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Ciclo de la fragilidad




Fragilidad




Representacién conceptual de las dos mayores teorias de la fragilidad. A) Fragilidad fisica, tiene la hipétesis de tener una
base biolégica dependiente de la edad especifica que lleva a la aparicidon de signos y sintomas. B) Fragilidad por déficit
acumulativo cuya hipétesis esta asociada a la acumulacion de deficits no especificos en salud, funcionales, psicolégicos y
cognitivos. Ambos conceptos de fragilidad predicen la vulnerabilidad a efectos adversos y a la elaboracidn de multiples
herramientas de deteccion.

Walston J, et al Moving Frailty tward Clinical Practice. Journal of the American Geriatrics Society. 2019 67(8)
Gobbens, RJ et al. In sear of an integral coneptual definitions of experts. J Am Dir Assoc 2010 11(5)




Frailty trajectories to identify
end of life: A longitudinal
population-based study

Stow D, Matthews F, Hanratty B

BMC Medicine

2018 vol. 16 (1)
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Components Frailty classification Setting
Primary  Hospital Long-term
care care facility
Frailty phenotype" Five itermns: weight loss, low physical activity, exhaustion, slowness, weakness Frailty: 23 items; pre-frailty: 1-2 items; Yes Yes Yes
rabust: 0 items
Frailty Index™~ 30 or more accumulated health deficits: scores range from O (ne deficits) to Continuows score; suggested cutoff score Yes Yes Yes
1 {all deficits) for frailty =0.254
Electronic Frailty Index™ #s for the Frailty Index, with variables derived from routine electronic health Severe frailty: score >0.36; frailty: Yes Mo Ma
records in primary care; also considered to be a case-finding instrument soore =0-24-0-36; mild frailty:
score »0:12-0-24; fit; score <012
Clinjcal Frailty Scafe' Visual and written chart for frailty with nine graded pictures: L=very fit: Frailty: score =5 ¥es Yes Yes
g=terminally ill
FRAIL scale™ Five itemns: fatigue, resistance, ambulation, illness, loss of weight Frailty: 23 items; pre-frailty: 1-2 items; Yes Yes Yes
robust: 0 items
Study of Osteoporotic Three items: weight loss, exhaustion, unable to rise from a chair five times Frailty: =2 items; pre-fraiity: 1 items; Yes o5 Mix
Fractures frailty criteria® rabust; O items
PRISMA-7* Seven self-reported iterns: age (=85 years), male, social support, and ADLs Frailty: score =3 s No Me
Tilburg Frailty Indicator™ 15 self-reported items in three domains: physical, psycholegical, and social Frailty: score =5 Yes Mo Mer
Geriatric 8§ frailty Eight items: function (ADL and IADL), mobility, nutrition, comarbidity, Frailty: score =14 Mo Y5 M
questionnaire foroncology  cognition, depression, secial suppart
(a8}
Graningen Frailty Indicator” 15 self-reported items in four domains: physical, cognitive, social, psychological — Frailty: score =4 Yos Mo Ma
Short Physical Performance  Three measured items: gait speed, standing balance, and repeated chairstands;  Frailty: score =9 Yes Mo MNa
Battery™ each itam scored from 0-4, maximum scara of 12
Edmonton Frailty Scale* Nine items: cognition, health (2 <), hospitalisation, sodal support, nutrition, Frailty: score 27 N Yes Ma
mood, function, continence
Multidimensional Eight items: comarbidity, nutrition, cognition, polypharmacy, pressure sore risk, — Frailty: score =0.66; Yes Y5 M
Prognostic Index living status, ADL, LADL pre-frailty: score D.34-0-66;
rabust: score <0-34
Kihon Checklist= 25 dichatomous (tems in seven categories: physical strength, nutrtion, eating,  Continuows soore; suggested frailty cutoff  Yes Yas M
socialisation, memaory, mooed, and lifestyle; scoring as per the Frailty Index soore =025
Frailty Risk Score® Formula: age (per 10 yaars) = 4 + male sex = 10+ no partner = § « body mass Wery good: score <45; good: score 45-50;  MNo Y My
index <185 ka/m® » 12 + cardiovascular disease x 4 + diabetes x 4 « number of moderate; score §1-55; poor: score 56-61;
dregs 22 x5, EMS5=20 % § + ADL motor deficit = 4 + ADL process deficit = 7 very poor: score =61
Also considerad to be a case finding instrument.
Hospital Frailty Risk Score® 109 summed items from 1C0-10 frailty-relevant codes from administrative Lowy risk: score <5 intermediate risk: Mo s M

hospital data. Alse considered to be a case finding instrument.

score 5-15; high risk; score =15

EMS=Elderly Mability Scale. ADL=activities of daily living, (ADL=instromental activities of daily living: |CD-10=International Statistical Classification of Diseases and Related Health Problems, 10th revisicn.
Derived and modified from Dent and colleagues, 20164

Table 1: Commonly used frailty instruments

www.thelancet.com Vol394 October 12,2019




Escalas de fenotipo fragilidad fisica y el indice de
fragilidad no concuerdan en los datos de prevalencia

gue presentan, evidencia que sugiere que no son
intercambiables en la mayoria de los escenarios

¢ Li,Q et al. Discrpancy in frailty identification Move Beyond Predictive validity. The Journals of Gerontolgy Series A.

2020. 75(2)

Estudios demuestran una marcada heterogeneidad
en el grado en el que varias escalas sobre o
subestiman la fragilidad y/o concuerdan con la
identificacion de los individuos fragiles.

* Aguayo,G et al. Agreement between 35 published frailty scores in the general population. American Journal of
Epidemiology 2017. 186(4)




FRAGILIDAD

Esta asociada con el aumento de
mortalidad, hospitalizacion, caidas e
institucionalizacion.

La literatura documenta también
deterioro de la calidad de vida y
soledad en los individuos fragiles

Fried LP, Tangen CM, Walston J, et al. Frailty in older adults:
evigensce for a phenotype. J Gerontol A Biol Sci Med Sci 2001; 56:
146-56.

Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly
people. Lancet 2013; 381: 752-62.

Kojima G, lliffe S, Jivraj S, Walters K. Association between frailty
and quality of life among community-dwelling older people: a
systematic review and meta-analysis. J Epidemiol Community
Health 2016; 70: 716-21.

Hoogendijk EO, Suanet B, Dent E, Deeg DJ, Aartsen MJ. Adverse

effects of frailty on sociaffunctioning in older adults: results from
’E%e Longitudinal Aging Study Amsterdam. Maturitas 2016; 83: 45—

Otros resultados adversos asociados a
esta entidad incluyen discapacidad,
delirium y aumento en la mortalidad

Theou O, Brothers TD, Mitnitski A, Rockwood K. Operationalization of
frailty using eight commonly used scales and comparison of their
ability to predict all-cause mortality. ] Am Geriatr Soc.
2013;61(9):1537-51.

Drubbel I, de Wit NJ, Bleijenberg N, Eijkemans RJ, Schuurmans MJ,
Numans ME. Prediction of adverse health outcomes in older people
using a frailty index based on routine primary care data. J Gerontol A
Biol Sci Med Sci. 2013;68(3):301—

Hope AA, Gong MN, Guerra C, Wunsch H. Frailty before critical illness
and mortality for elderly Medicare beneficiaries. ] Am Geriatr Soc.
2015;63(6): 1121-8




Sarcopenia
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Malnutrition and sarcopenia
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DEFINICION

{3+ Sarcopenia se ha definido como un desorden del
musculo esquelético progresivo y generalizado que
involuca la perdida acelerada de masa musculary
funcion.

Cruz-Jentoft, A, Sayer,A. Sarcopenia. Lancet 2019; 393: 2636-46

i L
S

T e TR T R T T T I R T
oy | g, (! Ny i S
b G, e o, " G N o




e o Apsag 201 E 47 1531 G The Adthoay) 2018 Publahesd By Db Uiy aly Press on baral of e B Gl Sooel

dot [N Wageag'afe L0 This o I'.1_.-P.F...-_5.l\..-1-_|e..jr'r b e e the ey ol the Creglee Cormrmons Abmbaier: Mon
Fubinims secrmnrdly I Sesterewr 100E  Commertin Lsees (Tt erminers o Soremdne nof V], whech parmils nef cormmend
e dambuion Shd reproduciom inany Aeden prosaed Te orkgnad sl B proery oied, Fiy
CONTUTET O PE-UR Dl CONTLICE S Ta s [ T i o

GUIDELIMNES

Sarcopenia: revised European consensus
on definition and diagnosis

Algoritmo para busqueda de casos,
diagnostico y cuantificacion de |Ia
severidad.

SARC-F
or clinical
suspicion

atldddd No sarcopenia;
rescreen later

POSITIVE
OR PRESENT

Muscle strength Jlelz" g o sarcopenia;

Grip strength,
Chair stand test rescreen later

In chinical practice,
this is enough to
trigger assessment of
causes and star
intervention

Muscle quantity [RrSS.
or quality
DXA; BIA, CT, MRI

Sarcopenia
confirmed

Physical
Performance
Gait speed, SPPB,
TUG, 400m walk

Sarcopenia
severe



Se ha documentado que |a

Sarcopenia .....

Aumenta el riesgo de caidas y fracturas

o Bischoff-Ferrari HA, Orav JE, Kanis JA et al. Comparative performance
of current definitions of sarcopenia against the prospective incidence
of falls among community-dwelling seniors age 65 and older.
Osteoporos Int 2015; 26: 2793-802

o Schaap LA, van Schoor NM, Lips P et al. Associations of sarcopenia
definitions, and their components, with the incidence of recurrent
falling and fractures: the longitudinal aging study Amsterdam. J
Gerontol A Biol Sci Med Sci 2018; 73: 1199-204

Deteriora la habilidad de realizar las
ABVD

o Malmstrom TK, Miller DK, Simonsick EM et al. SARC-F: a symptom
score to predict persons with sarcopenia at risk for poor functional
outcomes. J Cachexia Sarcopenia Muscle 2016; 7: 28-36

Esta asociada con enfermedad cardiaca,
respiratoria y deterioro cognitivo

°  Bahat G, llhan B. Sarcopenia and the cardiometabolic syndrome: a
narrative review. Eur Geriatr Med 2016; 6: 220-23. 14.

o Bone AE, Hepgul N, Kon S et al. Sarcopenia and frailty in chronic
respiratory disease. Chron Respir Dis 2017; 14: 85-99. 15.

o Chang KV, Hsu TH, Wu WT et al. Association between sarcopenia and
cognitive impairment: a systematic review and metaanalysis. ] Am
Med Dir Assoc 2016; 17: 1164.e7-64.e15.

Produce desordenes de la movilidad

°  Morley JE, Abbatecola AM, Argiles JM et al. Sarcopenia with limited
mobility: an international consensus. J Am Med Dir Assoc 2011; 12:
403-9

Deteriora la calidad de vida

o Beaudart C, Biver E, Reginster JY et al. Validation of the SarQoL(R), a
specific health-related quality of life questionnaire for Sarcopenia. J
Cachexia Sarcopenia Muscle 2017; 8: 238-44. 17.

Aumenta la necesidad de
institucionalizacion

o Dos Santos L, Cyrino ES, Antunes M et al. Sarcopenia and physical
independence in older adults: the independent and synergic role of
muscle mass and muscle function. J Cachexia Sarcopenia Muscle
2017; 8: 245-50

o Steffl M, Bohannon RW, Sontakova L et al. Relationship between
sarcopenia and physical activity in older people: a systematic review
and meta-analysis. Clin Interv Aging 2017; 12: 835-45. 20.

Aumenta el riesgo de muerte

o De Buyser SL, Petrovic M, Taes YE et al. Validation of the FNIH
sarcopenia criteria and SOF frailty index as predictors of long-
1ée0r2m8mortality in ambulatory older men. Age Ageing 2016; 45:




Intervenciones




A Summary of the Biological
Basis of Frailty
Fielding R

Nestle Nutrition Institute
Workshop Series Pathology:

2015 vol. 83 pp 41-44 Sarcopenia, inflammation,

senescence, genome instability

!l

Impairment:
Muscle strength/power,
aerobic/endurance capacity

\\ Frailty:
l_ Sedentariness, involuntary
weight loss, fatigue, poor muscle
Functional limitation: strength, and slow gait speed
.-l-'""'-r'

Gait speed, chair rise time /

Disability:
Role limitations

Disability, frailty and sarcopenia

Relacién entre Fragilidad, Sarcopenia y Discapacidad




EJERCICIO

FRAGILIDAD

En comparacién con el cuidado usual,
los programas de actividad fisica
(basados en entrenamiento de
Resistencia, aerobico o balance y
coordinacion) reportan mejoria de la
velocidad de la marcha, movilidad, y
desempeno fisico en adultos mayores
con fragilidad

de Labra C, Guimaraes?Pinheiro C, Maseda A, Lorenzo T, Millan?Calenti JC. Effects
of physical exercise interventions in frail older adults: a systematic review of
randomized controlled trials. BMC Geriatr 2015; 15: 154.

63 Gine?Garriga M, Roque?Figuls M, Coll?Planas L, Sitja?Rabert M, Salva A.
Physical exercise interventions for im?roving erformance?based measures of
physical function in community?dwelling, frail older adults: a systematic review
and meta?analysis. Arch Phys Med Rehabil 2014; 95: 753-69.e3.

64 Cadore EL, Rodriguez?Manas L, Sinclair A, Izquierdo M. Effects of different
exercise interventions on risk of falls, gait ability, and balance in physically frail
older adults: a systematic review. Rejuvenation Res 2013; 16: 10514

SARCOPENIA

Varios meta-analisis documentan que
la fuerza de extension en la rodiIIaéP
<0.01), Prueba Up and go minutada
(P < 0.0001), Masa muscular
apendicula (P = 0.04) y masa muscular
de la pierna (P = 0.04) mejoran
significativamente en respuesta a las
intervenciones de ejercicio

Vlietstra, L, Hendrick, WExercise interventions in healthy older adults with sarcopenia: A systematic
review and meta-analysis Australasian Journal on Ageing, Vol 37 No 3 September 2018, 169-183




Free Radical Blolopy and Medicine 132120151 4249

Contents lists available at Scicnceliirect

Free Radical Biology and Medicine

jnurnal hnmapage: www alsaviar cnmfdncataffrearadhinmeard

Review Article

Sarcopenia, frailty and their prevention by exercise )
C.M. Nascimento®, M. Ingles”, A, Salvador-Pascual’, M.R. Cominetti’, M.C. Gomez-Cabrera™", Rl
J. Vina"

Recomendaciones generales de intervenciones basadas en ejercicio para tratar sarcopenia y fragilidad

Exercise modality Duration Volume Intensity Frequency Indication
RESISTANCE Variable (1060 min} 8-10 exercises Progressive (until B 2-3 times;/week  SARCOPENIA {+ = +}
involving major muscle  1RM) (range 1-6) FRALTY [+ +)
RIOLIpS,
3 months (range 2-12 months)  Progressive (1-3 sets,
6-12 repetitions)
ENDURANCE 20-50 min Progressive Progressive (modecate to 3-5 days/week  SARCOPENIA (++)
3 months (range 2-12 months) high; 6-3 points on a RPE FRAILTY {+ +)
scale)
MULTHCOMPONENT: 45-60 min Progressive Progressive (moderate to 2-3 times/week  SARCOPENIA (+ + +}
RESITANCE (R) + ENDURANCE {E) Pre-frail: 20 min R+ 10 min high; 6-8 points om a RPE  (range 1-7) FRAILTY (+++)
+ BALANCE (B) + FLEXIBILITY (F] E + 20min B+ 10minF seale)
Frail:
10minA+
A minE +
8 min B+
TminF

3 months (range 1-18 months)




NUTRICION

FRAGILIDAD

Proveer suplementos nutricionales
solos, incluido la membrana de globulo
de grasa de leche(MFGM) y formulas
con energia proteica o incrementar las
calorias proteicas y los micronutrientes,
son estrategias que han probado ser
favorables para la prevencion del
progreso de la fragilidad

Kim H, Suzuki T, Kim M, K’(\)A’ima N, Ota N, Shimotoyodome A, et al. Effects of exercise and milk fat

ﬁlobufe membrane (MFG )st_Jppfementat_i0nonbod_ycomppsition,physical func-tion,and
ematological parameters in community-dwelling frail Japanese women: A randomized

double blind, placebo- controlled, follow-up trial. PLoS ONE 2015;10(2):e0116256.

Kim Ch-O, Lee K-R. Preventive effect of protein-energy supplementation on the functional
decline of frail older adults with low socioeconomic status: a community-based
randomized controlled study. J Gerontol A Biol Sci Med Sci 2013;68(3):309-16.

Ng TP, Feng L, Nyunt MS, Feng L, Niti M, Tan BY, et al. Nutritional, physical, cognitive, and
combination interven- tions and frailty reversal among older adults: A randomize
controlled trial. Am J Med 2015;128(11):1225-36

SARCOPENIA

Existe evidencia de los beneficios tanto para
mejorar la masa muscular como las pruebas
de desempeno de tener una dieta saludable
gue cuente con patrones adecuados de
ingesta proteica, vitamina D, nutrientes
antioxidantes y acidos grasos polinsaturados
de cadena larga.

Robinson SM, Reginster JY, Rizzoli R, et al. Does nutrition play a role in the prevention and
management of sarcopenia? Clin Nutr 2018; 37: 1121-32.

Deer RR, V0|§)i E. Protein intake and muscle function in older adults. Curr Opin Clin Nutr Metab
Care 2015; 18: 248-53.

Bauer J, Biolo G, Cederholm T, et al. Evidence-based recommendations for optimal dietary protein
ilnialgﬁzinsoslader people: a position paper from the PROT-AGE Study Group. J Am Med Dir Assoc 2013;

Deutz NEP, Bauer JM, Barazzoni R, et al. Protein intake and exercise for optimal muscle function
with aging: recommendations from the ESPEN Expert Group. Clin Nutr 2014; 33: 929-36.




Effectiveness of interventions to prevent pre-frailty and
frailty progression in older adults: a systematic review

Jodo Apdstola’ - Richard Cooke?. Elzbieta Bobrowicz-Campos' - Silvina Santana®. Maura Marcucei®®.
Antonio Cano®- Miriam Vollenbroek-Hutten” - Federico Germini® - Barbara D'Avanzo®™ - Holly Gwyther” -

land? . . ;
Carol Holland”™ 1) s tabase of Systematic Reviews and Implementation

Reports. 2018 16(1)

¥Los estudios de esta revision multicentrica llegan a la conclusion,
luego de todas la intervenciones, de que el ejercicioy la nutricion
son los mas exitosos en reducir fragllldad juntos o como
intervenciones aisladas.




HACIA DONDE VAMOS

GEROPROTECTORES

{tGeroprotectores han mostrado la habilidad de
retrasar el inicio de multiples disfunciones
tisulares asi como enfermedades relacionadas a
la edad y mejorar la resilencia modulando
mecanismos de envejecimientos como la
senesencia, autofagia y la inflamacion.

Drogas que tiene potencial para tratar la
sarcopenia incluyen la testosterona y anabdlicos
esteroideos, anticuerpos anti miostatina,
anticuerpos receptores activina y agonista de
@Drogas como la rapamicina, resveratrol, grelina (anamorelina)
metformina, inhibidores de |la ECA pueden
mejorar la sobrevida de miltiples sistemas Elinterés esta también en el rol de los
incluyendo el cardiaco, cognitivo, neuromuscular, betabloqueadores, inhibidores de la ECA
metabdlico e inmune

@tHan demostrado en retraso de la fragilidad en
modelos animales

Morley, J Treatment of sarcopenia: the road to the futurelournal of
Cachexia, Sarcopenia and Muscle 2018; 9: 1196-1199

Trendelenburg, A et al. Geroprotectors: A role in the treatment of frailty.
Mechanisms of Ageing and Development 180 (2019) 11-20




Ademas se requieren...

£ Nuevos estudios que permitan:

{1 Estandarizacion de conceptos

{ Evidencia robusta de como es |la mejor forma de

manejar la fragilidad y la sarcopenia (costo
efectividad)

{3 Definicion de los escenarios y los métodos para
tamizaje de ambas entidades a fin de tomar
decisiones apropiadas en politicas publicas

www.thelancet.com Vol 394 October 12, 2019
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* DEFINIR INTERVENCIONES BASADAS EN LA EVIDENCIA

® QUE TENGAN ENFOQUE EN EL CURSO DE VIDA

Segun

. # QUE LOGREN OPTIMIZAR LA TRAYECTORIA DE LA
recomendauones CAPACIDAD INTRINSECA DE LOS INDIVIDUOS
de la OMS

# QUE FORTALEZCAN LA IMPLEMENTACION DE MODELQOS
DE CUIDADO INTERDICIPLINARIO PARA EL MANEJO DE
PACIENTES GERIATICOS (UNIDADES ORTOGERIATRIA)
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£t Tanto la fragilidad como la sarcopenia resultan de
gran importancia en la Geriatria dado el impacto que
tienen en la salud y calidad de vida de los adultos
mayores

{ Se tiene gran cantidad de evidencia de la deteccion e
intervenciones de estas entidades

{+ Se requiere mayor evidencia que fundamente temas
criticos como el tamizaje generalizado,
estandarizacion de las intervenciones y nuevos
tratamientos que permitan un mejor abordaje
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STUDY PROTOCOL Open Access

Effect of a multicomponent exercise %
programme (VIVIFRAIL) on functional

capacity in frail community elders with

cognitive decline: study protocol for a
randomized multicentre control trial

Myae Casas-Hevrera - b ."J'III'.II“—ﬁ.Ii.*'I-gl.I"' Fabin. 2ambam-Famaes™, Mie! L Saer d8 Aspasi ™
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omponent

AXITm s00re

Mimum score

Total fruit
Whole frun
Totl vegetables

Greens and beans

Whaole grain

Dymary

Totul protein foods
Seafood and plant proteins
Fatty acids

Refined grains

Sodium

Empty calories

=0.8 cup/1,000 keal
A4 cup/1.000 kcal
=1.1 cup/1,000 keal

> 0.2 cup/1,000 kcal

=1.5 Oz'1,000 kcal

1% cupd 1L OO0 kial

22.5 01,000 kcal

(1.8 Ovz/ | 000 kecal

(PUFAs + MUFAsVSFAs >2.5
<1.8 Oz/1,000 kcal

=1.1 g/1,000 kcal

<19% of energy

No fruit

No whole fru

No vegelables

Nodark green vegetables or
beans and peas

No whole grains

M |:‘|.'Ii|'"_|..'

No prolein foods

No seafood or plant proteins
(PUFAs + MUFAsWSFAs <1.
=43 Oz/1 000 kcal

=20 g/1,000 keal

=50% ol energy

PUFAs: Polvunsamirated foany scwds: MUFAs: Monounsamwirated famy ackds: SFAs: Sawraed fany ocids

adjustment for confounders including energy intake, those con-
suming poor- and medivm-guality diets had a higher trailty ino-
dence than those consuming pood-qualiny diets (hazard ratio
[HR] = 1.92 [95% confidence interval [Cl] = 1.17-3.17] and HR
= 140 [95% Cl = (,99-1.98], respectively), No associations for
energy or protein intake were observed, Compenng risk analvses
vielded similar resuls, Armong the robase, those with lower vege-
table proven intake had a higher “pre-frailty or franlty ™ incudence
iper =10 gid: HR = 1.20; 95%, C1 = 1.04-1.39). No other assoo-
ations were observed.

COMCLUSION: Poorer overall diet qualiey and lower vepe-
table protem intake may increase the risk of becoming trail in
old age, We found no asociation for intakes of energy, totl
protein, or animal protein. | Am Geratr Soc 00:1-8, 2019,

Prospective Associations of Diet Quality With Incident Frailty in
Older Adults: The Health, Aging, and Body Composition Study
Loida M, Hengeeeld, Mbe,® Hanncke A H. Winkopen, PRI Margrees K. Ofthof, P *

Irigefrarg A, Browever, PED,* Eleamor M. Simiownsick, PED,T Stepben B, Kritchersky, PDS
Diewrize K. Howston, PRDT Awee B, Newsgen, MDD, MPH® and Masiolein Visser, PR
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Malnutrition-sarcopenia
syndrome: Is this the future
of nutrition screening and
assessment for older adults?

Vandewoude M, Alish C, Sauer A,
Hegazi R

Journal of Aging Research
2012 vol. 2012

Tasre 1: Prevalence of malnutrition and sarcopenia in older adults across clinical settings

Patsent Population/Setting Malnutrition Sarcopenia
Hospitalf Acute Care S6% |11]
23% [15]
Long Term Care 2% [15] 32.8% |21
294 [15] 355 [20]
Community 1=10%% [15] ¥7-61% (class | sarcopenia) [212]
(41=48% at risk] [14] 5-11% {class |l sarcopenia) [22]
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Skeletal Muscle Regulates Metabolism via Interorgan Crosstalk:
Roles in Health and Disease

Josep M, Argilés PhD ™", Nefertiti Campos PRD ", José M, Lopez-Pedrosa PhD ",
Ricardo Rueda MD, PhD ", Leocadio Rodriguez-Mafias PhD'

JANIE
[

Physical activity, especially
resislance training stimulgtes
protedn synthesis in muscle

Exercise

l

-
.T

MNutrition

" %

High-protein diets including The leucine metabolile HMB
EAAs and BCAAs contribule is & potent stimulator of
1o mascle accration protein synthess in musche

Fig. 4. Treatments for sarcopenia. It (s currently recommended that patients at risk of
or =iffering from sarcopenia consurme 4 diet high in probein, engage in resistance
exercise, and take sapplements of the leucine metabalite HAAE,
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A review of sarcopenia; Enhancing awareness of an increasingly

prevalent disease

Eric Marty, ¥ Liw, Andre Samuel, Omer Or, Joseph Lane *
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Tahle 2

Inferventonis)

Hegimens)

Population|s ]

Observed outcomes

Eeference|s|

Resistamce raining
Resistanoe (raimng

Resistamce training

3 g lewcine enriched supplement + B min raining
20 2 whey protetn =+ 3 g levcine + 800 1L vitamin B

14-20 g protein - 14749 U vitamin D 4= 158
Pr-hydroxy f-methyplbutyrate |HME)

2-3 g -hydroxy [-mvethy lbutyrate {HMB)

520 g creatine + resistance ralning
S00-4000 Lk watamun 0

1=7 sesamms per week
whole body vibrational therapy

3= fweek for 12
W e

2 & 'week for 24
wierks

3w/ wepek 1-8
& week 0-24
Monthly week
25-52

2w /day for i
vl

2= /day for 13
wiccks

2xiday for 24
wireks

1= day for
2-12 mionths
|« /day for
12-24 wepks
1= /day for
1-60 months
b weeks- 18
ionths

Elderly hip
SUNRETY patients
Mursing care
Facility residents
Sarcopenic sdults

sarcopenic older
WaTnE T
Sarcopenic oldes
adulis
Malnourished
sarcopenic adults

Elderly adults

Elderhy adults

Various
populatians

Elder by adubts

Deoreased hospital length of stay, increased muscle sirenath
amwt muscle cross-sectional area versus control
Increased grip strength versus contnol

Mo statistical sgnificance versus non-training contrals at 12
menths

increased knee extension sirength versis exercise of
nutritional supplementation alome

Increased muscle mass and improved chabr-stand test versus
5o caloric control

Increased ischinetic peak tongue

Increased grip strengih

Enpronsad] galt speed

Impronved musche mass, muscle strength, and physical
performance

Increased muscle mass, chair rise performance. and knee
exlension strength

1117
[118]

111
1112}

(113}

[116] [rewew])

[115}
[ el a-analisis )|

Improved musche strength, particulardy in ages =65 or starting. | 114]

=3 moral /L
Increased musche sirength
Fmproved jumping helght and sit to stand performance

{ mera-analysis]
[120)
[ meta=analysis)




Physical Frailty: ICFSR
International Clinical Practice
Guidelines for Identification
and Management

Dent E, Morley J, Cruz-Jentoft A,
Woodhouse L, Rodriguez-Mafias L, et.
al.

Journal of Nutrition, Health and Aging
2019 vol. 23 (9) pp. 771-787

Summary of [CFSR evidence-based recommendations and clinical considerations for the identification and management of

frailty in older adults

Recommendation

Certainty of Evidence

Frailiy Sereening

1 All adulis aged 65 years ind over should be offered screening for frailty using & volidated
rapad frlty mmstrment suitable 1o the specific selting or confext

Fruty Axsexsment

3 Chimcal assessment of frailty should be performed for all older sdullts screenming as pasitive for
frailty or pre-frailey

Developurens of & Comprefienave Monagemeat Plan

3 Acomprebensive cane plun for fralty should systematically sddress polypharmacy, the mona-
gemetil of sarcopema, treatable canses of weight loss, and the causes of fatigue (depression,
annemen, hypotension, hypethyrosdism, and vitwmim B2 deficency |

4 Where approprate. persons with sdvanced (severe) frmlty should be referred 10 a periatricn
Physical Activity/Exercise

§  OHder people with frahiy should be offercd o multi-component physacal sctivity programme
{or those with pre-frailty 85 a preventative compoaent

i Healih pructitioners ane strongly encouraged to reter older people with frailty to physical
activity programmes with a progresaive, resistance-trainiing companenl

Mussrivicar aned Oval Healh

T Prodeinfcaloric supplemientation can be considered for persons with fralty when weight loss
or undernutnition has been diagnosed

Healhh practitwoners may olfer autnmonallprotemn supplementition paired with physcal acti-
Vity prescription

9 Advise older sdulis with frathy about the importance of arsl health
Phormacalogical Infervention

1 Pharmacologwal reatment as presently avalable is not recommended therapy Tor the trest-
ment of frailty

Additinnel Therapies and Trecinments

11 Witamin D supplementstion is not recormnended for the trestment of frailiy onless vitanun D
deficiency is present

12 Cogninve or prablem-solving therapy is not svstematically recammended for the treatment of
frailiy
13 Hormone therapy s oot recommended for the treatmment of frailty

14 Al persons with frailty may be olfered socul suppon s needed o address unmet neads amd
encourage adherence o the Comprehensive Managemeni Plun

15  Persons with frailty can be refermed o home-based traiming

Liow

Strong

Very Low

Mo datart

Moderate

Moderate

Conditional ey Low
Condinesial  Low

CHR Mo datat

Very Low

Very livw
Very low

ety low
Stroag Very low

Conditinnal Low

Where sulficient evidesce was avalsbie from sysematic nevieew simem-malyses. recommenidit ons were ranked socording 1o the GRADE spproack § ). Where evidence was lmived i
wwsiematic revies s mels-onalyses of forjopick bevord the soope of sysiematic reviews, C Based Rec il (CER) wers formuluied by the Idernationa] Conference of

Frailty amd Sarcopenis Hestarch (TCFSRE ) tmsk Tonee om frml iy © Mo dais™ ind ma ekl il e By & VIR




Figure 1
The cascade of functional decline in older adults from
independence, through to frailty and disability (in the absence
of intervention) [Based on concepts and findings by Dapp et
al. (34) Hoogendijk et al. (35), Clegg et al. (36) and Fried et al.
(37)]
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Mutritional recommendations
for the management of
sarcopenia

Moriey J, Argiles J, Evans W, Bhasin 5,
Cella O, &t. al.

lournal of the Amencan Medical
Directors Association

SO0 wal, 11 (6) pp. 3971-3496

Table 2. SOrCRReTIL R ecommendations

= Aging is associated with a physiological anorexia, decreased protein and energy intake, and weight loss. This is associated
with a decline in muscle mass and increased mortality.

= The metabolic efficiency in older persons is decreasing, requiring a higher protein intake for protein synthesis than in
YOUNGEr Persons.

= This suggests that a balanced protein and energy supplement may be useful in preventing and reversing sarcopenia as part
of a multimodal therapeutic approach. (A)

= Persons with obesity and sarcopenia have very poor outcomes. Appropriate dietary approaches for this group, other than
aggressive resistance exercise, are unknown,

e A5 15% to 38% of older men and 27% to 41% of older women ingest less than the recommended daily allowance for

protein it is suggested that protein intake be increased. (B)

It is recommended that the total protein intake should be 1 to 1.5 g/kg/day. (B}

It is suggested that a leucine-enriched balanced essential amino acid mix may be added to the diet. (B)

A trial of balanced amino acid supplementation alone and with exercise in sarcopenia is recommended.

Creatine may enhance the effects of exercise in sarcopenic patients. (A)

Long-term studies of the effect of creatine on sarcopenia need to be carried out.

Based on treatment trials in patients with sarcopenia and on well-established human physiology, patients receiving

anabaolic therapies will have increased dietary energy needs to support increases in lean body mass. Whether the increase in

dietary energy needs will require explicit nutritional support is an individualized decision. (B)

s Based on some treatment trials in patients with sarcopenia and on physiologic hypotheses, for optimal deposition of muscle

rmass, patients receiving anabolic therapies probably require adequate protein intake. Whether meeting dietary protein

needs will require explicit nutritional support is an individualized decision. (B)

There is a need for a reasonably powered clinical trial to test these hypotheses in sarcopenic patients.

25(0H) vitamin D levels should be measured in all sarcopenic patients. (A)

Vitamin D supplementation in doses sufficient to raise levels above 100 nmol/L should be given as an adjunctive therapy. (A)

Either vitamin D2 or D3 is an acceptable replacement. (A)

Doses of 50,000 IU of vitamin D a week are safe, (A)

Short-term resistance exercise improves strength and gait speed. (A)

ferobic exercise improves quality of life years (QALY) and is cost effective. (A)

Epidemiology studies suggest positive effects of physical fitness on health.

We recommend resistance and aerobic exercise for 20 to 30 minutes, 3 times a week. (A)

| R R R RBRRRRBSBSSSSSRBBSSSIESESSD—S———————WEEBESBBS=ESSEEDBRREEE——————DSSDEEBBEBSDDDEDBSSEBBDBEESSSBEEBBEDESSBBBBBBBRDRDRDmDmDmDmDLL




Treatment of sarcopenia: The
road to the future

Morley J

Journal of Cachexia, Sarcopenia
and Muscle

2018 vol. 9 (7) pp. 1196-1199

Table 1 Patient-centred approach to management of sancopenia

Earty identification Primary prevention Secondany prevention Tertiary prevention
SARC-F or ISHA Exercise Resistance exercise Physical therapy
screening test

Adequate protesn diet Lowy-prratain diet: leucine-ennched Orcupational therapy

Im ALL hospitalized:
aggressive resistance exercise
(include intensive care unit)

essential amino acds or mathy
hydroxy butyrate supplementation
Male hypogonadism: testosterons

if falling: wse COC STEADH

or FAALLS approach

Hf foww 25(0H) vitamin D—13 000 1L
witamin [

If dysphagia: speech therapy

Provide adequate protein intake

Optimal treatment of COPD;
CHF and diabetes mellitus
Exclede cachexia: elevated
CRP + lows protein
Euclude protein ensrgy malnutntion
(anorexia of malabsorpton)
Lok for treatable causes
“Calaric supplemant
“Fulure: anamorelin
Future: antibodies to ryostatin




Updated concept of
sarcopenia based on muscle-
bone relationship

Yakabe M, Hosoi T, Akishita M,
Ogawa S

Journal of Bone and
Mineral Metabolism

2020 vol. 38 (1) pp. 7-13 12 Cut-offs in the diagnostic criteria by EWGSOP2
Men Women
Strength
Grip strength <27 kg <16 kg
Chair stand test > 15 s for five rises

Muscle quantity

ASM <20 kg <15kg
SMI <7.0 kg/m? <6.0 kg/m?
Performance

Gait speed <0.8 m/s

SPPB < 8 point score

TUG 2205

400-m walk test Noncompletion or =2 6 min for comple-
tion




Sarcopenia

Tournadre A, Vial G, Capel F, Soubrier
M, Boirie Y

Joint Bone Spine

2019 vol. 86 (3) pp. 309-314

Sarcopenia is defined as a
combination of low muscle mass
with low muscle function. The term
was first used to designate the loss
of muscle mass and performance...

Age
Physical inactivity Anabolic resistance
Neuromuscular Sarcopenia Insulin resistance
impairments Lipotoxicity
Endocrine factors O:udatll.:e r;tm?s
(testosterone, el r o aisan Mytoc ndria
GH, IGF-1, myostatin) dysfunction

Fig. 1. Mechanisms underlying sarcopenia.




Free Radical Blology and Medicine 132 (20190 42492

Contents lists available at Sciencelirect

Free Radical Biology and Medicine
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Review Article
Sarcopenia, frailty and their prevention by exercise )

C.M. Nascimento®, M. Ingles", A, Salvador-Pascual”, M.R. Cominetti’, M.C. Gomez-Cabrera™", o
J. Vina'

O Noscimseme &1 @l Free Bodical Rrology amd Medicins T2 (2019) 43-4%

Alheimer s
Diabetes
Cancer
Hypertension
Disability
INTERVENTIONS
Exgdcise
Miitrition
| Stress Provention

Fig. 4. Physiological interventons o delay frailty and age-nsociated diseases.




Adherence to Mediterranean
Diet and Frailty

Ntanasi E, Yannakoulia M, Kosmidis M,
Anastasiou C, Dardiotis E, et. al.

Journal of the American Medical
Directors Association

2018 vol. 19 (4) pp. 315-322.e2

performed.

Results: Of our participants, 70 (4%), 325 (18.7%), and 442 (25.4%) were identified as frail according to the
Fried et al definition, the Frailty Index, and the Tilburg Frailty Indicator, respectively. Adjusting for
confounding factors, each additional unit in the MedDietScore was associated with a 5% (P = .09), 4%
(P =.005), and 7% (P < .001) decrease in the odds for frailty according to the Fried definition, the Frailty
Index, and the Tilburg Frailty Indicator, respectively.

Conclusions: Aceording to studv results. a higher adherence to the Mediterranean diet was associated




Frailty: implications for
clinical practice and public
health

Hoogendijk E, Afilalo J, Ensrud K,
Kowal P, Onder G, et. al.

The Lancet
2019 vol. 394 (102086) pp. 1365-1375

Frailty onset or progression

1

Demographic and Clinical factors Lifestyle factors Biological factors
social factors
« Advanced age » Multimorbidity and « Physical inactivity » Inflammation (elevated
» Female sex chronic diseases » Low protein intake cytokines or CRP)
» Ethnic minority « Obesity » Smoking « Endocrine factors
» Low education « Malnutrition » Increased alcohol (androgen deficiency
» Low socioeconomic » Impaired cognition intake or IGF-1)

position » Depressive symptoms » Micronutrient deficits
» Living alone « Polypharmacy (low carotenoids,
+ Loneliness vitamin B6, vitamin D,

or vitamin E)

‘igure 3: Risk factors for onset or progression of frailty




Nutritional interventions to
prevent and treat frailty
Cruz-Jentoft A, Woo J

Current opinion in clinical nutrition anc
metabolic care

2079 vol, 22 {3) pp. 191-195

KEY POINTS

» Poor nutriion, especially in terms of enargy, protein,
and cerlain micronutrient intake, reprasents a |-Lﬂ1_||’ factor
in the pathophysiology of frailty.

e Adequate nutrient intoke may prevent the onsel

of Frailty,

e Intervention consisting of nutrition, with and without
exercise, is effective in frailty and sarcopenia, uHht}ugh
the evidence base is currently limited, and there are
several randomized controlled trials in progress.

e On the basis of current evidence, public health
recommendations may be made, to be implemented on
an individualized basis.




The New Geriatric Giants
Morley J

Clinics in Geriatric Medicine
2017 vol. 33 (3) pp. XiI-XIi

Improve Musculoskeletal function, mobility and vitality

Maintain sensory capacity

Prevent severe cognitive impairment and promote psychological well-being
Manage age-associated conditions such as urinary incontinence

Prevent falls

Support caregivers




Age-related changes

+ Mitochondrial dysfunction

* Neurodegeneration

» Cellular senescence

« Stem cell decline

* DNA methylate and damage

*AUIopTRGY sunodnalties Altered energy metabolism > "
Stress responsive impairment J ! syndromes

Genes and environment « Chronic inflammation -

+ Cognition « HPA axis Physical | Disability

« Nutrition » Autonomic nervous system frailty sy

* Activity j | y
Neurological decline / -

Cognitive

Anabaolic harmone and decline > impairment

Chronic diseases

« Cardiovascular disease

» Hypertension

« Arthritis

» Diabetes

« Obesity

Figure: Model pathway for physical frailty
Reproduced from Michel et al'™ by permission of Oxford University Press. HPA=hypothalamic-pituitary-adrenal.
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The essence of frailty: A
systematic review and
qualitative synthesis on frailty
concepts and definitions

Junius-Walker U, Onder G, Soleymani
D, Wiese B, Albaina 0, et. al.

European Journal of Internal Medicine

clinical geriatric syndrame
2078 vol. 58 pg. 3-10
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Fig. 3. Core components and their descriptive criteria that define frailty.
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Review Article

Should we screen for frailty in primary care settings? A fresh perspective on
the frailty evidence base: A narrative review

Rachel C. ﬁ.mb&gtsheer‘l'l"', Justin J. Beilh;.r'*", Renuka Visvanathan™", Elsa Dent™",
Solomon Yu'*, Annette J, Braunack-Maver™'

Pros and Cons of Frailty Screening -
(following Wilson and Jungner)

[l?hammmmumnmmm ] ‘ [ me‘mm;:ﬂmm ] lmemm:::;n:mmﬁmwdﬂl

2 There should be an scospied theairment e pafients with ‘ Frrasity siatus s bes dhown i be resirsibie in mrullpls indthoagh fadly may be resrsed, here o fle evidenie o dale
rechoREed desass RC T hmugh sl aciiay imenenions o fong - isem impadion sScondan oulcaimes

|‘ [ Thans & & guarng Impesae i address bafly witen Ilhmmlﬂmﬂhﬂ;hmﬁJ

PIHNER Cire Prmay can 8 sackly Bocessdie oot nadresa i, ancdlipye seraiion naccess iagecic iealment

[ 3. Faacibtes bor 3 agnoss and heatmen should be-aviatia
et peopis tRstUEES

JM1MdhnWannﬂ1m] ‘ [ han; aperts balied i the exstEnce of a pre-rad stae ] | hTwhWﬂﬁgﬁ;F;w

[5 There shoukdbe asulatie 3 o examinaton ] ‘ [""‘"'““"E “‘:mEhﬂmwm] I'_ ‘mﬂnmmﬁ:n::;:sgrh@mm

] ‘ | These aré no known atdverse consequenas of scresring ] l Chider people don Irendly engage with B concasichiadly
andclien mjedt ihe iem in connecion wi fesssles

8. Theteat should b acceptabis 1o he populsion pirty

intmnl io decisred daeese. shoukibe adeguatel undersiood ranshon

7. The-naural history of the condibon, including deseloprnent fom | ‘ [ Wmﬂ%ﬁmmm ] [ W st hawe miach lo ieam-abiout e infiaces-of the faily ]
undemandng progessn

lhmmuum R — J‘_ l I prnciple, alirailolder pecdde are slgibie candiaies [ Thgmntﬁmwmﬂf:ﬂ;ru

g TMMHWMIMHMNB‘M? i Thesadencs tase on the cosm of the olal buedesol iy o
Sorean N iruars Deeent B! 0 Do costafeche g
pabienls fagrosed shauld be Brsomeialy balanoed n relagen ‘ ; el ol ' i " i It heath system and of mdiedual nieseerhors & al an earty

prssiie lmﬂ'ﬂm G 350wl sags

[ID Em#ﬁu#ﬂdhlﬂmmlﬂﬂt'ﬂlﬂ] ‘ [ Cionhireous case indmg b well weth epsing prerany cane l [ Primany cane is dready osethussed with the vwiume of l
kor &l project procenses snd sysems i iaalle] |

Fir. 1. Pros and cons of fralty serecning against the Wilson and Jungner principles.




All community-dwelling older adults (primary care)

Identify frailty or pre-frailty through Four systematic reviews™ " Accurate identification of frailty or pre-frailty
sereening and case identification in
primary care

Community-dwelling older adults living with frailty (interventions targeting the management of frailty in home or community settings)

Prescribe physical activity programimaes Three systematic reviews™ ™ {excluded: reviews on frailty Physical perfarmance (SPPB); gait speed; muscle Very low for all four outcomes
{resistance-based training, aerobic training,  prevention or with merged frailty and pre-frailty groups™*)  strength; mobility
or balance or coordination training)

Prescribe multicomponent physical Three systematic reviews™ * {excluded: reviews on frailty Disability; falls; balanice; muscle strength Very low for all four outcomes
activity programmes prevention of with merged frailty and pre-fraitty groups ™)

Provide community-based group physical  Systematic review of six trials of mild frailty or pre-frailty,™  Physical function; muscle strength; balance Very low for all three outcomes
activity classes and one systematic overview with one relevant trial™

Protein or protein-energy, micronutrient  Systermatic review of three nutritional trials, ™" and Frailty; physical performance; strength (leg or grip); - Low for all five outcomes
supplementation one systematic overview with one relevant trial* gait speed; physical activity

Provide individually tailored management  Systematic review of three trials of frailyy Frailty; ADL Low for both outcomes
of dinical conditions

Provide advice an health behaviour Systematic review of six education trials” Physical function Lo
improvement

Ensure practical sacial support Systematic review of 13 trials on enabling health-behaviour  Physical function Very low
change™

Madify home environment for health Systematic review of five trials™ Physical function; health behaviour Very low for bath outcomes
behaviour changs

Older adults with frailty in hospital (hospital care)

Ensure targeted care delivery thraugh CGA  Systernatic mapping review of eight studies covering CGA Physical function; readmission; emergency Very low for all sutcomes
intervention (CGA done in emergency intervention for older people with frailty " department readmission

department, short stay unit, or clinical

decision unit)}

Review medications vsing implicit criteria One systematic mapping review™* Prevention of emergency department readmission  Very low

Ensure patient is placed on a frailty-specific  One systematic mapping review''* Prevention of emergency department readmission  Low
care pathway

All intesvention strategies listed in this table have been reviewed for effectivensss in recent systematic and structiined reviews; intervention strategies without systermatic review appraisal were not included.
Reviews were only listed if their included studies defined frailty using objective measurement. regardless of whether they had the ward frall in their title. All strategies and outcomes listed have been found to be
superior to wsual care; strategies and outcomes not thowing consistent or subsstantial evidence of benefits compared with usual case have not been included. Cortainty of evidence was defined according to
GRADE criteria’ as applied by the authors: high (further research is very unlikely to change our confidence in the estimate of effect and there are no suspected biases); moderate (further research will likely change
our confidence in the estimate of effect and may change the estimate); low (further research is very likely to have an important impact on confidence in the estimate of effect, and is lkely to change the
estimate); very low (any estimate of effect is uncertain), The search for rebevant reviews was based on a quasl-systematic review, and thus the list of interventions might not be exhaustive. CoA=Camprehensive
Geriatric Assessmant, ADL=activities of daily living. IADL=instrumental activities of daily living, SPPB=Shart Physical Performance Battery test, *Although these systematic reviews combined results from older
adults in gemeral and those with frailty, this table shows trial results for these with Frallty enly.

Table 2: Single strategies superior to usval care for management of frailty, by target population

wwwithelancet.com Vol 394 October12, 2019
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Intervention

Result

A focused effort over 10 pears to screen for frailty in primary care, with those identified as pre-frail or frail refarned to
A group comimunity programme involving physical activity, matrition, and social participation®

The Hong Kong Jockey Club CADENZA project imple men ted a community frafity prevention project that has had
astrong response rate;” the propect has been running for over 9 years and involves the integration of health
and social care, provision of caregiver support, and community group classes involving physscal activity™

The Seniors’ Community Hub™ builds capadity in primary care to address the health and social needs of oldér adults

with frallty, including encompassing the needs of the older person with frailty in terms of their Intrinsic capacity and
fraifty lmwals

Thie MHS General Practice contract for 2017-18 requires practices to identify adults aged b5 years and older with
severe of modesate frailty according to an eFl based on routine primary care coding this identification is paired with
a clinical review mooaporating medication and falls reviews, and activation of a care summary record*

Singapoce  The Ministry of Health has implemented a Stver Genaration Ambassadors programme, which inteqrates health
and social services to suppart sesiors, specifically targeting older adults with frafn®

hH5=Mational Health Senvice. eFl-Electronic Frafty Index.

Substantial functional improvements in the population®

Mot yet evalupted Inthe academic Bteratune

Improvements in guality of life and functional maintenance
of improvernents in people with frailby™

Effects on chnical outcomes have yet to be evaluated,

and might heldp to clarify whether the eFl & generalisable to
primary care in terrms of acceptability, feasibility,
interpretation, and imglementation™

Mot yet evaluated in the academic Kterature

Tuble 3: Selected examples of frailty-specific interventions that focus on health-system targets, by location
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Figure 2 Representatie chan of components of body compostion messured by dual X-ray absorptiometry {DXA] and Dy-creatine dilution. DXA pro-
wides a direct measure of bone and fa1 mass, but nat muscle mass. In subjects whare both DA astimates of lean mass and muscla mass by D.-Cr dl-
lution. While each cormponent of body composition varles by age, =ex, and medical condition, muscle mass is about 50% of lean maszs. The non-muscle
components of lean mass s termed residual lean mass, '™

I~ Directly Measured Bone
Mass (DXA)

Fat Mass (Directly
Measured DXA)

Lean Body Mass (DXA)

Residual Soft Tissue

Directly Measured
Muscle Mass (D,-
Creatine Dilution)
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Figure 3. Muscle strength and the life course. To prevent or
delay sarcopenia development, maximise muscle in youth and
young adulthood, maintain muscle in middle age and minimise
loss in older age




