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The 2021 Ageing Report: Economic & Budgetary Projections for the EU Member States (2019-2070). European Commission, 2021.



HEALTHY YEARS?

EXPECTANCY (YEARS) AT AGE 60

At age 60, the gap for
men was 4.1 years and

for women 5.3 years.

2000 2005 2010 2015 2019

Women LE
—1a Men LE

§—8 'Women HALE
—a Mamn HALE

By 2019, this increased
to 4.7 for men and

6.0 years for women.

Decade of healthy ageing: baseline report. Summary. Geneva: World Health Organization, 2021.
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AGEING OF MUSGLES
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AGEING OF MUSCLE FIBERS
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Grosicki et al,, J Physiol, 2022.
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SARGOPENIA

The European Working
Group on Sarcopenia in

+ The Global Leadership Initiative
in Sarcopenia (GLIS) published
findings from a Delphi Consensus
study on the conceptual definition

The International Working Older People-2 (EWGS0F of sarcopenia
_ Group on Sarcopenia published a revised
= Term ‘sarcopenia’ (IWGS) (in the USA) CONSATET=defirdlion that = The Australian and New Zealand
first coined in the published a consensus employed population-based Society for Sarcopenia and Frailty
late 1980s definition that endorsed cohort data to identify Research (ANZSSFR) Sarcopenia

» First definition specific cut-off points for low cut-off points for low lean agnmis and Management T“'k-
of sarcopenia appendicular lean mass mass, muscle strength and brge presented 17 recommendations SARC-F WIS no e
published in 1993 index and slow habitual gait physical performance and atgted the EWGSOP2 or clinical rescrean later
speed sarcopeninefinition suspicion
POSITIVE
Pre-2010 2010 20M 2014 2019 2020 2023 2024 OR PRESENT
Muscle strength [LUEMY No sarcopenia;
10 SIMenG
rescreen later
« A spacial interest group of the European + The Asian Working Group for Sarcopenia « AWGS published a revised consensus
Society for Clinical Nutrition and (AWGS) published a consensus definition with revisions to their In clinical practice
Metabolism (ESPEN) published a definition including recommended diagnostic algorithm, protocols and this is erough o
consensus definition focused on loss cut-off points for low lean mass, low grip sOMme criteria S““"”‘P""E' trigger assessment of
of muscle mass and strength strength and slow gait speed + The Sarcopenia Definitions and probable causes and start
* The European Working Group on + The Foundations for the National Outcomes Consortium (SDOC) intervention
Sarcopenia in Older People (EWGSOF) Institutes of Health (FMNIH) project on published a definition including cut-off
developed and published a consensus sarcopenia produced a definition based points for low grip strength and Muscle quantity [
definition focused on low lean mass and on findings from pooled analyses of slowness established using or quality
low muscle strength or physical large epidemiological cohorts of older Classification and Regression Trea DXA; BIA, CT, MR
performance women and men focused on low lean (CART) analyses
mass and strenath
Sayers et al, Nat Rev Dis Primers,  Table 3. EWGSOP2 sarcopenia cut-off points Sarcopenia
confirmed
2024.
Test Cur-off points for men Cut-off points for wo References
EWGSOP2 sarcopenia cut-oft points for low strength by chair stand and grip strength @ Ph}FEiEﬂl
Grip strength =27 kg =16 kg Daodds (2014) [26] Performance
Chair stand =15 s for five rises Cesard (2008 [67] Gait speed, SPPB,
EWGSOP2 sarcopenia cut-off poines for low muscle quantity TUG, 400m walk
AsM =20 kg <15 kg Studenski (2014) [3]
ASM/ height” <7.0kg/m’ <6.0 kg/m” Gould (2014) [125]
EWGSOP2 BATCOPErL cut-off [rOInES for lovw pl_'rfurm:mcr: .
Gait speed =0.8m/s Cruz-Jentoft (2010) [1] Cruz-Jentoft et al,, Age Agelng, 2018
Studenski (2011) [54]
SPPH =8 point score Pavagini (2016) [90]
Guralnik (1995) [126]
TUG =205 Bischoff (2003) [127]

400 e walk test Non-completion or 26 min for completion Newman (2(06) [128]




MUSCLE POWER (KNEE EXTENSORS)

POWER FORCE
SEX Men (>45y) -14%[year  -1.0%/year
7,007 * Women
Men Women (>45y)  -1.9%/year  -14%[year
~-~Women
~~Men
§ e Muscle architecture
é | CSA
S | penrption angle
o | fascicle length
5 00— Changes in fiber type
: Neural adaptations
| motor unit recruitment
| MU discharge rate
: T antagonist co-activation
4,00— ! | l | ! !

l
10 20 30 40 50 60 70 80
AGE

) Baroni et al,, J Appl Biomech, 2013; Deschenes, Sports Med, 2004;
van Roie et al, Exp Gerontol, 2018. Kiass et al, J Appl Physiol, 2008; Lexell, J Nutr, 1997.



MUSCLE POWER (KNEE EXTENSORS)
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Alcazar et al,, J Cachexia Sarcopenia Muscle, 2023.




MUSCLE FUNCTION & FUNCTIONAL CAPACITY

Journal of Gerontology: MEDICAL SCIENCES
2003, Vol. 58A, No. 8, 728-733

A Comparison of Leg Power and
Leg Strength Within the InCHIANTI Study:
Which Influences Mobility More?

Jonathan F. Ble.‘:m,l’2 Suzanne G. Leveille,” Dan K. Kiely,2 Stephania Banclinelli,3
Jack M. Guralnik,* and Luigi Ferrucci®”

Functional Measure Impairment R?
SPPB (0-12) Lee power (Watts) 35
Hip strength (N) 30
Knee strength (N) 28
Stair climb (s) Leg power (Watts) 44
Hip strength (N) .39
Knee strength (N) 38
Habitual gait (m/s) Leg power (Watts) AT]
Hip strength (N) 38
Knee strength (N) .36
Balance Lege power (Watts) .29
Hip strength (N) 27
Knee strength (N) 26
Chair rise time (s) Leg power (Watts) 27
Hip strength (N) 27
Knee strength (N) 26




MUSCLE FUNCTION & ALL-CAUSE MORTALITY
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Li et al., Med Sci Sports Exerc, 2018.



MUSCLE-ORGAN CROSSTALK
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HEALTHY LIFESTYLE

hplr (@

TRAIN EAT

ma (G
e Z
= \&

SLEEP REPEAT




RESISTANCE TRRINING

(> Y
O Adaptations to RT and AT

Glucose Homeostasis

& Adaptations to RT

L(:) Adaptations to AT

J

Mitigating Decline in
Muscle Mass

Cognitive Function '
Function

Muscle Strength Mobility

Mitochondrial
Function

0
Overall Health
\ ’ 2 Improvement

Abou Sawan et al., Exercise, Sport, and Movement, 2023.

Physical exercise
» High intensity

Body Composition

Cardiorespiratory

» Mechanical load - high-impact
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The net result (formation vs resorption)
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Kirk et al, Nature Reviews Endocrinology, 2025.




lzquierdo et al., J Nutr Health Aging, 2025.



RESISTANCE TRAINING: NEVER TOO LATE!

71-year-old female world champion powerlifting
in comparison to age-matched female reference participants

Skeletal muscle mass index 1RM leg press

7.9 kg:m*? 190 kg

5.9 (5.7 t0 6.2) kg:m @ 140 (132 to 147) kg

z. 1.9 z:24

Quadriceps muscle CSA Handgrip strength
64 em? ' 33 kg

47 (45 to 49) cm? @ 25 (23 to 26) kg

z:23 z: 1.5

Type Il muscle fiber CSA MVC 90° extension
4536 pm? 169 Nm

3097 (2707 to 3488) um? +46% @ 79 (70 to 87) Nm

o B z. 6.6

Type Il muscle fiber distribution MVC 90° flexion
64 % ‘ 57 Nm

42 (36 t0 48) % +51% +66% 35 (29 to 40) Nm

z2 1.6 z.2.6

Fuchs et al,, Int J Sports Nutr Exercise Metab, 2024.

After 12 weeks of whole-body resistance training:

AGED 65-75 vs. AGED 85+

QUADRICEPS CSA

MUSCLE SIZE  4+10% ’ +11%

STRENGTH 4387, g? +46%

1-RM LEG EXTENSION

FUNCTIONAL
PERFORMANCE *+8%

TIMED UP-AND-GO

+13%

Data from: Marzuca-Nassr GN et al.
Int J Sport Nutr Exerc Metab. 2023.

Jackson Fyfe, PhD @jacksonfyfe



RESISTANGE TRAINING GUIDELINES

On at least

muscle-
strengthening
activitles at
moderate or greater

Intensity that
dEyE Involve all major
a week muscle groups.

_'".I.lql.r'-'_

| On at least

varled

multicomponent

physical activity that

emphasizes functional

balance and strength
d ay5 tralning at moderate
a week or greater Intenslty.

-\

For additional health benefits:

» Older adults should also do muscle-
strengthening activities at moderate
or greater intensity that involve
all major muscle groups on 2 or
more days a week, as these provide
additional health benefits.

Strong recommendation, moderate certainty evidence

» As part of their weekly physical
activity, older adults should do varied
multicomponent physical activity that
emphasizes functional balance and
strength training at moderate or greater
intensity, on 3 or more days a week,

to enhance functional capacity and
to prevent falls.

Strong recommendation, moderate certainty evidence

The Journal of Nutrition, Health and Aging 29 (2025) 100401

Contents lists available at ScienceDirect

The Journal of Nutrition, Health and Aging

journal homepage: www.elsevier.com/locate/jnha

Review

Global consensus on optimal exercise recommendations for enhancing
healthy longevity in older adults (ICFSR)

Mikel Izquierdo ™ *, Philipe de Souto Barreto “*“, Hidenori Arai ®, Heike A. Bischoff-Ferrari ',
Eduardo L. Cadore #, Matteo Cesari ", Liang-Kung Chen', Paul M. Coen’, Kerry S. Courneya “,
Gustavo Duque ', Luigi Ferrucci™, Roger A. Fielding ", Antonio Garcia-Hermoso ™°,

Luis Miguel Gutiérrez-Robledo “, Stephen D.R. Harridge ", Ben Kirk 9, Stephen Kritchevsky ’,
Francesco Landi ™", Norman Lazarus”, Teresa Liu-Ambrose ", Emanuele Marzetti ",

Reshma A. Merchant ***, John E. Morley *, Kaisu H. Pitkil4 ", Robinson Ramirez-Vélez ",
Leocadio Rodriguez-Mafias ™, Yves Rolland ““, Jorge G. Ruiz”, Mikel L. Sdez de Asteasu ™",
Dennis T. Villareal °, Debra L. Waters “”, Chang Won Won ", Bruno Vellas ““,

Maria A. Fiatarone Singh "

Optimal Exercise Prescription Changes over Time

PRT AND BALANCE/GAIT

#i g
c ' > -
é 43 ) } Anosuc AND PRT

' LI ’

AERC)BIC

AGE

FRAILTY / SARCOPENIA / CO-MORBIDITIES

WHO guidelines on physical activity and sedentary behaviour. Geneva: World Health Organization; 2020.



Borg’s Rating of Perceived Exertion (RPE) Scale

Perceived Exertion Rating | Description of Exertion
6 No exertion; sitting

and resting
7 Extremely light
. : S
o Very light
10 f
1 Light
2-3x/week s
¢ —oX/Wee 13 Somewhat hard
P 14 TRAINING PRINCIPLES
———r 15 Hard
« Progressive ‘overload’

 Specificity

Progress to 7/0-80% 1-RM ~ RPE 15-18

Al

» Power exercises 40-60% 1-RM ~ RPE 13-15 UNDERTRAINING
more dangerous than
OVERTRAINING!

- « 1-3 sets
« 8-12 repetitions
m « 6-10 exercises, large muscle groups, multi-joint

Izquierdo et al., J Nutr Health Aging, 2025.



HIGH LOADS NECESSARY?

« Contra-indications?
 Older adults afraid
- Therapists/coaches too hesitant

//\ UNDERTRAINING!

—_




HIGH LOADS NECESSARY?

“It does not require a maximal or near maximal load to recruit a large amount of
muscle fibers. It simply requires a (near) maximal effort, which occurs near or at

the end of any commonly used RM performance.”
(Carpinelli, 2008)

Tension

+ } f Time—>»
Motor Motor Motor
unit 1 unit 2 unit 3
recruited recruited recruited
(small (medium (large

fibers) fibers) fibers)



STUDY - HIGH V5. LOW LORADS

< PRE >< 12-week training (3x/w) >< POST >< 24-week detraining >< FU >

80% 1RM 80% IRM

80-100
reps

LOW

20% 1RM

Experimental Gerontology 48 (2013) 1351-1361

Contents lists available at ScienceDirect

Experimental Gerontology “

journal hemepage: www.elsevier.com/locate/expgero

Strength training at high versus low external resistance in older @Cmsmm
adults: Effects on muscle volume, muscle strength, and
force-velocity characteristics

Evelien Van Roie **, Christophe Delecluse ¢, Walter Coudyzer ®, Steven Boonen €, Ivan Bautmans ¢

EEsimm
Experimental Gerontology I“

Volume 98, November 2017, Pages 30-37

Training load does not affect detraining's
effect on muscle volume, muscle strength
and functional capacity among older adults

Evelien Van Roie @ & &, Simon Walker °, Stijn Van Driessche @, Remco Baggen ¢,

Walter Coudyzer €, Ivan Bautmans 9, Christophe Delecluse ®




RESULTS — MUSCLE VOLUME
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RESULTS — MAX. UOLUNTARY ISOMETRIC CONTRACTION
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RESULTS — 9-REP STS TEST

—HIGH —LOW

Pre Post Follow-up

A% chair stand

-10 -

-15 -




I.nw I-DAD Fink et al. 2016a * - ' -0.02[-0.76, 0.73]

Fink etal. 2016b = i -0.28 [-0.90, 0.34]

Hisaeda et al. 1996 = - = 0.09[-0.74,0.93]

Mitchell et al. 2012 b - { 0.01[-0.56, 0.57]

Ogasawara etal. 2013 ¢ * { -0.00 [-0.65, 0.65]

. . e o . oy 0 . Popov et al. 2006 : - | 0.39[-0.26, 1.04]
 Similar training volume and until volitional fatigue:  cievedetaizos — S U368 0821

Tanimoto etal. 2006 ; -0.06 [-0.76, 0.63]
Tanimoto et al. 2008 — ' 0.18 [-0.38, 0.75]
Van Roie et al. 2013b —— 0.02 [-0.35, 0.39]

Overall ES . 0.03 [-0.16, 0.22]

High and low load equally effective fglgertro h

(Alegre et al, 2015; Bemben et al, 2000;Schoenfeld et al., 2017;
Van Roie et al, 2013)

| | | I | 1
-1 05 0 05 1 15

Favors Low Load <---  ---> Favors High Load

High load: greater gains in 1-RM, but not in non-specific strength

(Anderson & Kearney, 1982, Campos et al, 2002, Holm et al, 2008, Mitchell et al,, 2012, Schoenfeld et al., 2014,
Van Roie et al, 2013)

High and low load equally effective for functional capacity
(Steib, Schoene, & Pfeifer, 2010; Van Roie et al,, 2013)



DETRAINING

~» Muscle strength and functional capacity remain elevated after up to 6
months of detraining

_* Muscle volume returns to baseline levels (dlreody after 3 months)

Long-term improved muscle quality

(Bickel, Cross, & Bamman, 2011; Buendia et al, 2025; Correa et al, 2013; Hakkinen et al, 2000; Henwood & Taaffe, 2008;
Ivey et al, 2000; Kennis et al., 2013; Taaffe & Marcus, 1997; Trappe et al., 2002; Van Roie et al, 2013)



REDUCED TRAINING FREQUENCY

Quadriceps cross-sectional area (em?) VL+VI CSA (4% week 12-36)
34 1 (vLevn) t . 10
32
S
30 B
{ wipee RST ‘
28 C —/—3
——
26 -
«+sh++ CON 5
24 4
22 4 -10
— divergent training
o L
| J 4
0 12 36 15
A Week B RST ST CON

Figure 3. Quadriceps cross-sectional areaload (mean * SD) throughout the study (A) and relative changes (B) (A%; mean * SD) during the divergent training
frequency period. RST = reduced strength training group; ST = strength training group; CON = control group. ip = 0.05 compared with week 0. For clarity,
there are no SD bars for the control group.

Walker et al, J Strength Cond Res, 2018.



RETRAINING

360 -
340 - | EXE
320 - . - b

04 0 &+t T

2680 - me.

260 -
240 -
0 4 8 12 16 20 24 28 32 36 wks
Training Detraining Retraining |

1RM leg press (kg)
A H
o

Fig. 3. Knee extension strength and power changes with training (T), detraining (D) and retraining (R). Values of (a) static peak torque, (b) peak power and (c)
isokinetic peak torque are estimated marginal means + SEM. Transparent dots are means of the CTR group (n = 10). Filled dots are means of the EXE group (n = 30
with missing data reported in Fig. 1 and Section 2.2). Within-EXE time effect: significantly different from the indicated time point at the level of: * p = .001, #
p = .01, Ap = .05. There were no significant differences within CTR. Between-group effect: there were no significant differences between EXE and CTR. (d) Values of
1-repetition maximum are estimated marginal means + SEM of the EXE group (n = 30). Time points indicated with the same letter are not significantly different
from each other. All other time points are significantly different at the level of p = .001 (except week 12 vs week 32: p = .028).

Blocquiaux et al.,, Exp Gerontol, 2020.



LONG-TERM IMPACT OF TRAINING

Fig 1

0 1

. ™

Baseline  Post- et S
interventicos .

=L

=T

II:'-.-I:'-.-'IIII £ T'-.-l!l -

intecvention il T

Time (years)

Percent changes (£5E) over time with respect to baseline

values in basic strength, including (A) STAT and (B) DYNg; in the CON
group and INT group.

Kennis et al.,, Arch Phys Med Rehab, 2013.



GOOD NEWS: NO HIGH LOADS NEGESSARY ...

Table 2. Perceived barriers for continuation of strength training
after cessation of the supervised intervention

Long-term adherence?

Perceived barriers Mean £ SD  Subjects
grading
20 4or5,%
Intrapersonal factors
ﬂ Lack of interest in resistance exercise 2.5+1.1 15.6
Q . - 1SS11ES ] 8414 15 6
D 1 5 IMore interested in other physical activities 3.0+1.4 40.0 I
. ini Resistance exercise is too strenuous 1.9+0.9 4.4
E. — No Strength tralnlng i = p:ﬂrhfinnq 1 5417 (0
- IPerceived lack of time 3.1+1.5 45.7 I
N Planned vacation/travel 2.1+1.4 20.0
qa 1 0 Interpersonal factors
Lack of social support 1.4+0.7 2.3
e Exercise companion quitted 1.6+ 1.0 6.7
L Care of siblings/others 22413 174
= 5 No continuation of instructor’s supervision 2.3+1.3 20.0
E Environmental factors
=) Financial cost 2.5+1.2 28.3
Z Seasonal reasons 2.7+1.5 40.0
Lack of access to a fitness center 1.7+1.2 8.9
Fitness centers are too busy 1.7+ 1.1 6.7
Uncomfortable feeling in fitness center 1.5+1.0 6.7

HIGH LOW

Barriers were rated on a 5-point Likert scale (ranging from 1 =
‘strongly disagree’ to 5 = “strongly agree’).

Van Roie et al., Gerontology, 2015



ALTERNATIVE EXERCISE PROGRAMS: STEP-BASED EXERCISE IN GROUP

Step-training: 3x/week, 12w
2 X 32 reps per side
-orward step

_ateral step

Baggen et al., Exp Gerontol, 2019



ALTERNATIVE EXERCISE PROGRAMS: STEP-BASED EXERCISE IN GROUP

Table 1

Overview of the STEEP program.

Step height Step height Body mass Body mass
Fstep (cm) Lstep (cm) Fstep (%) Lstep (%)
Level 1 Week 1 18 18
Week 2 18 18
Level 2 Week 1 24 18
Week 2 24 18
Level 3 Week 1 24 24
Week 2 24 24
Level 4 Week 1 30 24
Week 2 30 24
Level 5 Week 1 30 30
Week 2 30 30
Level 6 Week 1 36 30
Week 2 36 30
Level 7 Week 1 36 36
Week 2 36 36
Level 8 Week 1 36 36 5
Week 2 36 36 5
Level 9 Week 1 36 36 5 5
Week 2 36 36 5 5
Level 10 Week 1 36 36 10 5
Week 2 36 36 10 5

Baggen et al., Exp Gerontol, 2019.

Progressive step height

Weighted vest at max. step height

Different starting levels



ALTERNATIVE EXERCISE PROGRAMS: STAIR CLIMBING (POWER

' , v - Training variables and progression for the resistance training (RT) and stair-climbing exercise (STAIR) program.*

x Focus Exercise Sets and repetitions Load Interset rest Velocity
RT
Vyeek 1-4 Hyperrophy Unilateral leg press 4 » 12-15 55% 1BM do 8 2SS — /8 Cong
VWesak 5—H HOser Unilateral [eq press 4% 1/ 40% 1R d5 5 J 5 ecc — maximal Conc
| Week 9-12 Power Unilateral leg press 4 %12 40% 16M + 10% 455 2 5 BCC — maximal conc |
STAIR
Week 9-12 Power Stair climbing 4 x 2 flights of 6 stairs BM + 10% 455 Maximal
“IRM = 1 repetiion maximuem; BM = body mass; ecc = eccentric; conc = concentric.

I Original Research Jrltllﬁmal of Sr:rengdl and Cnndjrimling Researdl )

Stair-Climbing Versus Machine-Based Resistance
Exercise to Improve Muscle Power Among Older
Adults: A Noninferiority Trial

Evelien Van Roie,"? Jannique van Uffelen,' and Christophe Delecluse’




RESULTS - STAIR CLIMBING (POWER)

270 7
p=0.135
p=0.086
- p=0.887 =

240 - +19.5 + 12.2%
s
S
£ 210~ .
0 / S — +13.7 + 16.5%

180 -

pre w4 post

Estimated mean and SE at baseline (preintervention) and
postintervention test for functional capacity in the resistance
training (RT) and the stair-climbing exercise (STAIR) group.*t1

RT STAIR p
Time x

Functional capacity Mean SE  Mean SE Time group
10-m fast walk (s)

Pre 4.7 .15 0.01 (.15

Post 4.41 .15 4,92 0150 <0.001 0.263
5x5TS duration (s)

Pre 8.51 .28 H.28 (.28

Post 8.16 .28 {.6Z 028 <0.001 0.197
5 8TS power (W)

Pre a05 16 290 16

Post 308 16 3115 16 0.026 0.087
6-Step stair ascent
duration {s)

Pre 1.92 0.11 1.86 0.11

Post 1.78§ 0.11 1.59% 011 <0.001 0.007 1
6-Step stair ascent
power (V)

Pre ala) 47 20 42

Post o4 47 6145 47 <0.001 0.035
CMJ jump height (cm)

Pre 175 1.1 1/.0 1.1

Post 18.7 1.1 18.5 1.1 =0.001 (.686




RESISTANGE EXERCISE: MINIMAL DOSE?

Traditional
resistance training

(RT)

Minimal-dose RT
Low-volume, Resistance
high-load RT ‘exercise snacks’

E] Number of
AT exercises and sets
O=- per major muscle
group:
g Session duration
——]

Load (intensity):

Equipment
requirements:

High
(e.g., £-3+ exercises per muscle
group, 2-4+ sets per exercise)

Low

(e.g., 2 exercises per muscle group,
=2 sets per eaercise]

Long

(e.g., 45+ minsession)

Short

(e.g., =15 min/session)

Mod
(.., 2-3 sessions per week)

Low-mod
(8.9, 1-3 sessions per wesh)

High

(2.9, 5T+ sessions per week)

Low-to-mod
{e.g. 230% 1-RM)

Mod-high
(eq., =270% 1-RH)

Low
(e.g., bodyweight to S30%: 1-BM)

TRAINING PRINCIPLES!

Frequency > volumel!

REPEAT!

» I P
L 4
Traditional equipment
{e.g., barbells/dumbbells or machines)

Minimal/no equipment
{e.g., bodyweight, resistance bands ar
portable weights)

Fyfe et al.,, Sports Med, 2022



LONGEVITY AND AGEING

Muscle power declines progressively from the 4th decade onwards, and more than
muscle strength and muscle mass

Muscle = locomotor + metabolic organ - sarcopenia affects more than locomotor
function alone!

RESISTANGE EXERCISE FOR HEALTHY LONGEVITY

Priority nr.1in older adults (never TOO old!)
Benefits go far beyond ‘building muscle’ or ‘gaining strength/power’
Progressive overload & consistency is key

Long-term adherence is challenging
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