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Aging of the population worldwide and increase of 
disability prevalence

Baby-boomers 80y and over
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Co-occurrence des syndromes gériatriques

Frailty

Depression

Loneliness

Incontinence

Disability

Dementia

Thinness

Sensory Dis.

Polypharmacy
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Falls
No Geriatric S.

Tabue Teguo et al. J Gerontol 2017 (update H. Pellay)

Physico-cognitive

Psycho-social
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Intérêt pour la fragilité dans la communauté 
scientifique

Search term: FRAILTY

4



06 /11/ 2018 – C. Féart

Concept de fragilité

• Lack of adaptation, no compensation, to environmental changes over time

• At an integrative level: from cells to organism

Successful aging Frailty
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Conséquences de la fragilité

Pel-Littel et al., J Nutr Health Aging, 2011

Sarcopenia

Diminished Bone
Mineral Density

Aging of body 
systems

Age 

ADL 
Mobility 

Nutrition 

Unstable Reserve capacity 

Dependence Quality of life 

Morbidity  Mortality 

Institutionnalization

FRAILTY
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Sarcopénie : substratum physiologique
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Index pour identifier la fragilité
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Prévalence de la fragilité en population âgée
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Fragilité : phénotype proposé par Fried

Fried et al. J Gerontol, 2001
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Fragilité : phénotype proposé par Fried

- Weight loss> 4.5 kg/ y
- 5% of the weight the y 

n-1
- BMI < 21 kg/m²

→ Unintentional weight loss

→Weakness (grip strength)

→Slowness

→Fatigue/Exhaustion

→Low physical activity



1206 /11/ 2018 – C. Féart

Fragilité : phénotype proposé par Fried

- Dynamometer
JAMAR (based on sex
+ BMI quartiles)
- Chair stand test

→ Unintentional weight loss

→Weakness (grip strength)

→Slowness

→Fatigue/Exhaustion

→Low physical activity
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Fragilité : phénotype proposé par Fried

- 4m, stratified on sex and
height

- Threshold: 6 - 7 sec

→ Unintentional weight loss

→Weakness (grip strength)

→Slowness

→Fatigue/Exhaustion

→Low physical activity
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Fragilité : phénotype proposé par Fried

- CES-D scale: 
“I felt that anything I did was a 
big effort” 
“I felt that I could not keep on 

doing things” 
at least 3 to 4 days a week

→ Unintentional weight loss

→Weakness (grip strength)

→Slowness

→Fatigue

→Low physical activity
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Fragilité : phénotype proposé par Fried

<383 kcal / sem♂ ; 
<270 kcal / sem♀

- Sport < 1h /w
± Leisure activities
< 3.5h /w

→ Unintentional weight loss

→Weakness (grip strength)

→Slowness

→Fatigue

→Low physical activity



→ Unintentional weight loss

→Weakness (grip strength)

→Slowness

→Fatigue

→Low physical activity
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Fragilité : phénotype proposé par Fried

<383 kcal / sem♂ ; 
<270 kcal / sem♀

- Sport < 1h /w
± Leisure activities
< 3.5h /w

3 out of 5 = FRAILTY
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Fragilité : Intérêt en santé publique

Disabled

Robust

Frail
Physical activity

Nutrition

• Interest for public health: increased risk of disability, institutionalisation, 
death

• Possibility to reverse from frailty to robustness

→ Physical Activity
→ Nutrition
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Profils alimentaires

Aliments

Nutriments

A priori

A posteriori

Basés sur des hypothèses

Comparaison aux recommandations

Basés sur les observations

ACP

Clusters

PLS

Consommation

Statut circulant

Isolés

Profils
ACP

PLS
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Approches méthodologiques de l’évaluation de l’exposition 
nutritionnelle
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Approches méthodologiques de l’évaluation de l’exposition 
nutritionnelle
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MeDi
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MeDi

Sofi et al., Curr Opin Lipidol, 2009
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MeDi : effets + sur la santé en général

Relative Risk CI 95% 

Death 0.92 0.91-0.93

Cardiovascular events(incidence or mortality) 0.90 0.87-0.93

Cancer (incidence or mortality) 0.94 0.92-0.96

Neurodegenerative diseases 0.87 0.81-0.94

Disability♀ 0.50 0.32-0.78

Bach-Faig et al. Public Health Nutrition, 2011 ; Sofi et al. BMJ 2008 & Public Health
Nutr 2014 ; Féart et al. Eur J Epidemiol 2011
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Cohorte Trois-Cités

T0 T2 T4 T7 T10 T12 T14

1999-2000 2001-02 2003-04 2006-07 2009-10 2010-12 2013-14

Frailty (Fried)

Vitamins A and E

Carotenoïds

Vitamin D

T17

2016-17

Biobank

Disability : mobility, IADL, ADL

FFQ

FFQ + & 24h Recall
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MeDi & Frailty

• Few longitudinal studies
• Talegawkar et al. (2012): n=690,  age 73 y on average, FU 6 y & frailty = 2/4 items

• León-Muñoz et al. (2014): n=1815, age 60+ y, FU 3.5 y, no adjustment for major 
confounders (cognition)
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MeDi & Frailty

• Few longitudinal studies
• Talegawkar et al. (2012): n=690,  age 73 y on average, FU 6 y & frailty = 2/4 items

• León-Muñoz et al. (2014): n=1815, age 60+ y, FU 3.5 y, no adjustment for major 
confounders (cognition)

• 3C: N=560, 81.3 y, 79 frail at 2y FU

HR CI 95% P

MeDi score

+ 1 unit 0.80 0.67-0.96 0.02

Low MeDi adherence REF 0.009

Middle MeDi adherence 0.57 0.26-1.26

High MeDi adherence 0.32 0.14-0.72

Rahi et al. Clin 
Nutr 2017
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MeDi & Frailty: SLR and meta-analyses

JAGS, 2018
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MeDi & Frailty: SLR and meta-analyses

Silva, J Nutr Health Aging 2018
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MeDi & Frailty: SLR and meta-analyses

Wang et al. J Nutr Health Aging 2018
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Approches méthodologiques de l’évaluation de l’exposition 
nutritionnelle
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Données d’observation

• 3C: N=336 ♂ et 636 ♀, 65 y baseline, FU 12y

HR CI 95%

Men

Pasta Eaters 2.21 1.11 – 4.40

Women

Biscuits & snacking 1.81 1.17 - 2.81

Ajusted for age, marital status, edication, income, comorbidities, BMI, depression, MMSE
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Approches méthodologiques de l’évaluation de l’exposition 
nutritionnelle
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Consommation d’aliments
• Very few studies on this topic

• Collaboration FRAILOMIC (FP7 Health)

• N=2926, 69 y, 300 cases, FU 2.5 y

Fruits & 
Vegetables

N OR [95% CI] p global

≤1 serving/d 59/369 1.00

<0.01

2 s/d 70/629 0.41 0.21 – 0.60

3 s/d 66/670 0.47 0.25 – 0.68

4 s/d 67/689 0.36 0.18 – 0.53

≥ 5 s/d 38/569 0.31 0.13 – 0.48

Garcia-Esquinas et al. Am J Clin Nutr, 2016 ; Bouillon et al. JAMDA, 2013
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Focus sur les protéines

• Essential for muscle strength

• Essential for muscle mass

• Animal or vegetal sources

• With aging, the protein synthesis is less sentitive to the protein intake
(resistance) 

→a greater intake is required to allow the synthesis of protein after the meal

• 1 to 1,2 g/kg/d is recommended (!CKD!)

Moreau et al. JAMDA, 2013 ; Walrand et al. Clin Geriatr Med 2011
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Focus sur les protéines

• Protein >> energy intake

• At least 1g/kg/d
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Autres macronutriments
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Micronutriments & Fragilité

• Vitamins D, E, C, 
Carotenoïds : 
consumption and/or 
circulating status lower
among frail elderly

• Low Vit D = + Risk
• Low Vit E = + Risk

• Higher number of deficits
= higher risk for frailty

FRAILOMIC: PCA patterns of fat-soluble nutrients

N=1324, including 290 frail, 78 y at 
baseline

– Pattern 1 :  carotenoïds & a-
tocophérol

– Pattern 2 :  vitamins A & E & –
carotènes

– Pattern 3 :  vitamin D & vitamins A 
& E

Yannakoulia et al. Metab Clin Exp Res 2017 ; Artaza-
Artabe et al. Maturitas 2016 ; Lorenzo-Lopez et al. BMC 
Geriatr 2017
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Micronutriments & Fragilité

Eur J Nutr 2018

OR CI 95% P

Pattern 1 (+ Caroténoïdes, a-Toc) 0.10

Quartile 1 1.98 1.10-3.56

Quartile 2 1.83 1.07-3.13

Quartile 3 1.62 0.95-2.66

Pattern 2 (+ Vit E, A, - Carotènes) 0.02

Quartile 1 2.15 1.24-3.72

Quartile 2 1.10 0.65-1.86

Quartile 3 1.29 0.79-2.11

Pattern 3 (+ Vit D, - Vit E, A) 0.10

Quartile 1 1.76 0.98-3.14

Quartile 2 1.96 1.14-3.39

Quartile 3 1.37 0.81-2.31

→ No association with the risk for frailty (84 incident cases) 
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Statut nutritionnel & Fragilité

• Undernutrition & Frailty are closely associated but have to be
considered as 2 distinct entities
• Until 90% of undernourished elderly (MNA) are frail

• Being undernourished, at risk of malnutrition, weight loss, low BMI= ↗ risk
for frailty

Lorenzo-Lopez et al. BMC Geriatrics, 2017

Goisser et al. JNHA, 2016
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Fragilité : mécanismes sous-jacents

Yannakoulia et al Metabolism 2017
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Yannakoulia et al Metabolism 2017

Fragilité : mécanismes sous-jacents

• Inflammation

• Oxidative Stress

• Insulin Resistance

• Genetic Polymorphisms

• Transduction of inflammatory
signal

• Muscle mass maintenance

• Endocrine system

• Energy metabolism

• Protein synthesis

Fulop et al. Biogerontol, 2010
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Fragilité : études d’intervention

• Include mainly frail individuals (secondary prevention)

• Main outcome: items of frailty (separately) most of the time

• Interventions: combination of physical activity and supplementation (protein, 
micronutrients) or nutritional advices

• Primary prevention: 

• + omega 3 fatty acids = no effect on frailty, higher gait speed

• Mixed results

→ reversibility of frailty into robustness

Yannakoulia et al Metab Clin Exp Res 2017 ; Kelaiditi et al. Curr Opin Clin Nutr 2014, Goisser et al. J Frailty Aging 2016
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Fragilité : études d’intervention

• Main limits:
• Isolated items

• Among frail, heterogeneous identification

• Limited nutritional assessment

• No control group

• No distinction between physical activity and nutritional supplementation

• Small sample size

• Duration: 7 weeks to 12 months

• SPRINTT : 36 months

Yannakoulia et al Metab Clin Exp Res 2017 ; Kelaiditi et al. Curr Opin Clin Nutr 2014, Goisser et al. J Frailty Aging 2016
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• Pas de consensus sur les outils à 
utiliser

• Difficultés à évaluer les 
consommations alimentaires

• Troubles cognitifs et dépression

• Peu d’études longitudinales, 
effectifs parfois faibles, et de 
courte durée

• Etudes d’intervention 
encourageantes  

→manque d’homogénéité

→ peu d’études sur les taux circulants

→ à considérer ++

→ besoin de plus de travaux sur cette 
problématique

C. Féart, 07/12/17
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Conclusion
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