
Introduction

This report is based on an expert meeting held at the
Domaine du Carla in Castres (France) in November 2007.
Experts were asked to review selected topics, all concerning the
role of Nutrition in Cancer and Aging. The meeting, named
Carla Workshop, sponsored by Pierre Fabre Labs, brought
together 14 experts in the field of nutrition. This article contains
a report of each of the speeches given by the experts.

The meeting was opened by Dr. de Groot who presented her
view on successful aging focusing on nutrition and functioning
at an old age. Elements like cognition, bone health, anorexia
and sarcopenia were discussed as important issues for a healthy
aging process. Dr. Gambassi discussed the difficulties and the
discrepancies around an operational definition of frailty and
highl ighted the possible interplay with sarcopenia f inal ly
proposing possible interventions to prevent both frailty and
sarcopenia. Dr. Abellan van Kan gave a speech on Nutrition
and Cancer using data derived from the World Cancer Research
Fund / American Insti tute for Cancer Research rapport on
Food, Nutri tion, Physical  Activi ty, and the Prevention of
Cancer. He reviewed systematically all the available evidence
l i nking food nutri ents and cancer. Dr. Cederholm has
convincingly i l lustrated the substantial differences between
undernutri ti on, cachexia and anorexia and proposed
interventions to contrast cachexia. Dr. Andrieu highlighted the
recent research findings about a possible role of nutrition in the
prevention of cognitive decline. Nutritional components like
antioxidants, fatty acids, or homocysteine related vitamins were
all discussed. Dr. Bonjour discussed the role of nutritional
intake and composition in bone health and proposed possible
preventive measures and treatments for osteoporosis. Dr. Ritz
elaborated on several aspects of obesity in older people and
highlighted benefits and risks of weight loss. Finally, Dr. Salvˆ

reviewed nutri tional  issues of  the residents of  long term
facilities, focusing on the high prevalence of undernutrition.

Each presentation was fol lowed by a vivid discussion
coordinated by Dr. Vellas and Dr. Sinclair, who also offered a
closing statement.

Nutrition and Successful Aging

Heal thy aging, but also active aging are both part of
Successful Aging which is needed in order to embrace quality
of life as people age. Successful Aging is influenced by many
factors (endogenous and exogenous), whereby nutri tional
factors Ðas being modifiable- may play an important role. The
main findings in the Seneca study, as shown by Haveman-Nies
et al and Knoops et al, were that persons who adhered to 4
healthful lifestyle factors (consuming a high quality diet, being
physically active, drinking alcohol in moderation and non-
smoking) in comparison to those with 0 or 1 factor had 65%
less mortality rate during the 10 years of follow-up and lived 2
± 0.3 years longer (1, 2). The nutritional issues found in the
Seneca Study were that nutri ti onal  qual i ty establ i shed
differences in mortality as high as 25% in between the different
populations, the discovery of a prevalence of vitamin B12
deficiency of 25% and vitamin D deficiency of 40%, and that
nutri tion def ici ts was found to be associated wi th worse
functioning (3). Recent epidemiological  studies on older
people, searched links between nutrition and the prevention
osteoporosis, (4, 5) prevention of Alzheimer Disease (AD), (6,
7) presence of vitamin D deficiencies and muscle weakness, (8)
finding 4 main nutritional-influenced domains that could alter
active aging by declining functional autonomy and increasing
dependency on care. The domains identified were the presence
of osteoporosis, presence of cognitive decline and depression,
the presence of  anorexia of  aging, and the presence of

THE JOURNAL OF NUTRITION, HEALTH & AGING©

The Journal of Nutrition, Health & Aging©
Volume 12, Number 6, 2008

355

NUTRITION AND AGING. THE CARLA  WORKSHOP

G. ABELLAN VAN KAN 1, G. GAMBASSI2, L.C.P.G.M. DE GROOT3, S. ANDRIEU1,4,5, 
T. CEDERHOLM6, E. ANDRE7, J.-P. CAUBERE8, J.-P. BONJOUR9, P. RITZ10, A. SALVA11, 

A. SINCLAIR12, B. VELLAS1,5

1. GŽrontop™le, Department of Geriatric Medicine, CHU Toulouse, F-31059, France; 2. Universitˆ Cattolica del Sacro Cuore, Rome, Italy; 3. Wageningen University, Division of
Human Nutrition, Wageningen, The Netherlands; 4. Department of Epidemiology and Public Health, University III, F-31073, France; 5. Inserm U-558, University Toulouse III, F-31073,

France; 6. Uppsala University, Uppsala, Sweden; 7. Public Health, Grenoble, France; 8. Pierre Fabre Labs, Castres, France; 9. University Hospitals and Faculty of Medicine, Geneva,
Switzerland; 10. University of Angers, Angers, France; 11. : Institut Catalˆ de lÕEnvelliment. Universitat Aut—noma de Barcelona. Spain; 12. University of Bedfordshire, Luton (United

Kingdom). Corresponding author: Gabor Abellan van Kan, Department of Geriatric Medicine, Pavillon J.P. Junod, CHU Toulouse, 170 avenue de Casselardit,, TSA40031, 31059
Toulouse cedex 9 France, E-mail: abellan-van-kan-g@chu-toulouse.fr, Fax: +33.5.61.77.25.93   Phone: +33.5.61.77.76.49

The expert panel was composed of (alphabetical order): Dr. G. Abellan van Kan (University Hospital Toulouse, Toulouse, France), Dr. E. AndrŽ (Public
Health, Lab. Pierre Fabre, Castres, France), Pr. S. Andrieu (INSERM U-558, University III, Toulouse, France), Pr. J.P. Bonjour (University Hospital Geneva,
Geneva, Switzerland), Dr. T. Cederholm (Uppsala University, Uppsala, Sweden), Pr. J. DaydŽ (Ecole Sup. dÕIngŽnieur de Purpan, Toulouse, France) 
Dr. J. Deregnaucourt (Scientific Adviser, Lab. Pierre Fabre, Castres, France), Dr. G. Gambassi (Catholic University Sacro Cuore, Rome, Italy), Dr. L de Groot
(Wageningen University, Division of Human Nutrition, Wageningen, The Netherlands), C. LatgŽ (Sr Project Nutritherapy, Lab. Pierre Fabre, Castres, France), 
Dr. P. Ritz (University of Angers, Angers, France), Dr. T. Salvˆ (University of Barcelona, Barcelona, Spain), Pr. A. Sinclair (University of Bedford, Bedford,
United Kingdom), Pr. B. Vellas (University Hospital Toulouse, Toulouse, France).

Received April 25, 2008
Accepted for publication May 5, 2008



sarcopenia. Bischoff-Ferrari performed a meta-analysis on 3
RCT f inding a reduction in hip f racture wi th vi tamin D
supplementation (9). A reduction of risk fracture of 17% and
18% was found with vitamin D supplementation by Boonen et
al and Cranney et al respectively (10, 11). Even more vitamin B
group def i ci encies and elevated plasmati c l evel s of
homocysteinemia were found to be associated with fracture risk
by van Meurs et al and McLean et al. (12,13). Vitamin B12
deficiencies were associated with a 2-4 increased fracture risk,
probable related to proliferative properties of the vitamin B
group (osteoblast differentiation, collagen cross-links, DNA
methylation) (14). Supplementation of B group vitamins (folic
acid and vitamin B12) were found useful in reducing fracture
risk as shown by Sato et al. (15).

Cognition
The risk factors for cognitive decline and progression to AD

are not wel l  understood up to date. Nutri tion, based upon
epidemiologi cal  data, might play an important role i n
preventing cognitive decline (16). These epidemiological data
are controversial and many times contradictory probably due to
methodological  issues l ike study duration, endpoints, or
patientsÕ response to supplementation (17, 18).

Anorexia of aging
As stated by Morley, anorexia can be def ined as the

physiologi cal  decrease i n food i ntake occurri ng to
counterbalance reduced physical activity and lower metabolic
rate, not compensated in the long term (19). Satiation mediated
by cholecystokinine (CCK) i s increased whi le appeti te
mediated by ghrelin is decreased and the regulation of energy
intake is impaired (20, 21). This leads to a high prevalence in
malnutrition in many settings, finding that 25% of older people
in acute care, 20% in home care and 50% in long-term care are
undernourished. Cachexia, anorexia and sarcopenia are
overlapping syndromes of  malnutri ti on wi th speci f i c
intervention to be reversible. Trials should include evaluations
on drinks, capsules, taste enhancers and environment including
outcomes like performance cognition and bone health.

Sarcopenia
Many recent studies start to evaluate sarcopenia taking into

account muscle mass, body composition, and qual i ty and
function of muscles.

The challenge for the future as defined by Dangour et al. is
that the time has come to define preventive strategies not only
to avoid premature deaths, but also to preserve function in older
people, and as stated by Vellas et al, nutritional trials need
evidence as drugs in the prevention of cognitive decline (22,
23). 

Frailty and Sarcopenia

Frailty is defined as a state of high vulnerability for adverse
health outcomes, including fal ls, hospital ization, physical
disability, and mortality. According to the American Medical

Association, about 40% of persons aged 80 years and older are
frail. One of the great limitations nowadays is that there is a
lack of standardized working definitions on frailty. The most
accepted is the one proposed by Fried et al, validated in the
Cardiovascular Health Study. In such a definition, frailty has
shown to be predictor of physical disability, hospitalization and
mortality (24). The frailty syndrome, as proposed by Fried,
consists of 5 components shown in figure 1. There are 3 lean
loss conditions : Wasting  that is the loss of all compartments
with a negative energy and protein balance; Cachexia or the
loss of cell mass with weight and fat component stable or at
increase, due to intake near to adequate but presenting an
altered metabolism and elevated cytokines; and Sarcopenia, the
age-associated loss of muscle (25). Sarcopenia (from sarco =
flesh and penia = lack of) is an age-related loss of muscle mass
and strength which does not require necessarily a loss of body
weight and is rather f requently associated wi th obesi ty
(sarcopenic obesity). Sarcopenia has been increasingly used to
describe both the process of age-related muscle loss and the
clinical condition of having low levels of muscle mass. Skeletal
muscle mass decreases wi th age, presenting at old age a
progressive fat inf i l tration (seen with MR imaging or CT
scanning) that is not present in muscles of young individuals
(25, 26). Frontera et al. found decreasing longitudinal changes
in muscle cross-sectional area (in cm2), muscle strength (in
Nm) and muscle f ibre type in older men after 12 years of
follow-up in all muscles considered (27). These findings were
corroborated by Crieg et al. who found decreased muscle size
of the quadriceps after 8 years of follow-up (28). As for its
origin, sarcopenia is probably multifactorial, with a role for
decreased anabolic hormones, decreased physical activi ty,
increased arteriosclerosis and increased cytokine activity (29).
Although sarcopenia is a diagnosis than can easily be made,
one major issue is how to measure i t objectively and in a
reproducible fashion. Three continuous measures have been
proposed in the scientific literature:
¥ Appendicular lean mass divided by height-squared, or

expressed as a % of weight
¥ Appendicular lean mass adjusted for height and body fat

mass (residuals)
¥ Measurement of the cross-sectional area (e.g. thigh)

Figure 1
FriedÕs frailty criteria

These continuous measures however do not clearly identify
cut-off points that can help distinguish between normal muscle
mass and sarcopenia. All of the studies have used specifically
identif ied rigid cut-off points based on terti les or quarti les
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1. Weight loss Ð Unintentional, >4.5 kg in the past year
2. Exhaustion Ð From the CES-D scale
3. Physical inactivity Ð From the Minnesota Leisure Time Activity (MLTA) scale
4. Low walking speed Ð Worst gender- and height-specific quintile on 4-m walk test
5. Low hand grip strength Ð Worst gender- and BMI-specific quintile on hand grip

strength test

Non-frail: no criteria - Pre-frail: 1 or 2 criteria - Frail: more than 3 criteria



distri buti ons. I n order to overcome such l imi tati on,
Baumgartner has proposed an alternative approach. In his
definition, sarcopenia is a skeletal muscle mass lower than 2
Standard Deviations below the sex-speci f ic mean from a
healthy young population

As shown by Newman et al and Janssen et al, the prevalence
of sarcopenia changes substantially depending on the definition
of sarcopenia adopted (30, 31). Lean mass decreases with age,
similarly muscle power decreases. Baumgartner et al and later
Janssen et al found a clear relationship between sarcopenia and
disability with a relative risk as high as 4.6 for men and 3.15 for
women with severe sarcopenia, with increasing health care
costs (31, 32).

Sarcopenia is a major component of frailty but the reciprocal
interplay is yet to be fully understood and characterised. Dr
Gambassi i l lustrated a study investigating the relationship
between the frailty syndrome and muscle and fat measures in a
large sample of community-dwel l ing older persons (108).
Given the demonstrated relationships of inflammation with
frailty and body composition, the study also explored whether
inflammation could be a mediator of the relationship between
changes in body composition and frailty. The mean age of
participants was 74 years and they were predominantly women
(56%) and moderately overweight (BMI 27 kg/m2). Based on
the FriedÕs criteria, 8.8% of the individual has a diagnosis of
frailty. Low walking speed (22.4%) and low handgrip strength
(20.0%) were the two most prevalent components. A significant
trend in the reduction of muscle density and muscle mass was
found in the frail group compared to the intermediate and non-
frail group.  The fat area ratio was higher in participants with
intermediate frailty (22.1%) and frailty (22.0%) compared to
those with no frai l ty (20.3%). Unadjusted analyses (from
logistic regression models) showed a significant association
between muscle densi ty and low grip strength, physical
inactivity and low walking speed. However, in the adjusted
model, only low physical  activi ty and low walking speed
retained a statistically significant association. Most specifically,
each standard deviati on reducti on i n muscle densi ty 
(3.6 mg/cm3) was associated with a 26% higher likelihood of
being sedentary and 35% higher likelihood of having a low
walking speed. These results were not significantly modified by
adjusting for inf lammatory markers. Unadjusted analyses
showed a signif icant association of muscle area ratio with
exhaustion, physical inactivity and low walking speed. After
adjusting for potential confounders, only physical inactivity
remained significant and the result was not modified by the
inclusion of inflammation as potential confounder. Finally, the
unadjusted analyses showed an association between fat area
ratio and physical  inactivi ty which remained statistical ly
significant even in the fully adjusted models.

Sarcopenia and frai l ty are also related to obesity. With
advancing age, as muscle mass decreases, fat mass increases
with notable re-distribution of total body fat in both men and
women (33). Taking into account the theoretical relationship
between relative skeletal muscle mass index and the percentage

of total body fat, Baumgartner et al defined normal, obese,
sarcopenic, and sarcopenic-obese subjects, shown on figure 2.
(34) Using data from the New Mexico Aging Study, they found
a relative risk for physical disability among the sarcopenic-
obese as high as 4.12, and for gait impairment as high as 6.36.
Morley, using data of younger adults as a reference population,
defined sarcopenia as values less than Ð2 SD below the sex-
specific mean for relative skeletal muscle mass. In so doing, he
found that sarcopenic-obese individuals were those wi th
sarcopenia and percent body fat greater than sex-specific cut-
off values that correspond approximately to a BMI of 27 kg/m2

(>27% body fat in men and >38% body fat in women) (29).
Blaum et al found a direct relationship between obesity (BMI >
30) and the presence of prefrail and frail older people defined
by FriedÕs criteria (35).

Figure 2
Prevalence of obesity, sarcopenia, and sarcopenic-obesity 

by age

From Baumgartner RN. Ann N Y Acad Sci 2000;904:437-448

In conclusion, Dr Gambassi explored possible mechanisms
leading to frailty highlighting the role of inflammation and
cytokine over-expression (C - reactive protein or IL-6), and the
dysregulation in the HPA axis linking sarcopenia and frailty.
With regard to possible interventions, although none can be
presently proposed, many pathways have been explored:
caloric restriction, endocrine factors [HRT, testosterone, growth
hormone or IGF-I replacement], antioxidants and physical
activity (36).

Nutrition and Cancer

Dr Abellan van Kan based the speech on nutritional factors
and cancer on the rapport of the World Cancer Research Fund
/American Insti tute for Cancer Research. The 130-pages
chapter 4, named Food and Drinks was used for the review
(37). Only the results of statistical significant meta-analyses
were presented.
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The proposals that cancer might be preventable, and that
food, nutrition, physical activity, and body composition might
af fect the risk of  cancer, were f i rst made before science
emerged in its modern form in the 19th and 20th centuries.
Cancer is not an inevitable consequence of ageing, and peopleÕs
susceptibility  to it varies. There is abundant evidence that the
main causes of  patterns of  cancer around the world are
environmental. This means that at least in principle, most
cancer is preventable, though there is still discussion about the
relative importance of various environmental factors. The
estimate of the previous WCRF/AICR Report was that cancer is
30 to 40 per cent preventable over time, by appropriate food
and nutri tion, regular physical  activi ty, and avoidance of
obesity. On a global scale this represents over 3 to 4 million
cases of cancer that can be prevented in these ways, every year.
Between the early 2000s and 2030, the global absolute number
of cancer cases is projected by UN agencies to double, most of
all in the middle- and low-income countries of Africa and Asia.
Some of this increase can be attributed to the general projected
increase in global population; to ageing populations; and to
improved surveillance, detection and, in the case of prostate
cancer, screening and diagnosis.

Evidence on plant foods: Dietary fibre
Foods containing dietary f ibre probably protect against

colorectal cancer; and there is limited evidence suggesting that
such foods protect against oesophageal cancer. Meta-analysis,
possible on 8 studies, gave a summary decreased risk effect
estimate of 0.90 (95% CI 0.84Ð0.97) per 10 g/day increment in
dietary fibre for colorectal cancer. Dietary fibre is found in
plant foods: vegetables, fruits, and pulses (legumes), as well as
in cereals, roots, tubers, and plantains. All these foods are
highest in dietary fibre when in whole or minimally processed
form. Foods high in dietary fibre may have a protective effect
because of being bulky and relatively low in energy density
(role of energy density in weight gain, overweight, and obesity,
and the risk of some cancers, including those of the oesophagus
and colorectal ). Evidence that foods contaminated wi th
aflatoxins are a cause of liver cancer is convincing. Cereals
(grains) and peanuts are the foods most commonly infested by
these fungal toxins. Contamination is most widespread in
countries with hot, damp climates and poor storage facilities.

Evidence on plant foods: Raw vegetables
Raw vegetables are associated wi th decreased risk of

oesophageal cancer. The dose-response meta-analysis, possible
on 5 studies, gave a summary effect estimate of 0.69 (95% CI
0.58Ð0.83) per 50 g/day increment.

Evidence on plant foods: Fruits
Meta-analysis, possible on 7 studies (all of which adjusted

for smoking), gave a summary effect estimate of 0.72 (95% CI
0.59Ð0.87) per 100 g of fruit per day, for decreased risk for
mouth, pharynx, and larynx cancer. The evaluation of the risk
of oesophageal cancer was possible in eight studies. Meta-

analysis gave a summary effect estimate of 0.56 (95% CI
0.42Ð0.74) per 100 g of fruit per day. Lung cancer has also
been assessed in relation to fruit intake. The meta-analysis was
possible on 14 cohort studies, giving a summary effect estimate
of 0.94 (95% CI 0.90Ð0.97) per 80 g of fruit per day. All, but
one of these studies, were adjusted for smoking. 

Evidence on plant foods: Carotenoids 
The relationship between carotenoids and decreased risk of

lung cancer has been wel l  establ ished. Meta-analysis was
possible on 2 studies, giving a summary effect estimate of 0.98
(95% CI 0.96Ð0.99) per 1000 ! g/day. There is also a substantial
amount of consistent evidence available from both cohort and
case-control  studies that foods containing beta-carotene
probably protect against oesophageal cancer.

Evidence on plant foods: Folates
Assessment of food containing folate and risk of colorectal

cancer, after meta-analysis on 4 studies, found a summary
effect estimate of 0.84 (95% CI 0.76Ð0.93) per 100 ! g/day.

Evidence on animal foods: Red meat
Red meat was assessed in relation to colorectal cancer.

Meta-analysis was possible on 7 studies that measured intake in
Ôtimes per weekÕ and 3 that measured grams per day. The
summary effect estimates were 1.43 (95% CI 1.05Ð1.94) per
times/week and 1.29 (95% CI 1.04Ð1.60) per 100 g/day,
respectively. Processed meat was also associated to colorectal
cancer. Meta-analysis was possible on 5 studies, giving a
summary ef fect estimate of  1.21 (95% CI 1.04Ð1.42) per
increase of 50 g/day of read meat.

Evidence on milk and diary products
Several studies, investigated milk related to bladder cancer.

Meta-analysis was possible on 4 studies, giving a summary
effect estimate of 0.82 (95% CI 0.67Ð0.99) per serving/day
suggesting a protective ef fect of  mi lk ingestion. Dietary
calcium and prostate cancer are related. Meta-analysis was
possible on 8 studies, giving a summary effect estimate of 1.27
(95% CI 1.09Ð1.48) per g/day.

Small effects seen in trials and meta-analyses might be of
great importance in epidemiologic interventions. The Panel
concluded to be confident that its findings were soundly based,
and that its recommendations, when translated into effective
public policy programmes and personal choices, will reduce the
risk of cancer.

Nutrition and Cognitive Decline

Proportion of older people is increasing, in the last century
from 1/10 to 1/5 with the fastest growing segment being the
oldest old (>80). In France by 2010 i t is expected that 10
millions persons to be over 60 years with 1.5 millions over 85.
Even more, the prevalence of many diseases increases with age
being the neurodegenerative diseases in between them.
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AlzheimerÕs disease is the most frequent type of dementia and
its prevalence increases exponential ly after 80 years. I t is
proven that shifting this Òcurve to the rightÓ and delaying the
onset of  the disease by 5 years, the prevalence could be
diminished by 50%. Nutritional factors might play a role in
primary and secondary prevention as primary prevention by
nutrition is effective for cardiovascular diseases (CVD) and
diminishing the prevalence of these wil l  probably result in
diminished incident dementia; oxidative stress is part of
physiopathology of AD which in theory could be prevented
with anti-oxidants; and lipids are one of the main constituents
of brains. Even more, optimal nutritional status will prevent
CVD (very frequent in older people) and improve mortality
risk, decrease institutionalisation and functional impairment.
The articles included for this review on nutrition and cognitive
decl ine are performed wi th human population, assessed
cognitive decline, used specific supplementation and designed
as a cohort or RCTs.  

Dietary Lipids
Between all macronutrients, lipids could play an important

role in preventing progression to mild cognitive impairment
(MCI) and AD in part because brain contains lipids in elevated
proportion. Briefly, fatty acids (FA) are classified (taking into
account double links) in saturated (SFA), mono-unsaturated
(MUFA) and poly-unsaturated (PUFA). The n-3 family has
anti-inf lammatory properties, inhibits platelets aggregates,
regulates cardiac frequency, and diminishes vasoconstriction.
The n-6 family favours inflammation and platelets aggregates.
The studies evaluati ng cogni ti ve decl i ne and FA  are
contradictory. Even more in the Rotterdam Study with the first
analyses performed 6 years before the second Kalmijn and
Engelhart found contradictory results. [38, 39] In the Chicago
Health and Aging Project (CHAP), Morris found that older
people with highest intake of SFA had a two-threefold risk of
progression to AD and presented a faster rate of cognitive
decl ine (40, 41). More concordant evidence seems to be
avai l able f rom f i sh i ntake and cogni ti ve decl i ne. Fi ve
longi tudinal  cohorts have found a diminished risk of  AD
associated to higher levels of f ish intake (39, 41-43). As a
conclusion, higher intakes of SFA are associated to an increase
risk of AD and MUFA and PUFA seemed to diminish the risk
of progression to AD. Higher fish intake (rich in n-3 FA) has
been associated to a diminished risk of AD in longitudinal
cohorts. The n-3 FA could protect against cognitive decline by
the mean of  vascular ef fects (l ike the anti -inf lammatory
properties or the inhibition of platelets aggregates) or by direct
neuronal effects.

Homocysteine related vitamins (folate and vitamin B12)
Homocysteine is a precursor of methionine and cysteine.

Folate and vi tamin B12 are needed for the conversion of
homocysteine to methionine and vitamin B6 is needed for the
conversion of homocysteine to cysteine. Homocysteine is

active in brain tissue and possibly contributes to the AD
pathway through vascular mechanisms or as a neurotoxin. The
association between deficits of folate and risk of cognitive
decline or AD needs consistency. As an example, the Baltimore
Longitudinal Study of Aging, found an association between
high folate intakes and reduced risk of AD, not sustained in the
CHAP were such associations was non-significant (44, 45).

In the same line, the relationship between vitamin b12 and
cognitive decl ine or AD is also very heterogeneous. Four
studies found a positive relationship between low plasmatic
levels of B-vitamins and risk of AD, but these results were not
confirmed in the Framingham study even if  high levels of
homocysteine were associated to cognitive decline. Once more,
high levels of homocysteine were not associated to risk of
cognitive decline in the Washington Heights-Inwood Columbia
Aging Project (WHICAP) (46-49). As a conclusion, although
there are inconsistent data from longitudinal  surveys, the
Homocysteine related vitamins could play a protective role in
preventing cognitive decline.

Anti-oxidants
Few longitudinal data are available regarding relationship

between anti -oxidants and cogni tive decl ine. Once more
contradictory results are noticed. Seven studies have assessed
the effect of anti-oxidants, as a dietary component, on cognitive
decline. Five found positive inverse association of vitamin E,
vitamin C and flavonoids with cognitive performance (50-54).
Two studies found no such associations (55, 56). Of the 5
studies that evaluated the ef fect of  anti -oxidants, by
supplementation, and cognitive decline, 4 found a positive
inverse association with vitamin E and C (57-61). Professor
Andrieu concluded that contradictory results probably are due
to methodological limitations (exact dose of supplements to be
effective (or harmful) not known, exact time needed to be
effective is not known, studies were not specifically designed,
and nutrition represents more that just nutritional components
with many confusion factors to be taken into account. Many
interactions between nutrition and lifestyles, education, social
and environmental factors, physical activity, vascular diseases,
smoking habits, without forgetting alcohol habits need to be
assessed. The great variability in between the studies imposes
the need of  large interventional  studies that speci f ical ly
evaluate nutrition and supplements and take into account these
possible interactions. The outcomes, of the present studies,
although variable seem to suggest a preventive role of nutrition
in the domain of AD. AD prevention is multi-factorial and
nutri tion by i tsel f  wi l l  never prevent al l  AD symptoms
(multidomain intervention). Finally, the impact on population
health by nutrition is very important as a small individual effect
might have a major impact at a population level due to high
frequency of exposition to the risk factor.

THE JOURNAL OF NUTRITION, HEALTH & AGING©

The Journal of Nutrition, Health & Aging©
Volume 12, Number 6, 2008

359



Nutrition and Long term Care

Malnutrition is very frequent in long-term care (LTC) and it
is associated with increased mortality, onset of disability and
loss of quality of life. Nowadays it is possible to detect and
treat malnutrition. 

Epidemiology
84% of evaluated residents presented food intakes lower that

expected energy expendi ture and 30% lower than basal
requi rements. Nevertheless onl y 5% had nutri ti onal
supplementation (62). In another study, of 14 Nursing-Homes
(NH) in the Unites States, 30% of the residents consumed less
than 1200 Kcal per day, with 85% of residents presenting
malnutri tion (63). Most studies used the Mini-Nutri tional
Assessment (MNA) to evaluate malnutri ti on f i nding a
prevalence of 5.7% to 36% depending on the settings and
countries. Finally a study performed in all the NH in Helsinki,
30% presented malnutri ti on assessed by MNA, being
malnutrition associated to being female, presenting functional
disabil i ties, longer NH stay, presence of cognitive decline,
swal lowing impai rments and history of  stroke (64). The
consequences of  malnutri tion are devastating wi th worse
functional evolution, loss of activities of daily living (ADL),
worse quality of life and intakes of less than 1378 Kcal per day
has an increased risk of mortality at 6 months (65-66).

Risk factors of malnutrition in LTC
LTC residents are a special subpopulation of older people

with the characteristics of being frequently isolated, over 80
years (oldest old), presenting polypharmacy, multiple
comorbidities, impaired functional performances and a lower
life expectancy. Blaum et al. specifically assessed risk factors
for weight loss and low body mass index (BMI), finding that
insufficient oral intake, eating dependence, swallowing
impairments, presence of pressure ulcers, over 85 years, being
female, bed-ridden, presence of femoral neck fracture, presence
of >2 diseases and presence of depressive symptoms were all
risk factors for malnutrition (67). Corbet et al. found that
dependence on others for eating, leaving more than 25% of the
meal and anxiolytic treatment were predictive factors of weight
loss in NH (68).

Malnutrition red-flags in NH
Unintentional weight loss >5% in 30 days or >10% in 180

days, leave >25% of meals in the last 7 days or leave 2/3 of
meals based upon 2000 Kcal per day and presenting a BMI
<19.

Nutritional Evaluation
The 7-day dietetic questionnaire should be performed for an

optimal evaluation but generally it is too complex and too long
to be used in LTC. The 3-day questionnaire should be sufficient
for correct nutri tional  assessment (69). Anthropometric
measures like height, weight, or BMI (calculated has weight in

ki lograms divided by squared height in meters), should be
performed. Nutritional assessment can also be performed using
the Mini-Nutritional Assessment (MNA), validated for older
people with high reliability, sensibility and specificity (70).
Plasmatic albumin levels have been used to evaluate nutritional
status. The main l imi tation of  using albumin is that i ts
plasmatic levels might be al tered by condi tion such as
inflammation or intravascular dilution due to volume expansion
or being bed-ridden. Values of albumin of less than 2.5 g/dl are
correlated wi th higher ri sk of  adverse outcomes. Other
plasmatic proteins, like prealbumin (transthyretin), transferin,
or retinol binding protein, have been used in clinical settings
other than LTC due to its complexity of sampling.

Nutritional intervention
Nursing care, environmental improvements and systematic

dietary evaluation should always support nutritional
intervention. Sometimes, backup is needed by adding oral
supplementation or medications in order to implement effective
nutritional interventions. Dietary intake should be stimulated by
improvements in food presentation, adapting textures.
Swallowing impairments should be taken into account when
adapting textures, and rehabilitation should be proposed in
order to solve the impairments. Regular adapted physical
exercise should be proposed. Eventually, parenteral feeding or
tube feeding should be discussed when necessary. A Cochrane
systematic review performed in 2005 found that hyper-caloric
oral supplementation reduced mortality [RR 0.74; 95 %CI 0.59-
0.92]. Being the malnourished NH residents, the group that
most benefited from the intervention (71). Oral
supplementation with hyper-caloric and hyper-protein
components might improve nutritional parameters like albumin,
transthyretin, and anthropometric measures, might reduce
comorbidities and complications in specific situations like hip
fracture or presence of dementia. Oral supplementation of
micronutrients and vitamins might improve nutritional status
and correct deficiencies. Vitamin D deficiency is the most
common deficiency observed in NH residents and
supplementation should be considered systematically. Tube
feeding should be considered when a person cannot meet his
dietary requirements orally. Percutaneous endoscopic
gastrostomy (PEG) is the preferred method when long-term
feeding is needed. Poor nutritional status is not the only
criterion to take into account when considering the introduction
of tube feeding. Many institutionalised individuals have severe
and progressive conditions especially neurodegenerative
disorders with severe disability, in which no benefit on survival
has been demonstrated by tube feeding. Indeed, there is
insufficient evidence of overall benefit from RCTs in
malnourished older people generally or in the specific
conditions like hip fracture or pressure ulcer healing. Even
more, no benefit on quality of life has been consistently shown.
There are no RCTs on the use of enteral nutrition in demented
persons (72). Orexigenic drugs could be considered in the cases
of resistant anorexia. Megestrol acetate could improve quality
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of life and increase weight in anorexic older people (73-75). 

Nutrition in osteoporosis, the key role of proteins

Osteoporosis (OP) is a disease characterized by low bone
mass and microarchitectural deterioration of bone tissue,
leading to enhanced bone fragility and a consequent increase in
fracture risk (76). The main osteoporotic fracture sites are the
forearm, vertebrae and proximal femur. To establish diagnosis
of OP, bone mineral density (BMD) should be measured using
Dual X-ray Absortiometry (DXA). The relationship between
BMD and increased risk of osteoporotic fractures has been well
established in more than 20 longitudinal studies. A decrease of
1 SD in BMD is associated with double increase in fracture
risk. Although this relationship is found no matter which
diagnostic tools is used, it is nowadays widely recognized that
DXA is the best tool to predict future fracture risk. As the
population is aging, the incidence of hip fractures is expected to
double worldwide by 2025 with nearly 3 million hip fractures
per year (77). In RCTs, bisphosponates, hormone replacement
therapy (HRT), and Strontium ranelate have proven to reduce
incidence in vertebral and non-vertebral fractures including hip
fractures (78). After results from the Women’s Health Initiative
RCT in 2002, the use of HRT has been drastically reduced,
being its use for long-term OP treatment nowadays not
recommended (79, 80). Many reasons have been proposed for
the relationship between BMD and nutrition. Low peak BMD
might be due to genetic predisposal, but also because of poor
diet (in calcium, vitamin D or proteins), physical inactivity or
diseases during childhood. Low BMD is also related to early
menopause (surgery, pituitary tumour, anorexia or intense
physical activity in young woman). Postmenopausal bone loss
is accelerated by poor nutrition. Finally in old age, accelerated
bone loss is influenced by malnutrition, presence of diseases
and comorbidities and bone influencing drugs. BMI was
evaluated as predictor of fracture risk in a meta-analysis in
2005 of 12 prospective studies with a total of 60.000 persons
included (81). The highest BMI was associated with the lowest
incidence of fractures. When compared with a BMI of 25, a
BMI of 20 was associated with a nearly twofold increase in risk
ratio (RR=1.95; 95% CI, 1.71-2.22) for hip fracture (81). In
contrast, a BMI of 30, when compared with a BMI of 25, was
associated with a modest 17% reduction in hip fracture risk
(RR=0.83; 95% CI, 0.69-0.99) (81). Nutritional benefits on the
risk of femoral neck fractures has been assessed by many
authors concluding that the augmentation of fracture risk is
related on one hand to diminished BMD (due to diminished
bone formation and elevated bone resorption associated to
malnutrition) and on the other hand an impairment in balance,
neuromuscular functions and muscle mass also due to
malnutrition which will increase risk of falls and therefore
fracture risk (82-84). Specifically, vitamin D and calcium
deficiencies will augment PTH and increase bone resorption.
Diminished protein intake will decrease insulin-like growth
factor-1 (IGF-1) that reduces bone formation. In addition,

insufficient protein intake can also stimulate the production of
inflammatory cytokines such as TNF-alpha, an enhancer of
bone resorption. This dual detrimental effect of low protein
intake leads to bone loss and increased risk of osteoporotic
fractures. Schürch et al. after oral protein supplementation in 82
elderly patients with recent femoral neck fracture concluded
that protein repletion was associated with increased serum
levels of IGF-1, plasma albumin and prealbumin, plasma IgM,
and muscle strength, attenuation of proximal femur bone loss,
and shorter stay in rehabilitation hospitals (85).

In agreement with both experimental and clinical
intervention studies, large prospective epidemiologic
observations indicate that relatively high protein intakes,
including those from animal sources are associated with
increased bone mineral mass and reduced incidence of
osteoporotic fractures (86, 87). As to the increased calciuria
that can be observed in response to an augmentation in either
animal or vegetal proteins it can be explained by a stimulation
of the intestinal calcium absorption (88). In fact, low protein
diet is associated with decreased intestinal calcium absorption
and an elevation in the circulating level of parathyroid hormone
(88). The hypothesis that animal protein would increase bone
resorption and this by lowering blood pH is not quantitatively
substantiated by experimental and clinical evidence as
discussed in details in a recent review (89).

Obesity in the elderly

Obesity should be defined as the amount of excess fat
storage associated with elevated health risk. In adults a body
mass index (BMI) over 30 kg/m² is associated with an increase
in mortality rate. An important issue is that with advancing age,
there is a cumulative height loss of 3 cm for men and 5 cm for
women (from ages of 30 to 70) and 5 cm for men and 8 cm for
women (over 80 years). This height modification induces a
false BMI increase of 1.5 kg/m² in men and 2.5 kg/m² in
women. Even more, as shown by Kyle et al. fat free mass
(FFM) decreases with advancing age with a relative increase of
fat mass (90, 91). The main issue of obesity is its relationship
with health risk (with BMI associated to a 20% increase in all
cause mortality), but no clear-cut relationship between mild to
moderate overweight and mortality in those 65 and above is
proven and cardiovascular fitness may be a better protector
against cardiovascular events and death than being lean.
Nowadays it is considered that weight stability is the best
parameter when evaluating obesity related health risks. Weight
loss even modest in thin people and weight gain (even in fat
people) influences CHD, CV events and mortality. The
metabolic syndrome, of which obesity is part, needs special
consideration. As shown by Janssen et al. BMI adjusted for
waist circumference is no longer predictive of the metabolic
syndrome, so that BMI by itself should not be used as an item
to evaluate the metabolic syndrome (92). The syndrome, which
increases in prevalence with age, also associates specific health
risks. The risk of cardiovascular events is increased by visceral
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fat, to the same extent as it is in adults, diabetes risk is
multiplied by 2 (5-11% British Women Heart Health Study),
there is an associated increase of incidence in cognitive
impairment and onset of disability, and finally, visceral fat is
associated with inflammation (pro-inflammatory-cytokines)
and specific hormone impairments that affect energy and
nutrient balance. As shown by Visser et al. high fat mass (but
not low fat free mass) was associated with self-reported
disability with OR as high as 2.94 (95% CI, 2.27-3.82) for the
highest quintile (93). Sarcopenic obese elderly as defined by
Baumgartner have an increased risk in disability with OR of
2.63 (95% CI, 1.19-5.85) (94). Increased waist circumference
has also been shown to be predictive of disability. Houston in a
longitudinal cohort of 9416 persons showed that in women the
odds ratios (95% CI) associated with a one standard deviation
(SD) increment in waist circumference (13.3 cm) for severe
functional limitations and ADL and IADL impairment were
2.66 (2.39-2.96), 1.60 (1.47-1.74), and 1.42 (1.31-1.53)
respectively. After exposing the health related risks to obesity
in older people, the existence of a proven benefit of weight loss
needs to be evaluated (95). Villareal et al. have shown in a RCT
performed with 27 frail obese older volunteers that intensive
weight loss improved functional performance and functional
status (96). It was also proven that modest weight loss
improved glycaemia, and blood pressure in obese older people.
Exercise training appeared to be an efficient weight losing
strategy in older people that combined: improvement of
cardiovascular risk factors, reduced total and intra-abdominal
fat, increased muscle strength and endurance, improved
cardiovascular performance, reduced insulin resistance, and
improves feeling of well-being. However, weight loss in older
people has also been associated to adverse outcomes like
fracture risk or loss of lean mass. As shown by Ensrud et al.
older women who experienced weight loss in later years had
increased rates of hip-bone loss and a two-fold greater risk of
subsequent hip fracture. These findings indicated that even
voluntary weight loss in overweight elderly women increased
hip fracture risk (97). Newman et al. evaluated weight loss in
the Cardiovascular Health study (longitudinal observational
cohort of 4714 community-dwelling older adults, age 65 and
older), finding that weight loss of 5% or more was associated
with an increased risk of mortality (Hazard ratio = 1.67, 95%
CI; 1.29-2.15) and was similar in those with no serious illness
in the period of weight change. Even modest decline in body
weight is an important and independent marker of risk of
mortality in older adults (98). Dr Ritz proposes future
challenges for research in obese elderly like the re-assessment
of the definition of obesity in the elderly, as the changes in
body composition affect health, functional, and cognitive status
and re-evaluate benefit-risk assessment of voluntary weight loss
in the elderly.

Undernutrition, cachexia and anorexia

Undernutrition (defined as an imbalance between intake and
expenditure) might be divided in starvation or wasting

(insufficient nutritional intake due to neglect, stroke or
dementia) with a decreased fat mass (FM) and to lesser extend
decreased fat free mass (FFM, i.e. sarcopenia) and treatable by
nutrition; and cachexia that is disease related and cytokine
driven of for example cardiac, pulmonary, or rheumatoid
origin, with mainly decreased FFM, i.e. sarcopenia, not
treatable by nutrition alone.

Cachexia, defined as disease related catabolism, is mediated
by chronic low-active inflammation, namely increased TNF,
IL-1 and IL-6 that induces weight loss and FFM loss (98).
Many patho-physiological pathways are proposed for the
relationship between inflammation and weight loss like
increased leptin expression, insulin resistance or changes in
lipoprotein lipase activity, all with a common final pathway of
anorexia, lipolysis (inducing decreased FM) and proteolysis
(inducing decreased FFM). Sarcopenia may also be cytokine
mediated with TNF-α and IL-1 inducing proteolysis. The early
position paper of Roubenhoff et al. defined the actual
terminology of cachexia, wasting and sarcopenia. One of the
main issues remains, i.e. that the three syndromes are
overlapping syndromes as proposed by Thomas DR (see figure
3). Many symptoms are shared by them making clear
definitions extremely difficult (99, 100). The treatment of
cachexia lies upon three main pillars: nutrition and exercise,
reduction of inflammation and catabolism and finally anabolic
agents.

Figure 3
Causes of body weight loss

Adapted from Thomas DR. Clin Nutr 2007;26:389-399

Nutrition and exercise: Fearon et al. showed (in post hoc
analyses) positive effects on weight and FFM of n-3 fatty acids
supplementation in cancer cachexia (101). The OmegAD study
also showed a positive effect on weight of n-3 fatty acids in 174
AD patients (102). Fiatarone et al. showed that resistance
training in frail older people is an effective measure to
counteract muscle weakness and physical frailty improving gait
speed and stair climbing power (103).
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Anti-inflammatory drugs: one of the main drugs tested is
megestrol acetate. A Cochrane meta-analysis has shown that
megestrol acetate reduced anorexia and induces weight gain in
cancer patients, although many side effects have been noted.
Evans highlighted that megestrol acetate had antiandrogenic
effects and increased only FM with no effect on FFM (104,
105). ACEi (captopril) has shown to reduce weight loss in
cardiac cachexia and cronic heart failure, probably due to anti-
inflammatory properties reducing IL-1 mRNA expression (106,
107).
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