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Introduction

This report is based on an expert meeting held at the
Domaine du Carla in Castres (France) in November 2007.
Expertswereaskedto reviewselectedopics,all concerninghe
role of Nutrition in Cancer and Aging. The meeting, named
Carla Workshop, sponsored by Pierre Fabre Labs, brought
togetherl4 expertsin thefield of nutrition. This article contains
a report of each of the speeches given by the experts.

The meetingwasopenedby Dr. de Grootwho presentedher
view on successfulgingfocusingon nutrition andfunctioning
at an old age. Elements like cognition, bone health, anorexia
andsarcopeniaverediscusse@simportantissuesfor a healthy
aging processDr. Gambassiiscussedhe difficulties and the
discrepancies around an operational definition of frailty and
highlighted the possible interplay with sarcopenia finally
proposing possible interventions to prevent both frailty and
sarcopenia. Dr. Abellan van Kan gave a speech on Nutrition
andCancerusingdataderivedfrom the World CancerResearch
Fund / American Institute for Cancer Research rapport on
Food, Nutrition, Physical Activity, and the Prevention of
Cancer.He reviewedsystematicallyall the availableevidence
linking food nutrients and cancer. Dr. Cederholm has
convincingly illustrated the substantial differences between
undernutrition, cachexia and anorexia and proposed
interventionsto contrastcachexiaDr. Andrieu highlightedthe
recentresearcHindings abouta possiblerole of nutritionin the
prevention of cognitive decline. Nutritional components like
antioxidantsfatty acids,or homocysteingelatedvitaminswere
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
highlightedbenefitsandrisks of weightloss.Finally, Dr. Salv”
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reviewed nutritional issues of the residents of long term
facilities, focusing on the high prevalence of undernutrition.

Each presentation was followed by a vivid discussion
coordinatedby Dr. Vellas and Dr. Sinclair, who alsooffereda
closing statement.

Nutrition and Successful Aging

Healthy aging, but also active aging are both part of
SuccessfulAging which is neededn orderto embracequality
of life aspeopleage.SuccessfuAging is influencedby many
factors (endogenous and exogenous), whereby nutritional
factorsbasbeing modifiable- may play an importantrole. The
mainfindingsin the Senecatudy,asshownby Haveman-Nies
et al and Knoops et al, were that persons who adhered to 4
healthfullifestyle factors(consuminga high quality diet, being
physically active, drinking alcohol in moderation and non-
smoking) in comparison to those with 0 or 1 factor had 65%
lessmortality rate during the 10 yearsof follow-up andlived 2
+ 0.3 years longer (1, 2). The nutritional issues found in the
Seneca Study were that nutritional quality established
differencedn mortality ashigh as25%in betweenrthe different
populations, the discovery of a prevalence of vitamin B12
deficiencyof 25% and vitamin D deficiencyof 40%, and that
nutrition deficits was found to be associated with worse
functioning (3). Recent epidemiological studies on older
people, searched links between nutrition and the prevention
osteoporosis(4, 5) preventionof AlzheimerDiseasg(AD), (6,
7) presencef vitamin D deficienciesandmuscleweakness(8)
finding 4 main nutritional-influenced domains that could alter
active aging by declining functional autonomy and increasing
dependencyn care.The domainsidentified werethe presence
of osteqgporosis, preence of cognitive decline and depression,
the presence of anorexia of aging, and the presence of
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sarcopenia. Bischoff-Ferrari performed a meta-analysis on 3
RCT finding a reduction in hip fracture with vitamin D
supplementation (9). A reduction of risk fracture of 17% and
18% wasfound with vitamin D supplementatiotry Boonenet
al andCranneyet al respectively(10, 11). Evenmorevitamin B
group deficiencies and elevated plasmatic levels of
homocysteinemiaverefoundto be associatedvith fracturerisk
by van Meurs et a and McLean et a. (12,13). Vitamin B12
deficiencieswere associatedvith a 2-4 increasedracturerisk,
probable related to proliferative properties of the vitamin B
group (osteoblast differentiation, collagen cross-links, DNA
methylation)(14). Supplementatiof B group vitamins (folic
acid and vitamin B12) were found usefulin reducingfracture
risk as shown by Sato et al. (15).

Cognition

Therisk factorsfor cognitive declineandprogressiorto AD
are not well understood up to date. Nutrition, based upon
epidemiological data, might play an important role in
preventing cognitive decline (16). These epidemiological data
arecontroversiaandmanytimescontradictoryprobablydueto
methodological issues like study duration, endpoints, or
patientsO response to supplementation (17, 18).

Anorexia of aging

As stated by Morley, anorexia can be defined as the
physiological decrease in food intake occurring to
counterbalance reduced physical activity and lower metabolic
rate,not compensateth thelong term (19). Satiationmediated
by cholecystokinine (CCK) is increased while appetite
mediatedby ghrelin is decreasednd the regulationof energy
intake is impaired (20, 21). This leadsto a high prevalencen
malnutritionin manysettings finding that 25% of older people
in acutecare,20%in homecareand50%in long-termcareare
undernourished. Cachexia, anorexia and sarcopenia are
overlapping syndromes of malnutrition with specific
interventionto be reversible.Trials shouldinclude evaluations
on drinks, capsulestasteenhancers&indenvironmentincluding
outcomes like performance cognition and bone health.

Sarcopenia

Many recentstudiesstartto evaluatesarcopenidaking into
account muscle mass, body composition, and quality and
function of muscles.

The challengefor the future asdefinedby Dangouret al. is
that the time hascometo define preventivestrategieot only
to avoid prematuredeathshbut alsoto preserveunctionin 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 definedasa stateof high vulnerability for adverse

health outcomes, including falls, hospitalization, physical
disability, and mortality. According to the American Medical
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Association,about40% of personsaged80 yearsandolderare
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 a, validated in the
Cardiovascular Health Study. In such a definition, frailty has
shownto be predictorof physicaldisability, hospitalizatiorand
mortality (24). The frailty syndrome, as proposed by Fried,
consistsof 5 componentshownin figure 1. Thereare 3 lean
loss conditions: Wasting thatis 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
alteredmetabolismandelevatedcytokines;and Sarcopeniathe
age-associated loss of muscle (25). Sarcopenia (from sarco =
fleshandpenia= lack of) is anage-relatedossof musclemass
and strengthwhich doesnot requirenecessarilya loss of body
weight and is rather frequently associated with obesity
(sarcopenimbesity).Sarcopenidhasbeenincreasinglyusedto
describe both the process of age-related muscle loss and the
clinical conditionof havinglow levelsof musclemass Skeletal
muscle mass decreases with age, presenting at old age a
progressive fat infiltration (seen with MR imaging or CT
scanning) that is not present in muscles of young individuas
(25, 26). Fronteraet al. found decreasindongitudinal changes
in muscle cross-sectional area (in cm2), muscle strength (in
Nm) and muscle fibre type in older men after 12 years of
follow-up in all musclesconsidered27). Thesefindings were
corroboratedoy Crieg et al. who found decreasednusclesize
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 activity,
increasedarteriosclerosisand increaseccytokine activity (29).
Although sarcopenia is a diagnosis than can easily be made,
one major issue is how to measure it 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
FriedOs frailty criteria

Weight loss B Unintentional, >4.5 kg in the past year

Exhaustion B From the CES-D scale

Physical inactivity B From the Minnesota Leisure Time Activity (MLTA) scale
Low walking speed B Worst gender- and height-specific quintile on 4-m walk tgs
Low hand grip strength B Worst gender- and BMI-specific quintile on hand grip
strength test

apwNPE

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

Thesecontinuousmeasurehoweverdo not clearly identify
cut-off pointsthat canhelp distinguishbetweermormalmuscle
massand sarcopeniaAll of the studieshave usedspecifically
identified rigid cut-off points based on tertiles or quartiles
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distributions. In order to overcome such limitation,
Baumgartner has proposed an alternative approach. In his
definition, sarcopenia is a skeletal muscle mass lower than 2
Standard Deviations below the sex-specific mean from a
healthy young population

As shownby Newmanet al andJanssert al, the prevalence
of sarcopeniahangesubstantiallydependingn the definition
of sarcopeniadopted(30, 31). Leanmassdecreasewith age,
similarly musclepower decreasesBaumgartneret al and later
Jansseret al found a clearrelationshipbetweensarcopeniand
disability with arelativerisk ashigh as4.6for menand3.15for
women with severe sarcopenia, with increasing health care
costs (31, 32).

Sarcopenias a majorcomponenof frailty butthereciprocal
interplay is yet to be fully understood and characterised. Dr
Gambassi illustrated a study investigating the relationship
betweerthefrailty syndromeandmuscleandfat measureén a
large sample of community-dwelling older persons (108).
Given the demonstrated relationships of inflammation with
frailty and body composition,the study also exploredwhether
inflammation could be a mediatorof the relationshipbetween
changes in body composition and frailty. The mean age of
participantswvas 74 yearsandthey were predominantlywomen
(56%) and moderately overweight (BMI 27 kg/m?2). Based on
the Fried@® criteria, 8.8% of the individual has a diagnosis of
frailty. Low walking speed(22.4%)andlow handgripstrength
(20.0%)werethetwo mostprevalenttomponentsA significant
trendin the reductionof muscledensityand musclemasswas
foundin the frail groupcomparedo the intermediateandnon-
frail group. The fat arearatio was higherin participantswith
intermediate frailty (22.1%) and frailty (22.0%) compared to
those with no frailty (20.3%). Unadjusted analyses (from
logistic regression models) showed a significant association
between muscle density and low grip strength, physical
inactivity and low walking speed. However, in the adjusted
model, only low physical activity and low walking speed
retaineda statisticallysignificantassociationMost specifically,
each standard deviation reduction in muscle density
(3.6 mg/cm3) was associated with a 26% higher likelihood of
being sedentary and 35% higher likelihood of having a low
walking speedTheseresultswerenot significantly modified by
adjusting for inflammatory markers. Unadjusted analyses
showed a significant 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 inflammationas potentialconfounder Finally, the
unadjusted analyses showed an association between fat area
ratio and physical inactivity which remained statistically
significant even in the fully adjusted models.

Sarcopenia and frailty 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

of total body fat, Baumgartner et al defined normal, obese,
sarcopenicand sarcopenic-obessubjects,shownon figure 2.
(34) Using datafrom the New Mexico Aging Study,theyfound
a relative risk for physical disability among the sarcopenic-
obeseashigh as4.12,andfor gaitimpairmentashigh as6.36.
Morley, usingdataof youngeradultsasa referencepopulation,
defined sarcopenia as values less than £2 SD below the sex-
specificmeanfor relativeskeletalmusclemass.In sodoing, he
found that sarcopenic-obese individuals were those with
sarcopenia and percent body fat greater than sex-specific cut-
off valuesthatcorrespondapproximatelyto a BMI of 27 kg/m?2
(>27% body fat in men and >38% body fat in women) (29).
Blaum et al found a directrelationshipbetweerobesity(BMI >
30) andthe presenceof prefrail andfrail older peopledefined
by FriedOs criteria (35).

Figure 2
Prevalence of obesity, sarcopenia, and sarcopenic-obesity
by age
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In conclusion, Dr Gambassi explored possible mechanisms
leading to frailty highlighting the role of inflammation and
cytokineover-expressioliC - reactiveproteinor IL-6), andthe
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:
caloricrestriction,endocrindactors[HRT, testosteronegrowth
hormone or IGF-I replacement], antioxidants and physical
activity (36).

Nutrition and Cancer

Dr Abellan van Kan basedthe speechon nutritional factors
and canceron the rapportof the World CancerResearchund

/American Institute 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

betweerrelativeskeletalmusclemassindexandthe percentage Were presented.
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The proposals that cancer might be preventable, and that
food, nutrition, physicalactivity, and body compositionmight
affect the risk of cancer, were first made before science
emerged in its modern form in the 19th and 20th centuries.
Canceiis notaninevitableconsequencef ageing,andpeopleOs
susceqtibility to it varies Thereis abundart eviderce that the
main causes of patterns of cancer around the world are
environmental. This means that at least in principle, most
canceris preventablethoughthereis still discussioraboutthe
relative importance of various environmental factors. The
estimateof the previousWCRF/AICR Reportwasthatcancelis
30 to 40 per cent preventable over time, by appropriate food
and nutrition, regular physical activity, and avoidance of
obesity. On a global scale this represents over 3 to 4 million
casef cancerthatcanbe preventedn theseways,everyyear.
Betweenthe early 2000sand 2030, the global absolutenumber
of cancercasess projectedby UN agenciego double,mostof
all in the middle-andlow-incomecountriesof Africa andAsia.
Someof this increasecanbe attributedto the generalprojected
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 fibre probably protect against
colorectalcancer;andthereis limited evidencesuggestinghat
such foods protect against oesophageal cancer. Meta-analysis,
possible on 8 studies, gave a summary decreased risk effect
estimateof 0.90(95% CI 0.84D0.97per 10 g/dayincrementin
dietary fibre for colorectal cancer. Dietary fibre is found in
plantfoods:vegetablesfruits, andpulses(legumes)aswell as
in cereals, roots, tubers, and plantains. All these foods are
highestin dietaryfibre whenin whole or minimally processed
form. Foodshigh in dietaryfibre may havea protectiveeffect
because of being bulky and relatively low in energy density
(role of energydensityin weightgain, overweight,andobesity,
andtherisk of somecancersincludingthoseof the oesophagus
and colorectal). Evidence that foods contaminated with
aflatoxins are a cause of liver cancer is convincing. Cereals
(grains)and peanutsare the foods mostcommonlyinfestedby
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 with decreased risk of
oesophageatancer.The dose-responsmeta-analysispossible
on 5 studies,gavea summaryeffect estimateof 0.69 (95% CI
0.58D0.83) per 50 g/day increment.

Evidence on plant foods: Fruits

Meta-analysis, possible on 7 studies (all of which adjusted
for smoking),gavea summaryeffect estimateof 0.72(95% CI
0.5980.87) per 100 g of fruit per day, for decreased risk for
mouth, pharynx,and larynx cancer.The evaluationof the risk
of oesophageal cancer was possible in eight studies. Meta-
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analysis gave a summary effect estimate of 0.56 (95% CI

0.42E0.74) per 100 g of fruit per day. Lung cancer has also

beenassesseth relationto fruit intake. The meta-analysisvas
possibleon 14 cohortstudies giving a summaryeffectestimate
of 0.94(95% CI 0.90D0.97per 80 g of fruit perday. All, but
one of these studies, were adjusted for smoking.

Evidence on plant foods: Carotenoids

The relationshipbetweencarotenoidsand decreasedisk of
lung cancer has been well established. Meta-analysis was
possibleon 2 studies giving a summaryeffect estimateof 0.98
(95%CI 0.96D0.99per1000! g/day.Thereis alsoa substantial
amountof consistentvidenceavailablefrom both cohortand
case-control studies that foods containing beta-carotene
probably protect against oesophageal cancer.

Evidence on plant foods: Folates

Assessmentf food containingfolate andrisk of colorectal
cancer, after meta-analysis on 4 studies, found a summary
effect estimate of 0.84 (95% CI 0.76D0.93) per!igday.

Evidence on animal foods: Red meat

Red meat was assessed in relation to colorectal cancer.
Meta-analysisvaspossibleon 7 studiesthatmeasuredntakein
Gimes per weekOand 3 that measured grams per day. The
summary effect estimates were 1.43 (95% CI 1.05P1.94) per
times/week and 1.29 (95% CI 1.04P1.60) per 100 g/day,
respectively Processedneatwas also associatedo colorectal
cancer. Meta-analysis was possible on 5 studies, giving a
summary effect estimate of 1.21 (95% CI 1.04D1.42) per
increase of 50 g/day of read meat.

Evidence on milk and diary products

Severalstudies,investigatedmilk relatedto bladdercancer.
Meta-analysis was possible on 4 studies, giving a summary
effect estimate of 0.82 (95% CI 0.6780.99) per serving/day
suggesting a protective effect of milk ingestion. Dietary
calcium and prostate cancer are related. Meta-analysis was
possibleon 8 studies giving a summaryeffect estimateof 1.27
(95% CI 1.09D1.48) per g/day.

Small effects seen in trials and meta-analyses might be of
great importance in epidemiologic interventions. The Panel
concludedo be confidentthatits findings were soundlybased,
and that its recommendations, when translated into effective
public policy programmesndpersonakthoiceswill reducethe
risk of cancer.

Nutrition and Cognitive Decline

Proportionof older peopleis increasing,n the last century
from 1/10 to 1/5 with the fastest growing segment being the
oldest old (>80). In France by 2010 it is expected that 10
millions persongo be over 60 yearswith 1.5 millions over 85.
Evenmore,the prevalenceof manydisease@creasesvith age
being the neurodegenerative diseases in between them.
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AlzheimerOsliseasds the mostfrequenttype of dementiaand
its prevalence increases exponentially after 80 years. It is

proventhat shifting this Ocurveto the rightOand delayingthe
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 will 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 articlesincludedfor this review on nutrition and cognitive
decline are performed with human population, assessed

cognitive decline,usedspecific supplementatiorand 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) andAD in partbecausérain containslipids 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-inflammatory properties, inhibits platelets aggregates,
regulates cardiac frequency, and diminishes vasoconstriction.

The n-6 family favoursinflammationand plateletsaggregates.

The studies evaluating cognitive decline and FA are

contradictory. Evenmorein the RotterdamStudywith the first

analyses performed 6 years before the second Kalmijn and

Engelhartfound contradictoryresults.[38, 39] In the Chicago
Health and Aging Project (CHAP), Morris found that older

peoplewith highestintake of SFA had a two-threefoldrisk of

progression to AD and presented a faster rate of cognitive

decline (40, 41). More concordant evidence seems to be

available from fish intake and cognitive decline. Five

longitudinal cohorts have found a diminished risk of AD

associated to higher levels of fish intake (39, 41-43). As a
conclusion higherintakesof SFA areassociatedo anincrease
risk of AD andMUFA and PUFA seemedo diminish the risk

of progressiorto 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 protectagainstcognitive declineby

the mean of vascular effects (like the anti-inflammatory

propertiesor the inhibition of plateletsaggregatespr by direct
neuronal effects.

Homocysteine related vitamins (folate and vitamin B12)

Homocysteine is a precursor of methionine and cysteine.
Folate and vitamin B12 are needed for the conversion of
homocysteindo methionineand vitamin B6 is neededfor the
conversion of homocysteine to cysteine. Homocysteine is

active in brain tissue and possibly contributes to the AD
pathwaythroughvascularmechanism®r asa neurotoxin.The
association between deficits of folate and risk of cognitive
declineor AD needsconsistencyAs anexamplethe Baltimore
Longitudinal Study of Aging, found an association between
high folate intakesandreducedisk of AD, not sustainedn the
CHAP were such associations was non-significant (44, 45).

In the sameline, the relationshipbetweenvitamin b12 and
cognitive decline or AD is also very heterogeneous. Four
studies found a positive relationship between low plasmatic
levelsof B-vitaminsandrisk of AD, but theseresultswerenot
confirmed in the Framingham study even if high levels of
homocysteinevereassociatedo cognitivedecline.Oncemore,
high levels of homocysteine were not associated to risk of
cognitivedeclinein the WashingtonHeights-InwoodColumbia
Aging Project (WHICAP) (46-49). As a conclusion, although
there are inconsistent data from longitudinal surveys, the
Homocysteinerelatedvitamins could play a protectiverole in
preventing cognitive decline.

Anti-oxidants

Few longitudinal data are available regarding relationship
between anti-oxidants and cognitive decline. Once more
contradictory results are noticed. Seven studies have assessed
the effectof anti-oxidantsasa dietarycomponentpn cognitive
decline. Five found positive inverse association of vitamin E,
vitamin C and flavonoidswith cognitive performancg50-54).
Two studies found no such associations (55, 56). Of the 5
studies that evaluated the effect of anti-oxidants, by
supplementation, and cognitive decline, 4 found a positive
inverse association with vitamin E and C (57-61). Professor
Andrieu concludedthat contradictoryresultsprobablyare due
to methodologicalimitations (exactdoseof supplements$o be
effective (or harmful) not known, exact time needed to be
effectiveis not known, studieswere 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 environmentafactors, physicalactivity, vasculardiseases,
smoking habits, without forgetting alcohol habits need to be
assessedrl he greatvariability in betweenthe studiesimposes
the need of large interventional studies that specifically
evaluatenutrition and supplementandtakeinto accountthese
possible interactions. The outcomes, of the present studies,
althoughvariableseemto suggest preventiverole of nutrition
in the domain of AD. AD prevention is multi-factorial and
nutrition by itself will never prevent all AD symptoms
(multidomain intervention). Finally, the impact on population
healthby nutrition is very importantasa smallindividual effect
might have a major impact at a population level due to high
frequency of exposition to the risk factor.
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Nutrition and Long term Care

Malnutrition is very frequentin long-termcare(LTC) andit
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 evaluatedesidentpresentedood intakeslower that
expected energy expenditure and 30% lower than basal
requirements. Nevertheless only 5% had nutritional
supplemertation (62). In another study, of 14 Nursing-Homes
(NH) in the Unites States,30% of the residentsconsumedess
than 1200 Kcal per day, with 85% of residents presenting
malnutrition (63). Most studies used the Mini-Nutritional
Assessment (MNA) to evaluate malnutrition finding a
prevalence of 5.7% to 36% depending on the settings and
countries.Finally a study performedin all the NH in Helsinki,
30% presented malnutrition assessed by MNA, being
malnutrition associated to being female, presenting functional
disabilities, longer NH stay, presence of cognitive decline,
swallowing impairments and history of stroke (64). The
consequences of malnutrition are devastating with worse
functional evolution, loss of activities of daily living (ADL),
worsequality of life andintakesof lessthan1378Kcal perday
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

Unintentionalweight loss >5% in 30 daysor >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-daydietetic questionnaireshouldbe performedfor an
optimal evaluationbut generallyit is too complexandtoo long
to beusedin LTC. The 3-dayquestionnaireshouldbe sufficient
for correct nutritional assessment (69). Anthropometric
measuresike height,weight, or BMI (calculatechasweightin
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kilograms divided by squared height in meters), should be
performed.Nutritional assessmertdanalsobe performedusing
the Mini-Nutritional Assessment (MNA), validated for older

people with high reliability, sensibility and specificity (70).

Plasmaticalbuminlevelshavebeenusedto evaluatenutritional
status. The main limitation of using albumin is that its
plasmatic levels might be altered by condition such as
inflammationor intravasculadilution dueto volumeexpansion
or beingbed-riddenValuesof albuminof lessthan2.5g/dl are
correlated with higher risk 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% ClI, 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. Schiirch 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/m? 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/m? in men and 2.5 kg/m? 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
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(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-a 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

Starvation :
Cachexia :

Protein deficiency
Conserve lean body mass
Deplete fat mass

Cytokine mediated
Inflammatory disease

Sarcopenia:

Deplete lean body mass
weight may not change
Mediated by testosterone,
growth hormone, IGI-1
and inactivity

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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