition specialists from a multidisciplinary
background, comprises an introductory lecture followed by fifteen hours of
course work. All conferences are contained in an integrated publication in a
series of monographs, which are edited by the DANONE INSTITUTE.

ProfessorJean-Pierre MicHeL of the Geneva Medical Schooland University
Hospitals (Switzerland) was the holder of the Danone Chair awarded to the
University of Antwerp for the academic year 2005-2006. At the time of the
Chair, he was Head of the Department of Geriatrics and Rehabilitation at the
University of Geneva. Inspired by his teaching, the work “Nutrition, Ageing
and Longevity” complements the Danone Chair’s collection of monographs.

The DANONE INSTITUTE wishes to express its sincere gratitude to Professor
Jean-Pierre MicHEL. The quality of the series of conferences was confirmed
by the attendance of an attentive and enthusiastic audience. The monograph
which was produced as a result of this will certainly answer many readers’
questions. The INsTITUTE would also like to express its gratitude to Ms Ann GiLAD
for her valuable contribution to the compilation of this publication. Lastly, the
DANONE INSTITUTE expresses its deep gratitude to the staff of the University of
Antwerp, and especially to Professor Dr. M. VANDEWOUDE.

Prof. Dr. Nicolas PAQuoT Dr. Daniel BRASSEUR
President of the President of the
Scientific Council Board of Directors

Xi
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Foreword

Professor Jean-Pierre Michel was elected as the chair holder of the
Danone Chair organised by the Danone Institute in 2006. The Medical School
at the University of Antwerp had the honour and the pleasure to welcome
Professor Michel for the organisation of this exciting event. As one of the leading
geriatricians in Europe he is the ideal candidate for addressing the complex
topic of “Nutrition in older people” in all its aspects. Actually Jean-Pierre Michel
is head of the Department of Geriatrics and Rehabilitation at the University of
Geneva, Switzerland, where he co-founded the Interfaculty Gerontology Center
and was the driving force in the establishment of the European Academy for
the Medicine of Aging (EAMA). He is honorary professor in Limoges, France, at
Beijing University Hospital, China, and adjunct professor at Mac Gill University,
Montreal, Canada. He has been elected as president of the Academic Board of
the European Union Geriatric Medicine Society (EUGMS). He is member of the
Royal British College of Physicians (UK) and was awarded the Ignatius Nascher
Prize of the town of Vienna for Geriatrics. He has authored 165 peer reviewed
publications and he is editor of numerous books. He is actively involved in
the organisation of different symposia and congresses such as the Geneva/
Springfield Symposia and the meetings of the EUGMS.

During the lectures of the Danone Chair an extensive overview of the
interaction of nutrition with ageing was given in a way that was very much
appreciated by the audience. The basic aspects of nutrition such as the
nutritional requirements and the assessment of nutritional status in older people
were addressed. Subsequently the lectures focused on very actual topics such
as osteoporosis and the complex concept of frailty, introducing an integrated
view of the dynamic changes that describe the evolution from robustness to
functional disability. All these themes were brought with great enthusiasm in
clearand interactive presentations so characteristic for Jean-Pierre Michel. These
high quality lectures make him a very popular presentator who is continuously
invited worldwide by universities and scientific organizations.

For those who have the privilege of knowing him on a more personal
basis, it is clear that Jean-Pierre Michel is not only a leading scientist but also
a warm-hearted and charismatic person, who enjoys life and especially good
food as can be expected from a geriatrician with an interest in the effects of
good nutrition on human health.



I have very much enjoyed the opportunity to play host to Jean-Pierre
Michel as the Danone Lecturer at the University of Antwerp. The lecture
series was very stimulating and contributed to a better understanding of the
important role that nutrition has for the human life span.

Prof Dr M.Vandewoude
School of Medicine
Department of Geriatrics

University of Antwerp
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Summary

By 2050, world population is expected to reach 9.1 billion, with great
heterogeneity in growth rates in the developed and the least-developed
countries. It is estimated there will be more than 4.5 million hip fractures
annually and more than 36 million patients with dementia, which are 2
profoundly disabling conditions explaining the concerns of an imminent
pandemic of frailty, co-morbidity, and disability. This alarming forecast is often
seen as if old age was a separate phase of life, initiating its own ailments.
However, advanced knowledge of the long-term implications on subsequent
clinical outcomes of physical and social exposure during gestation, childhood,
young and mid-adulthood emphasizes how health has to be considered in a
life-course perspective, from conception to extreme old age.

It is in this precise context that | have written the monograph as holder
of the 2006 Danone Chair awarded to the University of Antwerp. The main
focus of the book is to stress the essential role of an adequate nutritional
intake so as to favour healthy ageing and to prevent the age-related ailing
conditions such as atherosclerosis, dementia, osteoporosis, sarcopenia and
falls whose dramatic consequences contribute to frailty, disability, shorter
survival and a poor quality of life. This core development is integrated in a
wider classical nutritional approach such as changes in appetite and weight,
nutrition requirements and nutritional assessment , the impact of oral health
on nutrients intake, and food/drugs interactions. The intricate problem linked
to nutrition and hydration in older patients with life-limiting illnesses closes
this geriatric overview of the fundamental role of nutrition in the entire life
process.

| do hope that this monograph will mirror my enthusiasm and the
pleasure | have had in giving the lectures and in sharing ideas while | was in
Antwerp.. My deep recognition goes to Professor Dr Maurits Vandewoude
who welcomed me so warmly during my stay in Belgium.
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1 — Nutrition and longevity

« Issues in GERIATRIC NUTRITION are inextricably linked
to broader issues facing the growing aging population »

MILLER DK & al [1]

This monograph will attempt to encapsulate Danone Chair lectures
given at the University of Antwerp in 2006 on ‘Nutrition and Longevity’. The
aging population is on the rise on a worldwide scale. Concurrently, we have
noticed some major changes in our nutritional habits over the past centuries.
This raises the question on whether there is a relationship between nutrition
and longevity.

1-1 Lengthening of life span

Ageing is a lifelong process which begins its course as soon as birth.
Several recent epidemiological studies have demonstrated that early-life
health and socio-economic environment, during pregnancy, childhood and/or
teenage periods may have unexpected significant repercussions on the health
status at midlife and older ages [2].

1-1-1 Life expectancy increase

Improvement in public health and superior hygienic environments, such
as the widespread availability of drinking water or a mother and child’s hygiene
and care, are amongst the multiple factors that have increased life expectancy.
In Sweden, birth mortality decreased from 240/1,000 in 1872 to 5.6/1,000 in 1998
[3]. A more comprehensive understanding on the different aspects of health
and disease has also resulted in an increase of the population’s mean age. The
probability of dying at age 70 decreased in Sweden from 10% in 1872 to 2% in
1998 [3]. Moreover, the probability of dying decreased in Swedish octogenarians
and nonagenarians, from 17.5% in 1950 to 9.5% in 1995. These advancements
have allowed for some rapid developments in geriatric medicine. Women'’s
life expectancy increased linearly from 1840 to 2000, rising from 45 to 85 years
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old [4]. Due to the unknown limitations of the increase of life expectancy, it
is impossible to predict the mean age reached by the end of the 215t century
[5]. One can only wonder if Mrs. Jeanne Louise CALMENT (F), born in 1875 and
died in 1997 at the venerable age of 122, reached her final limit. [6]

The major human life expectancy extension over the last century of
Western society is currently occurring in developing countries atan accelerated
rate. For instance, Brazil’s life expectancy at birth was 40 years in 1950 and
has already exceeded 60 years in 2000; it can be expected that this trend will
continue over the next decades [7].

As a consequence of all these demographic changes, the world
population of 390 million aged 65+ in 1997, will likely shift to be at least 800
million by 2025 [8].

1-1-2 Healthy active life expectancy

In the next few years, medicine and nutrition communities will have
to face the ever-so present challenge of upholding optimal physical and
psychological health. The healthy active life expectancy corresponds to the
average number of years an individual is expected to live without any limitation
for basic and/or instrumental activities of daily living (bADL and/or iADL) [9].
Since the 1970s, calculations of disability-free life expectancy (DFLE), based
on the WHO classifications of disability, have been performed and regularly
repeated for a growing number of countries [10]. In Western European
countries (Austria, Belgium, France, Germany and Switzerland), less than 80%
of men’s and women’s life is spent without disability [11] such that 20% of life
is lived in a disabled state, which implies help from a caretaker in order to cope
with the daily living activities. A survey conducted in the U.S. showed that for
a non-disabled, 65 year old man, the probability of surviving to age 80 without
disability is only 26% [12].

1-1-3 Preventing disability

One of the key issues associated with these calculations is determining
the main causes of disability:

— A 32-year longitudinal study of 1,741 U.S. alumni (1998), was essentially
based on three modifiable risk factors (weight, sedentary lifestyle,
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and smoking), distinguished a low-risk group (normal weight, regular
exercise and non-smoker) and a high-risk group (exactly the opposite).
Disability was postponed by 10 years in the low-risk group compared
to the high-risk group, formally demonstrating that lifestyle and health
behaviour are crucial contributors to ageing without disability [13].
However, these findings remain questionable, considering that all
the subjects of this study were only white, wealthy and well-educated
individuals[14].

- A12-year longitudinal study of 618 people over the age of 65 (at the start of
the study in 2002) was based on the impact of the same three risk factors
(weight, sedentary life style and smoking) and confirmed the results of the
previous study. The high-risk group (overweight, sedentary and smoking)
had a progressive functional decline over the 12 years of follow-up, with a
long period of ADL limitations during their last period of life. Inversely, the
low-risk group displayed no functional decline during the study period,
but did show a sudden functional decline at the end of life, therefore
confirming that lifestyle may be a key factor in disability prevention and
morbidity compression [15].

— A Canadian longitudinal study of 603 mentally healthy community residents
aged over 65, indicated that diseases are the main cause of disability in the
65-74 age group [16] . According to C. Mathers’ diseases classification, the
main disabling pathologies are those without death risk, but with a long-
term functional decline. Dementia, locomotor trauma and disorders, as
well as sensory impairments, represent the “geriatric diseases” and are
characterized by a high-risk of functional decline, disability and handicap.
Cardiovascular diseases and diabetes can now be included in this first
category, because therapeutic advancements have allowed them to progress
from fatal diseases to long-term disabling diseases [17]. The specific role of
nutrition in all of these pathological processes will be discussed later in this
monograph.

- The above-mentioned Canadian longitudinal study [16] demonstrated that
disability is twice more frequent in the 75-84 age group compared with the
65-74 age group. In the older age range, ADL limitations may essentially be
linked to increasing age itself.

The critical inference that can be drawn concerning healthy active life
expectancy is simple and direct: the disablement process is linked to lifestyle,
geriatric diseases and age. Therefore, the prevention of disability is a lifelong
challenge.
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1-1-4 The dynamics of healthy active life expectancy

The repeated calculation of active life or disability-free life expectancy
provides a better understanding of the impact of prevention and/or health
policy for one country or one specific area within a country. Three scenarios
are possible:

- The increase in healthy active life expectancy is slower than the increase in
total life expectancy, therefore resulting in an increase of the life expectancy
with disability; this is the “pessimistic” scenario called “pandemic of
morbidity and disability” or “expansion of morbidity” [18].

- The ratio of healthy active life expectancy to total life expectancy remains
more or less stable; this corresponds to the “dynamic equilibrium” scenario
[19].

— The increase in healthy active life expectancy is faster than the increase of
total life expectancy, corresponding to a relative or an absolute decrease
of the life expectancy lived with disability; this is named the scenario of
“compression of morbidity” [20] .

— These three scenari may co-exist at the same time in different parts of the
world, as demonstrated by countries having repeated calculations. These
results suggest the probable existence of a cycle of “morbidity” going from
pandemic to equilibrium and then compression. This last phase results in
the increase in the length of life, which in turn leads to a rise in the eldest of
the senior population. Consequently, this may open a new pandemic phase
with an increase in the number of sick, frail and disabled persons [21].

1-2 Survival and nutrition

Within this context, it seems important to determine the exact role of
nutrition on survival and more precisely, on healthy survival.

1-2-1 Survival impact of lifestyle in old age

A 10-year longitudinal SENECA study conducted in 7 different European
countries examined three risk factors (smoking, physical activity and diet
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quality) on 1,281 adults (m=631, w=650). In general, smokers did not perform
regular physical exercise and followed poor quality diets. The study found that
this group had a mortality risk 3 to 4 times greater than those who had the
opposite health behaviour.

When only 2 out of the 3 mentioned risk factors were present, the
mortality risk still remained 1.2 to 2 times higher [22,23].

1-2-2 Survival and obesity

In medical terms, obesity corresponds to an excess of adipose tissue
for a given weight. In the U.S., the National Health and Nutrition Examination
Survey Il (NHANES I11) showed an increase in the prevalence of obesity (BMI
> 30kg/m?) from 22.9% in 1988-94 to 30.5% in 1999-2000 [24]. The prevalence of
obesity varies from 25 to 30 % in males over 55 years old and is quite similar
for whites and blacks, while in the same age group, the prevalence of obesity
is higher for females, between 30 to 35 % in whites and around 60 % in blacks
[25]. Severe obesity is a major risk factor of early mortality in young adults;
this relationship is less clear for mild obesity and for older people. Moreover,
obesity remains a lifelong risk factor for disability.

Obesity atold age is very often associated with poor dietand frailty, which
may lead to functional decline and disability; consequently, the quality of life
can significantly be altered([26]. In the case of severe obesity, serious medical
complications are frequent such as, type 2 diabetes, hypercholesterolemia,
hypertriglyceridemia, gout, arterial hypertension and coronary diseases.
Furthermore, the prevalence of cancer may be increased in obese women
(breast, endometrial, gallbladder, cervix, and ovaries) as well as in obese men
(colon and prostate) [27]. Other complications of obesity are deep venous
embolism, pulmonary embolism, sleep apnea, Pickwickian syndrome and
gallbladder disease, and more frequently, intertrigo, bed sores and poor
wound healing. As previously mentioned, all these comorbidities influence
functional decline and physical dependence in daily life.

The reduced longevity of young people with extreme obesity (BMI >
45 kg/m?) has been perfectly demonstrated by the data accumulated by the
National Health and Nutrition Examination Surveys (I and Il - 1971-72 and Il
1988-94). Life expectancy lost due to extreme obesity varies from 13 to 20 years
for white and black men and from 3 to 8 for white and black women. However,
there is no difference in the decrease in life expectancy between moderate
and severe obese individuals over the age of 60 [28].
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1-2-3 Survival and undernutrition

Undernutrition is very common amongst the elderly. Risk factors for
protein- energy malnutrition include i) socio-economic factors, such as poverty
and social isolation, ii) psychological and mental factors, such as depression
and dementia, and iii) physical factors, such as impaired mobility, severe visual
deficit, poor dentition, chewing difficulties and somatic diseases (in particular
hyperthyroidism and hyperparathyroidism). In addition, undernutrition in
old age can also be linked to disability (limitations in basic and instrumental
activities of daily life — such as the need for help for shopping and meal
preparation, or feeding assistance) [1]. It can therefore be concluded that it
is possible that undernutrition in old age results from interactions between
ageing, social factors, psychological and medical difficulties and environment
[23].

The prevalence of undernutrition in old age varies with the nutrition
assessment tool used, the place of residence (individual or nursing home)
and the comorbidities and functional abilities of the studied population. The
prevalence of undernutrition varies from 5 to 10 % in independent healthy
old people living at home, reaches 30 to 60% in hospitalized patients and
culminates to 40 to 90% in long-term care institutions [29,30].

The consequences of undernutrition are multiple and often severe:
decubitus ulcers, immune dysfunction which leads to infections, sarcopenia
and osteopenia/osteoporosis, which in turn lead to falls and fractures, cognitive
impairment, decreased breathing capacity, decreased glomerular filtration rate
and indeed disturbed drug metabolism [27].

The impact of undernutrition on survival is evident. Among 83 acutely ill
patients (83 + 7 years) admitted in an acute geriatric ward, it was shown that the
undernourished (evaluated using either the subjective global assessment or
the mini nutritional assessment) had significantly higher risks of dying within a
1-year and 3-year interval than the well-nourished (respectively 40% compared
to 20% (p = 0.03) and 80% compared to 50% (p < 0.05) [23].

1-2-4 Survival and caloric restriction

Can caloric restriction increase longevity? The idea of OBSORNE of
limiting nutrient intake to increase rodents longevity dates back from 1917,
however, the experimental confirmation of this hypothesis was established in
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1935 by Mc CAY J. [31]. In contrast with undernutrition, which is associated with
several deficits in essential nutriments, caloric restriction is a well-balanced
reduction in food quantity, keeping the right balance of all essential nutrients,
minerals and vitamins [32].

Numerous biological mechanisms are proposed to explain the role of
caloric restriction on survival:

a) Retardation of growth — the above-mentioned effects of caloric restriction
in drosophilas are also valid in mice.

b) Decrease in body fat— important role of the Sirtiun proteins to decrease fat
deposition and to increase fat mobilization [33].

c¢) Decrease of the metabolic rate — no real evidence [31].

d) Decrease of oxidative damage — caloric restriction decreases the rate of
production of Reactive Oxygen Species (ROS) which leads to an increase of
both the efficiency of protective processes and repair activities [31].

e) Alteration of glucose metabolism and insulin synthesis — caloric restriction
increases glucose effectiveness and/or decreases insulin responsiveness
which corresponds to a lower level of plasma insulin and a lower insulin
signalling [31].

f) Deregulation of the growth hormone, IgF1 axis —increased longevity observed
in dwarf mice or experimentally produced in mice by disruption of the growth
hormone receptor/binding protein is linked to a IgF1 reduction [34,35].

g) Hormesis, which corresponds to the beneficial action of a low intensity
stress [31] — caloric restriction increases longevity by boosting the resistance
to stress and by counteracting the causes of ageing [36]. Theoretically, less
energy for somatic maintenance might allow indefinite survival.

e Caloric restriction in Drosophila melanogaster

Recent experimental studies of impact of dietary restriction on longevity
in drosophila melanogaster help to better understand the impact of nutrition:

a) Fully nourished drosophila have a shorter life span than dietary restricted ones;

b) Fully fed drosophila, which get a dietary restriction at day 14 or day 22 after
birth, increase significantly their survival;

c) Caloric restricted drosophila which get an ad libidum diet at day 14 or day
22 after birth, reduce significantly their survival [37].

At this moment, the impact of dietary restriction on increasing longevity
in also confirmed in Saccharomyces cerevisiae and Caenorhabditis elegans.
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e Caloric restriction in rodents

The ad libidum fed rats had survived 102 days, while the caloric restricted
rats reached 203 days [38]. Caloric restriction plays a triple role in increasing
life span and healthy ageing by:

a) Delaying the start of the ageing process by preventing the accumulation
of molecular damage throughout life and enhancing hepatic proteolytic
capacities;

b) Reducing the age related changes by limiting immune disorders and cancer
incidence;

c) Diminishing plasma cholesterol and improving cardio-vascular health [38]
[391[40].

The precise impact of caloric restriction on each organ is not yet well
understood, but knowledge on the matter increases rapidly. For example,
with ageing, gene expressions of liver are less and less modulated by controls
of over- and under-expressed genes. A four-week caloric restriction in adult
rodents allows a reduction by 65% of over-expressed genes responsible for
inflammatory responses, stress proteins chaperones and apoptosis negative
regulations. Within the same delay, caloric restriction increases by 77% of
under-expressed genes, whose roles are cell cycle regulation /DNA replication
and xenobiotic metabolism [40].

* Caloric restriction in monkeys

The first results are very encouraging with survival records (44 years)
obtained in food restricted monkeys for 17 years [41]. However, until now,
nothing was scientifically demonstrated in humans.

1-3 Summary

Ageing has to be considered in a lifelong perspective. Explanations as to
why life expectancy has increased have changed a lot during the last decades:

- In the sixties, life span was only correlated to “clock genes” assumed to
determine the maximum years of life for species and individuals.

- In the eighties, the concept of life span was modified by introducing the
notion of “self-cell defences”.
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- In the late nineties, the discovery of mutation genes and longevity genes
completed the scene.

- Today, genes, diet and environment are integrated in the main theories of
ageing, with a larger role for hormesis, which corresponds to a beneficial
action resulting from the response of an organism exposed to a low intensity
stress.

In effect, not much has really changed since Roger Bacon (1214-1294)
who once said that to age well you need to get proper rest, exercise, lead a
moderate lifestyle, and keep good hygiene, while inhaling the breath of a
young virgin and enjoying “a control diet”.
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2 — Changes in appetite
and weight regulatory
systems with ageing

In each individual human being, the balance in energy is usually very
precise; daily intake of food is highly variable and correlates poorly with
energy expenditure, whereas over a longer period, body weight is stable in
most adults [1]. With ageing, nutritional physiological changes appear, such as,
increased feelings of satiety, increased leptin levels, decreased feeding drive
and decreased volitional intake [2].

In order to better understand the modifications of appetite and weight
regulatory systems with ageing, it is important to analyse the function of the
central and peripheral regulatory systems and to study their interactions with
the environment and the individual’s behaviour.

2-1 Central regulatory system
of appetite and weight

Located in the hypothalamus, the arcuate nucleus plays a key role in
the central regulatory system and is in constant interaction with the tractus
solitarius and the other hypothalamic nuclei [3].

From the arcuate nucleus emerge two types of neurons with opposite
actions:

- Facilitating neurones producing neuropeptides, neuropeptide Y (NPY) and
Agouti-related peptide (AgRP), which increase appetite, body weight and fat
deposition while decreasing metabolic rate.

— Inhibiting neurones producing Propiomelanocortin (POMC) and Cocaine
/ Amphetamine Regulate Transcript (CART), which decrease appetite by
secreting the 0--melanocyte-stimulating hormone (a-MSH).

13
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Afferent signals act on the arcuate nucleus stimulating or inhibiting the
“awarding circuit” which produces opioids, endocannabinoid, serotonine and
dopamine. The activation of this circuit limits food intake.

The non-activation of the “award circuit” leads to the inhibition of
production of POMC, CART, a-melanocyte-stimulating hormone, which in
turn does not block appetite. This mechanism can be partly responsible for
numerous types of obesity.

2-2 The peripheral regulatory systems
of appetite and weight

Food intake and energy expenditures interact on the arcuate nucleus to
modulate the activities of two peripheral regulatory systems: a) short term or
day to day regulation and b) long term or months to year regulation [3].

2-2-1 The short term peripheral regulatory system

Several hormones take part in this complex regulation:

— Ghrelin is an «appetite stimuling hormone» produced in the stomach. Its
high level in the fasted state produces the feeling of hunger and facilitates
meal initiation. After eating, the level of ghrelin usually decreases. However
in obese individuals, food fails to suppress ghrelin levels [4].

— Peptide YY is an «appetite suppressant» produced by L cells of the gastro-
intestinal tract in proportion to the calories ingested during meals. Peptide
YY facilitates the production of satiety factors and induces the terminal
phase of the meal [4].

— Cholecystokynin is a «satiety hormone» rapidly produced by the intestine
after eating a meal, which stimulates gall bladder contraction and gut
mobility. Cholecystokynin also facilitates the production of satiety factors
and induces meal termination [4].

— Glucagon-like peptide 1, oxyntomodulin and pancreatic polypeptide are
other meal termination and satiety factors [4].
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2-2-2 The long term peripheral regulatory system

It includes three main hormones:

— Amylin produced by the pancreas;
— Insulin or «<hypoglycaemic hormone» also produced by the pancreas and;
- Leptin or «anti-obesity hormone» mainly produced by adipocytes.

These three hormones share similar characteristics, they are
synthesised and secreted in direct proportion to body fat, they have access
to appropriate areas of the central nervous system (CNS), and they influence
food intake and body weight in predictable ways [3,5].

Moreover, insulin can cross the blood-brain barrier and act on insulin
brain receptors as an anorexigenic signal (4). By knocking out brain insulin
receptors in rats, a study was able to demonstrate an important increase of
weight, body fat and plasma leptin [6].

Leptin, a hormone (16-kD protein) discovered in 1994 by Friedman,
does not cross the brain barrier, as was demonstrated in obese and leptin
deficient ob/ob mice [7-10]. Though the majority of leptin is produced by
adipocytes (and in a lower proportion by gastric and liver cells), there is a
hypothalamic production of leptin in the hippocampus, piriform cortex,
neocortex and cerebellum [11-13].

Under life-threatening conditions, plasma level of leptin decreases
and causes an inhibition of both somatotropic, gonadotropic, thyroidal
and adrenal axes [13]. These inhibitions lead to a metabolic adaptation with
the inactivation of the acetyl-CoA carboxylase (muscles) and stearoyl-CoA
desaturase-1 (liver), thereby provoking a decrease of fat deposit in muscles
and liver [14]. In fact, the main role of leptin appears to be protective against
weight loss in time of deprivation [3]. Therefore, leptin, also known as the
“anti-obesity” hormone, can also be called the “stress-related” hormone [3]
[13]. However, leptin is not the sole factor of the weight regulatory system.
Other mechanisms are much more complex due to the multiple and subtle
interactions exist with other hormonal regulations.
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2-3 Eating behaviour and ageing

2-3-1 Body weight changes in old adults

It is well known that eating behaviour and weight regulation change
considerably as humans age, as proved in a 90-day study where 7 young and 9
older adults underwent over- or under-feeding during 22 days, followed by an
ad libitum diet (15). Their weight regulation was carefully monitored:

- During the over-feeding period of 22 days, weight gain was faster and greater
in the younger than in the older individuals. At day 77, the younger adults
had lost weight (returning to a “normal” weight) while the older adults
continued to stay overweight.

— After the under-feeding period, weight loss was greater in the older subjects
than in the younger ones. After 42 days, the younger ones continued to gain
weight while the older ones continued to have a negative weight balance.

This study attests that the weight regulation in old adults is slow and not
well adapted to environmental stimuli.

2-3-2 Eating behaviour and ageing

Eating behaviour is the result of multiple and interplaying components:

— Sensory properties of foodandits hedonicevaluationare balanced by cultural
habits and norms responding to “beauty criteria” at any age. However, latent
brain modifications, such as a decreased blood supply and/or vitamin B12,
B6 and folate deficiencies, can change old adults’ food appreciation.

— Changes in dietary habits are closely linked to social conditions (loneliness,
widowhood) and financial situation (poor income). Nutritional changes
also depend on education (preference of nutrients), and whether eating
schedules are chosen or imposed. Moreover, the alterations of olfactory,
gustative and visual systems with age often lead to an increased consumption
of glucose and a lower protein intake [16]
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2-3-3 Eating behaviour and common diseases
in the elderly

Numerous conditions can suppress appetite and alter olfactory
function:

Nutritional deficiencies in zinc, niacin, vitamin B12 and folate (see above).

Endocrine disturbances: diabetes, hypothyroidism and panhypopituitarism (...).

— Infections, such as sinusitis and upper respiratory tract infections (...).

Head & neck diseases, such as dental problems, glossitis, rhinitis, nasal
polyps, radiation therapy and Sjogren syndrome (...)

Central nervous system diseases, such as Alzheimer’s disease, Parkinson’s,
Multiple sclerosis and Korsakoff (...).

2-3-4 Eating behaviour as a consequence
of drugs suppressing appetite and altering
olfactory function

Among numerous drugs used by the elderly, it is worth mentioning the
deleterious effect of antidepressants, antihistamines, anti-inflammatories,
antihypertensives, antimicrobials, antineoplastics, asthma medications,
bronchodilatators, cardiac medications, muscle relaxants, Parkinson’s disease
drugs and vasodilatators (...). These drugs have side effects that may disturb
appetite and olfactory function.

2-4 Summary

Appetite and weight regulatory systems are based on extremely complex
mechanisms with multiple and subtle neuro-hormonal regulations. Until now,
our basic knowledge is limited. Healthy older people have a slow and bad
adaptation to dietary changes. Moreover, appetite and weight regulatory
systems in the elderly are particularly influenced by extrinsic factors such
as cultural habits, social-economic factors, environmental conditions, co-
morbidity and drugs’ side effects.
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3 — Oral health and nutrition

Nutrition is linked to a good oral health. This means having a stable
oral cavity in a relatively disease-free condition and functioning comfortably
and adequately to eat and speak [1]. Many changes in oral hygiene and dental
status can occur with ageing and their impact on nutrition may be important.

3-1 The normal eating process

Eatingisacomplex, coordinated process wherebyfoodisingested, moistened,
chewed, tasted and is then swallowed from the oral cavity down the pharynx and
into the stomach [1]. The oral structures primarily functioning in the eating process
include the salivary glands, teeth, gingiva (gums) / alveolar bones (jaw), temporo-
mandibular joints, orofacial musculature, lips, tongue, palate, cheeks and mucous
membranes. The following describes all the various phases of eating.

3-1-1 Moistening

Saliva (which contains mucins and some enzymes) softens and binds
the food material. Major salivary glands (parotid, submaxillary and sublingual)
produce 95 % of the total daily salivary flow, while minor salivary glands (mucous
membranes of lips, tongue, palate and cheeks) produce the complement.

Moistening also involves the teeth for chewing, the tongue which
consolidates the bolus and the posterior part of the oral cavity which allows
swallowing [1].

3-1-2 Mastication or chewing

Numerous oral structures are involved in mastication:

— Teeth (the anterior cut and the posterior grind)
- The tongue elevates the food bolus against the hard palate.
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— Oral tissues produce saliva and anchor teeth in the jaws.

— The temporo-mandibular joint (TM]) swings (hinge-like) and slides in many
different axes.

- The oro-facial musculature moves the mandible and the food bolus against
the teeth and into the pharynx [1].

3-1-3 Tasting

The sense of tasting is a function attributed to the taste buds (sensory
receptors in the oral cavity). Tasting requires saliva to dissolve flavours and
bring them into contact with the taste buds, which are located on the tongue
surface (paplilleea circumvallatae), epithelium of the palate, tonsilar pillars and
around the nasopharynx. Food enjoyment depends essentially on the release
of tasteants into the mouth during chewing [1].

3-1-4 Swallowing

Swallowing includes three successive phases:

— The oral stage is voluntary, corresponding to the transfer of food material
from the oral cavity to the pharynx.

— The pharyngeal stage is an involuntary phase, constituted by a muscular
contraction allowing food passage through the pharynx to the oesophagus.

- The oesophageal stage which is also involuntary, promotes the food passage
from the pharynx into the stomach [1].

3-2 Impact of the ageing process
on oral health

Successful ageing of the oral cavity is a combination of outcome variables:
- Maintenance of teeth.
— Proper periodontal condition.

— Positive perceived oral health.
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— Satisfaction with the access to dental services [2].

A better condition of the oral cavity is more common since elderly
people benefit from dental care earlier in their youth. However, most have
alterations in their oral anatomic structures or physiologic functions which
affect oral health and interfere with eating habits, food choice and, as a result,
compromise nutritional status [1].

3-2-1 Compromised moistening

Xerostomia, more commonly known as dry mouth, occurs when saliva
production is inadequate (fluid volume<0,1 ml/min UWS or <0,7 ml/min
SWS), provoking sticking of food to teeth, burning sensation, oral soreness,
glossodynia, atrophic glossitis, taste impairment and denture irritation [1]. The
main risk factors for xerostomia are diabetes, Sjogren’s syndrome, but also
undesirable side effects of drugs such as antihypertensive drugs and tricyclic
antidepressants. Radiation and/or surgery can cause permanent destruction of
salivary glands and irreversible xerostomia.

3-2-2 Compromised chewing

Chewing ability depends on the presence of teeth, the force exerted when
biting and the length of chewing a bolus of food. Physiologic alterations of oral
structures can lead to altered masticating. For example, muscle flaccidity can
be the cause of swallowing disturbances; increased muscle tone can provoke
chewing problems, while muscle coordination can lead to eating difficulties.

Older adults with a decreased chewing efficiency will more likely opt for
softer foods that are easier to chew (which results in high sugar, fat and calorie
intake and deficiencies in fibre, proteins, iron, calcium and vitamins) [1].

3-2-3 Impaired tasting

Oral sepsis, poor dental hygiene and/or medication side effects
can impair taste sensitivity as well as alter flavour and palatability of foods/
beverages (from dysgueusia to hypogueusia and agueusia). These changes in
taste explain the preference of old people for salty and sweet foods.

21




22

NUTRITION, AGEING AND LONGEVITY

3-2-4 Abnormal swallowing

Oropharyngeal dysphagia is a consequence of problems related to the
initial steps in the act of swallowing. It increases the risk of aspiration of saliva
and food (aspiration pneumonia).

Otodynophagia or pain during swallowing is linked to neurological,
neuromuscular and structural or oral health problems (neoplasia, mucosal
pathology).

3-3 Different dental status in the elderly

Two thirds of older adults have retained their natural dentition, but only
0.3% have a normal denture [3].

3-3-1 Dental status in community-dwelling elderly

While the edentulism rate is decreasing, the number of conserved
natural teeth is increasing. However, these conserved teeth are accompanied
by numerous and significant oral diseases, especially as older adults become
functionally more dependent, cognitively impaired and/or medically
compromised [4]. These oral diseases are often linked to the absence of regular
medical dentistry consultation. In the Berlin Ageing Study (BASE), more than
10% of the 70-74 year age group and 33 % of the 95+ year age group lacked
dental care utilisation for at least 60 months [5].

The most common oral diseases of the community-dwelling elderly are:

— Periodontal diseases: Closely linked to the frequency and the quality of
personal oral care. Periodontal infections can be a source of bacteraemia,
septicaemia, infective endocarditis and brain abscess [3].

- Root tooth decays: More common in independent older adults, while coronal
decays occur frequently in dependent elders [6]. Between one fourth and two
thirds of older people living at home suffer from root tooth decays [7]. Risk
factors for developing root tooth decay are very old age, large root exposure,
less than 20 risky teeth and male gender. Moreover, bad oral hygiene, dry
mouth and a sweet diet accelerate the root decay onset. Functional status also
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significantly contributes to an increased risk of developing tooth decay [6].

- Leucoplasia (white lesion without deposition): Less common in the very old
than at mid life [8]. However, lichen plan (reticular & linear stripes, without
deposition) should not be misdiagnosed because the malignancy risk is
high in the short-term.

More medically compromised old patients living at home (increased life
expectancy) retain their natural teeth (better oral hygiene). This will increase
the need for ambulatory dental practice in the near future in order to reduce
bad oral health on general medical conditions and vice versa [9].

3-3-2 Dental status in institutionalised elderly

The poorest oral health conditions are most prominentin the dependent,
institutionalised patients. However, the onset of severe oral diseases appears
to occur prior to institutionalisation, which stresses again the importance of
community dental care [4].

In fact, the functional abilities of the oldest old constitute one key
problem with oral health.

Oral impairment (no or few teeth) and oral functional limitations
(chewing problems) were significantly related to general functional limitations
(mobility problems and frequency of dental visits) in institutionalised 75+
elders prospectively followed for 5 years [10].

For these institutionalised patients, the access to dental care is limited.
Mail questionnaires sent to different nursing home staff, perfectly demonstrate
the dilemma:

— Managers of nursing homes (n = 47) agreed, in 85% of the cases, to organize
transportation for the residents asking to go to a dental office. They ensure
the follow-up of dental care in 79 % of the cases. However, they request a
dental intervention in case of oral emergencies in only 68 % of the cases.

— Caregivers (n = 169) said that they did not receive education in oral hygiene care,
and that they are not responsible for oral hygiene of the institutionalized patients.
For them, the dentist is the only person responsible for the oral health care.

— Medical doctors (n = 30), responsible for the care of the residents in nursing
homes, systematically examine the oral cavity in only one of three new
residents. Moreover, only 20 % of medical doctors regard oral cavity as “an
integrated part of the body” [11].
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These results are truly alarming. They show the urgent necessity to
provide more education and training to the primary health care professionals.
Withoutthis knowledge and animproved sense of responsibility, itisimpossible
to recognise and treat, for example, the under-prothesis ulceration, a very
frequent oral lesion, which alters both eating ability and quality of life.

3-4 Oral health and nutrition

3-4-1 Impact of oral health on quantity and quality
of nutrient intake

A cross-sectional survey of 3,429 adults (1,433 men and 1,996 women)
randomly selected in Spanish primary care clinics and institutions (mean age
73.2 +/- 6.4) compared nutritional status of edentulous (31% of the studied
population) and dentate subjects (69% of the studied population who had an
average of 15 teeth). Malnutrition was noticed in 5% of the edentulous and 4%
of the dentate subjects, while risk of malnutrition was noticed in 43% of the
edentulous, and 39% of the dentate subjects [12].

Another study conducted on 77 Japanese subjects over 75 correlated
the number of teeth with the 3-day intake using a precise weighing method.
When comparing to older adults with > 20 teeth, those with < 19 teeth had
a significantly inferior intake of vegetable, fish, shellfish and total protein,
vitamins D, B,, B, niacin and panthotenic acid [13].

The NHANES Il survey, including 5,958 U.S. participants over 50,
demonstrated the importance of posterior occluding pairs of teeth. When
their number was below 5, the diversity of food decreases, as well as the intake
of fruits, carotene and vitamin C. In parallel, these subjects showed a higher
BMI, an elevated plasma cholesterol level and higher sodium intake [14].

These three selected studies show that the number of retained teeth
(more or less than 19) and their location in the mouth (posterior occluding
pairs) influence food intake (both in quality and in quantity).
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3-4-2 Bad oral health can alter global health

As above mentioned, bad oral health or periodontal disease can lead
to general infections such as bacteraemia, septicaemia, infective endocarditis
and brain abscess. [3]. The NHANES |1l survey showed that dental caries and
periodontal diseases representa burden of unmet oral treatment need in older
adults (bad oral health status leads to periodontal infection) and can provoke
aspiration pneumonia and lead to diabetes disequilibrium [15].

It has also been proven that:

— Pharyngeal mucosa can be colonized by respiratory pathogens which is
often a transient phenomenon;

- Dental plaques are a stable reservoir for respiratory pathogens and therefore a
major route for nosocomial pneumonia (aspiration of pharyngeal bacteria) [16].

3-4-3 Geriatric diseases interacting with oral health

Several diseases interact negatively with oral health in the elderly:

- Specific geriatric diseases : nutritional deficiencies which are particularly
common in the elderly (vitamin B,, B,, B,, B, folic acid, vitamin K and iron
deficiency), as well as temporal arthritis, tuberculosis, hyperparathyroidism
and Paget’s disease .

— Common diseases in the elderly: diabetes, rheumatoid arthrit