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High and stable capacity

Declining capacity

Significant loss of capacity

Functional ability

Intrinsic capacity
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100% of Muscle Mass

AR SEFEFERIS =M &

Per decade
from 40-70

100%

90% —

80%

Per decade

afterage 70
70%
60% -
S0%
40% d é} A?
Age > 25 yrs 40 yrs 70 yrs 80 yrs

http://www.theorganiccompoundingpharmacy.com/all-adults-should-take-this-before-bed/

<70%: Zone where
risk of death is high
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Male — 24 yrs Male — 66 yrs Male — 66 yrs
Body mass — 76kg Body mass — 81kg Body mass — 79kg
Fat mass — 10kg Fat mass — 57kg Fat mass — 34kg
Fat free mass — 57kg Fat free mass — 13kg Fat free mass — 36kg
Average daily steps = 3141 Average daily steps = 12445
PA >3MET per/day = 22mins PA >3MET per/day = 130mins

Michael MclLeod et al. Biogerontology. 2016 Jun;17(3):497-510
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Michael MclLeod et al. Biogerontology. 2016 Jun;17(3):497-510

Figure 1:
Age-related Changes and Mechanisms Involved in Muscle Tissue

Sarcopenia is associated with muscle tissue changes such as a decrease in the number and
atrophy of type Il skeletal fibres, while type | fibres are more preserved. Méchanisms involved
in muscle aging include motor unit changes, inactivity, and the dysrequlation of muscle
protein synthesis and apoptosis.

s = Cell body of neuron

Satellite cells

~ Motor neuron

\!

~ \\, Branches of
QA

\\ molor neuron
= —

Muscle fibre atrophy (type lla and I1x) I~ The aging process is
=z v . g associated with a 25-50%

» type | _ ‘ { . / reduction of the a-motoneurons
:l g / (a-MN). Small MN which are more
type lla A y preserved than large a-MN continue
" 4 to innervate type | fibres.
type Ilx

27 years old 77 years old

Over many years, small MN will take over Muscle fibres
(sprouting phenomenon) and innervate
orphan type |l muscle fibres, which will
become type | fibres. Eventually,
howaever, these new giant motor units
are lost and, beyond a certain
threshold, this loss will lead to a X

functional impact. MOTOR UNIT

Source; Photographic images drawn from Lee WS, Cheung WH, Qin L, et al, Age-associated decrease of type 1| A/B human skeletal muscle fibers. Orthop
Relat Res 2006;450: 231-7
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5818

Median Survival, y

Studenski S et al. JAMA. 2011 Jan 5;305(1):50-8.

25+

20+
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10+

Gait
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Median Survival, y
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ANAME

Sarcopenia
ICD-10: M62.84

Age-related progressive and
generalized skeletal muscle disorder

that involves the accelerated loss of
muscle mass and function

Cruz-Jentoft AJ, Sayer AA. Lancet. 2019;393(10191):2636-2646.
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= N
IlREA & AR ZE aEN A E
Low muscle mass Low Muscle Strength Low Physical Performance
ASM/height? by DXA and BIA By handgrip (1£77) or/ One of the following criteria
7.0k 2 f DXA/BIA + o N
< g/m? for men (DXA/BIA) <28 kg for men and | N OZERRIERE <1 0 m/s

< 5.4 kg/m? (by DXA) o D RILMEFRE>12s
< 5.7 kg/m? (by BIA)

< 18 kg for women
for women

e SPPB<9

BENVE IR Ae+ ILAOAE+ FETIAE
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SHORT PHYSICAL PERFORMANCE BATTERY (SPPB)

ASAT =5
1.EEAIE - MA=ERREINE - SEIST107 - FEA=EME/NS 2LET -

A 36 HF 85 T . O 1% : Ri510%
(Side-by-side stand) o @ ] 043 : 2bpR10%

O 1% : RF10%
] 043 : R10%

B. I HEUL I7
(Semi-tandem stand)

Short Physical Performance Battery
(SPPB)

0245 : RF10™
015 : £R$F3-9.99%
005 : RIF<3M

C.EARULYL
(Tandem stand)

e
&
%
¢

=ENE 52BN

[ 453 : <4.82%
] 373 : 4.82-6.20%

2. LTEEAGE  AEEMNARAVESRE ] 253 : 6.21-8.70%
1% : > 8.70%
[ 0% : #MASTAL
145 : <11.19%
134 :11.2-13.69%

3. 45 FEEDN A ; EMAREEIT AL T A RIS 024 : 13.7 —16.69%
015 : 16.7 —59.9%
105 : > 60 ERImIASE A

w5

- #5EREA
(] 10-1253 : TT8h8EED
[J 0-9%3 : 1TT8hBEPE






LD REROERE

HOSPITAL

@ dreamstime.com ID 141652356 © Tartilastock

05 s 2




#1 [ AL/ e B A

AlEiEfmERs BAE/INBEESEAYIHR TS




#1 [ AL/ e B A

MREBZRBLUTER

=F ZX% NEEEM <34 - X< 33270
GES S0 AL/ RERTfE T B SARC-F > 4
« AL/MEFEL T B SARC-CalF > 11

| |
" . A (8H) SEBNAE
SL (L A (BM<28 kg, U <18kg) OF s RFBIEEIE (> 12 )

| |
!

@‘_ “Possible sarcopenia”
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« IEE P& ; FBER/RE B8 & R

o DVBEARE - FRATHEERERE

- JEE YA - =& KN ERepeated falls; Malnutrition
cZEEMER (LR EMEEMNRE  BRERS)

([EEE

* NEEEIEM <3407 - X< 3380
® /D EREfH T B SARC-F > 4
® I /MEREfE T B SARC-CalF > 11

!

B A7
(EE<28 kg, ¥ 14<18 Kg)

& ENINAEE

_\_/'\ Q\ =
=] N s NARERZEE <1m/s
A& 75 5A — or hFEUSAIET (> 12 )
or SBBPiShort Physical Performance Battery) (< 9)
IMAZE

-DXA ( Dual-energy X-ray absorptiometry ) (M< 7.0 kg/m?, F< 5.4 kg/m?)
-BIA ( Bioelectrical impedance analysis ) (M< 7.0 kg/m?, F< 5.7 kg/m?)

|
! '

A e EBENDIE

Low skeletal muscle mass + low muscle strength Low skeletal muscle mass + low muscle strength

—

OR Low physical performance AND Low physical performance
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% Loss of LBM

Associated complications

10%

e Decreased immunity
e Increased risk of infection

e Decreased wound healing
e Increased muscle weakness
e Increased risk of infection

e Too weak to sit
® Pressure ulcers
e Pneumonia

e Lack of healing

® Increased risk of death,
usually from pneumonia

Limited activities

of daily living

Lowered

quality of life

Demling RH. Eplasty. 2009,9:65-94
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1,292 noninstitutionalized subjects (>60 years);
EWGSOP2 definition

Prospective cohort study

%
/%

—% —%

Nathalia Perleberg Bachettini et al. Eur J Clin Nutr. 2020 Apr;74(4):573-580.

Severe Sarcopenia
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Prospective cohort study Sarcopenia and 2-year risk of falls in a population of persons aged over 80(N=260 )

(iISIRENTE Study) 25.4% participants diagnosed sarcopenia

Risk of falling

h

After adjusting for age, gender, cognitive impairment, ADL impairment,
sensory impairments, BMI, depression, physical activity, cholesterol, stroke,
diabetes, number of medications, and C-reactive protein

Landi F et al. Clin Nutr. 2012 Oct;31(5):652-8
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Meta-analysis 7 cross-sectional studies(5,994 subjects)

OR: 2.246 I
|I|III

B
Study name OR and 95% CI
Odds Lower Upper Relative
ratio limit limit weight
Huang CY (2016) 1.500 0.642 3.503 B 16.55
Tolea MI (2015) 3.460 1.05911.309 B 12.77
Kim JK (2014) 6.350 1.62024.890 - 11.06
Hsu YH (2014) 3030 1.627 5.641 -+ 19.34
Alexandre Tda S (2014) 2.680 1.230 5.840 B 1740
Abellan van Kan G (2013) 0.970 0.730 1.289 -.— 2287
2246 1210 4.168 i

01 02 05 1 2 § 10

Fig. 2. Forest plot of the (A) crude and (B) adjusted associations between sarcopenia and cognitive impairment.

Chang KV, et al. ] Am Med Dir Assoc. 2016;17(12):1164.e7-1164.e15.
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Muscle atrophy-related myotube-derived exosomal microRNA in

neuronal dysfunction: Targeting both coding and long noncoding
RNAs

miR-29b-3p
-2 = r p
'm:’ph'\ = Education .209 376
miR-29b-3p Grip strength .005 984
.FOS BCL-2 Walking speed -.172 469
1 mu LBM - 369 110
LAMCI
HIF1a-AS2

1 l ASM - 416 068
Neuronal differentiation RASM -.499 025
| MMSE -.048 840

Yang CP, et al., Aging Cell 2020;19:e13107
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resistance training programs lasting > 8 week (>65 year old)

BRI EE (22 (e, diagnosed with (pre) sarcopenia and (pre) frailty

E7] FEZALT] AMRN=

Effective Size 0.51 0.93 0.75 0.68 0.29
95% CI (95% Cl: 0.23- 0.78) (95% Cl: 0.64- 1.22) (95% CI:0.49-1.02) (95% Cl: 0.23- 1.13) (95% Cl: 0.12- 0.46)

P Value 0.001 <0.001 <0.001 0.007 0.002

Karolina Talar et al. J Clin Med. 2021 Apr 12;10(8):1630.
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A. Adequate Protein Distribution B. Inadequate Protein Distribution

Maximal
Protein
Synthesis

Breakfast Lunch Dinner Breakfast Lunch Dinner

~30g ~30g ~30g ~10g ~20g ~60g
protein protein protein protein protein protein
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Leucine(H IZE&)
Isoleucine(£HIZEL)
Valine(%f Rz &)
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HiZEE (Leucine)9{CHEIZEY : HMB

Lean body mass is maintained by HMB during 10 days of bed rest in elderly women

Change in total lean mass (kg)

1_

0.5 -

p=0.04

0
-0.5 A
-1.0
-1.5 A
-2.0

-2.5

-3.0 -

Bed rest 10days

b/ Control
B HMVB

Bed rest 10days +
resistance training(8 wk)

HMB (B-hydroxy-B-methylbutyrate) : a metabolite of Leucine

Deutz NE et al. Clin Nutr. 2013:32:704-12.
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Vitamin DOJ AFEFA AL/ ERY 35 4

EiRofEia P EERBINEFLIEFEME

=+
A5

1. W Fvit DEYE E A E RS oD BRI A9 A B
2 EREMER T - #FTvit DEVESF ARStype Il fiberBAEEIENN - T

ZRBIRVEF Aftype II fiberEEE

Hoh48iI g KffFvitamin D2 1000IU, 54 M 81l 7t &2 &

R EVAAEE T BF

Falls Before therapy With therapy
(8 weeks) (2 years)
Placebo  Vitamin Placebo  Vitamin
group D, group group D, group
0 23 24 9 32
1 15 14 8 6
2-5 10 10 13 5
6-7 0 0 10 0
>7 0 0 2 0
‘Total 46 a4 36 22
' Fallers 25 24 33 11 i

Al

Placebo Vitamin D, p value
group group

Muscle strength on intact side

Baseline 4.6+1.5 47+1.8 0.81°

2 years 3.5+1.32 6.9+1.17

Change from baseline, % -28.2%+12.1 56.5+40.5 <0.01
Routine ATPase
Mean type I fiber diameter, pm

Baseline 50.8+3.6 50.8+3.3 0.98°

2 years 49.2+2.6 49.3+29

Change from baseline, % -2.9+6.8 —-2.7%x6.9 0.93
Mean type II fiber diameter, pm

Baseline 12.7+2.8 12.6+2.9 0.89°

2 years 9.8+2.3% 24.3+x4.4*

Change from baseline, % -22.5*+6.7 96.5+26.7 <0.0001
Percentage of type I1 niber

Baseline 7.0+1.9 7.0+1.9 0.92°

2 years 5.3+1.82 20.4+ 3.5

Change from baseline, % -24.8+9.0 202.4+65.0 <0.0001
Serum 25-hydroxyvitamin D, ng/ml

Baseline 9.8+1.3 9.8+1.2 0.95°

2 years 5.3+1.12 33.4+3.32

Change from baseline, % -25.0x9.0 246.2+69.0 <0.0001
Serum ionized calcium, mEqg/1

Baseline 2.65+0.03 2.65+0.03 0.84°

2 years 2.64+0.03 2.64%+0.03

Change from baseline, % -0.2%+0.3 -0.2%+0.3 0.81
Serum parathyroid hormone, pg/ml

Baseline 18.4+2.4 18.5+3.0 0.91°

2 years 21.6+2.12 21.7+2.4%

Change from baseline, % 17.6 5.5 18.5%+8.5 0.68
Serum 1,25-dihydroxyvitamin D, pg/ml

Baseline 21.8%+5.3 22.0x£5.3 0.86°

2 years 19.7+4.72 32.6+5.72

Change from baseline, % -8.2*+14.4 51.9%+17.2 <0.0001
Serum creatinine, mg/dl

Baseline 1.2+0.2 1.2+0.2 0.92°

2 years 1.3+0.22 1.3+£0.22

Change from baseline, % 11.4%+19.9 11.7x16.1 0.75

Cerebrovasc Dis. 2005:20:187-192, *°




Salmon
302=794 IU

Fortified cereal

1 cup = 40108 Y Fortified milk

1 cup =120 U

EY)PRY

Vitamin D
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Bone mass
(total mass of skeletal calcium in grams)
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FER
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https://www.yehclinic.com/osteoporosis-screening/




Fracture Risk Assessment Tool (FRAX)

A LABRERAIR IR+ FE B EIRIEE

FRAX ® FRAXBHEBHETE

BH AHEIR v BEER FREA 2EEN CE Mark REPX

sfREIR

AEE TIIMEMGT EEHBBMDI+E B iR

Bx: &% #§%:| CC BRGRET
SEH 10. EEMBERBE ®z Oz EEny
1. Fie (40290 2fE) - SHHAEBM 11. SAKEEE3EME @z Og a e 4F
Fie: A BHR: T Tr—
. RBSEBHEE(BMD
w1077 | B:[11 | ®:[17 T
2. 15 Ot ©xm | & V][0
5. (3 Z
BeiaE
4. 58 (29) 164
BML: 19.3 g B o A%
5. BEBRE Ox @= The ten year probability of fracture (%) Y
6. RBREEH @= 2
Major osteoporotic
7. BRIMREE @z Ogr
Hip Fracture
8. FERE @z Og 00972550

9. MREMEAEIR (OFS 2 If you have a TBS value, click here: alsr;c;i:isc!elzjalssinvgietzh‘lfsrfiur:: 2;:1 https -//frax sh ef ac uk/FRAX/tool aspx ?lang —ch
. . .ac. . ! =cn
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g5 E%%MW{%(DXA Dual-energy Xray Absorptiometry)
ZENEBEMRENEEESE, EnREENRERE

TR - BEEE

SD:IZE¥ =

iE = BEBEANSRE LBEEEZEL -
(T % > -1SD)
B 5 iR BETENRALEHE2. 5EE%E

(osteopenia) E2R9(-2.5SD < TH 8 < -1SD)

BEEBIRLE BEBEINRE25EEEEUTE
(osteoporosis) (7% <-2.55D)
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no deformity
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For optimal maintenance with aging, it is important to

build muscle and bone when young, maintain it in mid-life, and
minimize loss in older adulthood

i B i B e s

Muscle mass
and bone mass

Childhood/
young adult

Mid-life

Older
adulthood

Sayer AA, et al. J Nutr Health Aging. 2008;12:427-432.
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