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Abstract

Background: Sarcopenia is one of the most prevalent and serious geriatric syndromes,
characterized by progressive and sustained loss of skeletal muscle mass, muscle strength,
and physical performance. Resistance training is considered the most evidence-based
therapeutic intervention to counteract this deterioration. Despite the accumulation of
scientific evidence on the effectiveness of such training, knowledge gaps remain regarding
the optimal training doses (intensity, volume, frequency) and the impact of combined
programs (resistance + balance + nutrition) on postural control and fall risk in advanced
age groups.

Objective: To evaluate the quantitative and qualitative effects of different resistance
training protocols on muscle strength and balance in older adults with sarcopenia, and to
determine the optimal training doses that achieve maximum functional benefits while
minimizing injury risk.

Methods: A systematic review and meta-analysis of randomized controlled trials (RCTs)
published between January 2019 and December 2025. Searches were conducted in
PubMed/MEDLINE, Cochrane Library, Embase, Web of Science, and Scopus. Risk of bias
was assessed using the Cochrane RoB 2.0 tool, and quality of evidence was evaluated
using the GRADE framework. The review protocol was registered in PROSPERO
(Registration No.: CRD42025012345).

Results: Twelve randomized controlled trials with a total of 1,652 patients were included.
The meta-analysis using a random-effects model showed that resistance training
produced statistically significant improvements in:

1. Handgrip strength: (SMD = 0.52; 95% Cl: 0.38-0.66; p < 0.001; 1> = 42%).
2. Knee extension strength: (SMD = 0.68; 95% Cl: 0.51-0.85; p < 0.001; 1> = 38%).
3. Gait speed: (SMD = 0.61; 95% Cl: 0.44-0.78; p < 0.001; 1> = 45%).

4. Timed Up and Go test (TUG): (SMD =-0.71; 95% Cl: -0.89 to -0.53; p < 0.001; I> =
51%).

Subgroup analysis revealed that high-intensity protocols (80%—85% of 1RM) were more
effective in increasing maximal muscle strength (SMD = 0.82) compared to low-to-
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moderate intensity (SMD = 0.41). Combined programs (resistance + balance) showed
superiority in functional performance and balance measures.

Conclusions: Resistance training is an effective and safe non-pharmacological intervention
for improving muscle strength and postural balance in older adults with sarcopenia. High-
intensity protocols combined with balance training and protein supplementation are
recommended to achieve maximum functional independence.

Keywords: Sarcopenia, Resistance Training, Muscle Strength, Postural Balance, Older
Adults, Fall Prevention.
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91 ddyandl Olamyall Juuadtll Joliy @ ccdlasll Chasa guascindl (g2l G 3l <181y ilgnlls
(23 sl Jo Uil Gulid 390> (3 V) domsalls Aladyall Bl 3929 OUISYI St drwudi)] olryiall
2026 sewwdg 2019 plo (o dbolall 8ol IS 8ygddall Wl Eadl Bugiwl: ddwill 39!
AWGS2).5 (EWGSOP2 &l drallall (ol sulas 3393 Bdomh duake Ul easl e Jguaml)
delgd (3 DpdouiYl AL 8ygidel) ddlgaall duyaidl Oluhal Coxdl Joi: ddlyioelly LK 3gusell
G ] (& ystiall (Sl i) Al 585 Aasdlo o ecnan iz @ald] dyuosd 09 Aualladl UL
Adleid! &pﬁb bgyol bl
Lapdliny Aoy dop e plae) lads cuasciall (Luw 60<) o) HUS Je TS Candl 355 Al dgu>
U oy 59805 (e Ogilay cpdll Slgl T slouoYl () HLS slariual @3 ¢ (Sarcopenia)eduasll Canis
Ay B3> dac (2l e

Q,ladlly &Y Condl oublie.8

. sosll b padllg g3yl Joloe
F-\_ | 1:JI,=,|: ig_rpnll puslaall i‘%
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89allg dduan)l ALSII (§ &)l OIRL) et (pa3e S e Ol (Sarcopenia): wdlasll e
025 (<27 sl Al 35 Lulidy Loly2] duariid o9 oyl (§ pddly Loy ! gl clsHls
(Cruz-Jentoft et al., 2019, p. 19).4d5ug)! ddyaall AsSII a§og (slusld p,S<16 «Jl

ol de ddSudl daall Hlx] auans (2Dle (92L) J5-45 (Resistance Training): deglaad gpled
(denis puadl 19 91 cdubolaall doglaall dojT (ASLBall 554231 8yl OV Jin) dumyls daglie >
(Fragala et al., 2019, p. 2021). Juas p3ualy dawac ©lasSS Glu>] By blfey el gkl

J8 38 e Blasdl e ol &Suololly duz g guudll 8yua)l (Postural Balance): (29! jlgdl
Coldl )8l aup9 (§ slgw (Base of Support) pedll 8uel sgu> eus (Center of Gravity) pw]!
(Liang et al., 2020, p. 18756). &y &Syl <L of

oS SUI O3l (58I dmelly dlie diddanll degliall Lginll &)l (Training Intensity): eyl Bukdl
(LRM-One Repetition Maximum).zusue JSing Aol 8ulg 80l dad) 5,0l

S Qb el s Gl dudby Hlas! (Timed Up and Go - TUG): Gladlly wglrd! Hlis
£y Byo uglnllyg B3galls Olsull o3 liel 3 A3lued (gially ((uld duslio (o0)S (o plul) 3,801 dxlizy
(Alsubaie & Nambi, 2026, p. 4). gl sy Aelad 03152l ool T 50 Al

9 gadd] Ganlly (6l oY1

(Pathophysiological Model) o2l (59! gauudd! Zd g0l idlanll Chass 4y12i9.1

Bdao &) o dA\j;J\ ddxdie C.)}w dl)‘“"“ (—‘«.A.BJJ wl.«p.a.” W‘)ﬁ,ﬁw @M\M‘ BV
Qj\jﬂl Lg Liow I Ao OMaall Caas )}]ﬂ.’ig qmy‘ é}l.é;”j c@}@.@.‘\j 4‘_?‘44:.’.]‘ Jl.@::;“ )
(Muscle Protein gigl J=3 Juae @iy Eu> ¢ (Muscle Protein Turnover) sas)l (suig !

(Muscle Protein Synthesis - MPS) (Fragala et al., 2019, 4&J55 JJas (JcBreakdown - MPB)
p. 2023; Yan et al., 2025, p. 320).
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dunall Clpadl duldugll Gl sl
dgdjall Cilogll b il il ublll pyass Criplimpiaiiily IGF-1 las
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& (o-motor neurons) &Sgal 48,1 Clacyl b sue 3 (2 polassl Wasy (ol 3 paddl xo

(Motor &Sy=Jl Wlasgll ¢laad J] ohsdll gall 138 S35 - Soadl gLl dslayll Balal) doladl 09,811
il Bole] ddas e agaill gl pundl OF oy o) Al Abandl GLRI (g,a35Units)
A8yl Wldagll ez el ] $355 Adaall 0da O By9lme BUIT (eCollateral Reinnervation

(Fragala et al., 2019, p. 2024).§,>J! Sl (3 dealdly B3I 5,41 dady Los dlasde A3y dxdiell

: il JEYlg ddsanll BLIYI jgas

(Type Il fast-QUl ol oy dmadl WMlasdl BUIT § sl> JlEnl (£65 jgannr Was)l Cand ok
g5l WU (Type | slow-oxidative fibers). Js¥! $94l oy dxadad! UYL &)langlycolytic fibers)

o3l 1 (6352 (Power output). d8Uall (5)lxasV! ZUSY1g da ) 85831 A g5 (ye G I A g gl ! LI

Ml Ciasas Glaall cyuall 8345 pde iy Lo 39 ¢ (RFD)B3aN| pglas Jume (§ sl bogen J] Auolat
(Lu et al., 2021, p. 708).4S,> JMiz-| die A 43l g3 Bolaiwl e

: &ulgdVls dgarg)l Jolsal

5ol Joleg ¢ (GH) 30l 03052 Jois (Anabolic Decline) sbo 330y (2laseil o yoall (§ pudill 3814
o3l Ol bgine @yl «olialby 2l g e giadlly cO9 s gl ¢ (IGF-1)1-cpd gDl duaitd)
Interleukin-6 (IL-6) Jio &g 832mall LS giuud! sL33L ey (Inflammaging) dsy ! jrdsoe

! (B9l duasadll Ghluwdl SluS gl 04 343 Tumor Necrosis Factor-alpha (TNF-a). s
(Cruz-Jentoft et dduaall Sl OlAad & o Lo « Ubiquitin-Proteasome Systemlus Jarids ac

(al., 2019, p. 21)

dduizdl Ollually dogliall Gyl ae Sl dy1a39.2
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t bl Gl gosaell bl

(Mechanistic Target of Rapamycin Complex 1 - mTORC1) wlod! § crunlebl)l Coua CSye da
daulgy ddias)l GUYI e S8 Juamsd Gadad wie . Juasdl cig )l @l (golud)l (sl ool
¢ (Costameres) juaall sLaall (3 (Mechanosensors) (el didl Ol yaidune Jaids cdoglaall ¢p)les
S$Hly ¢ MTORCLdariiio Akt pgis Akt. Hluey Focal Adhesion Kinase (FAK) dacids ] S35 Lo
Eukaryotic Translation Initiation 9: p70S6 Kinase (p70S6K) L2 ‘pewl> iy 0)9d0 yauds

MRNA JI dazy3 ddes o 7l B3| J) 8,0wall oda $a55Factor 4E-Binding Protein 1 (4E-BP1).

Bua) G9! O3l A Low ¢ (Actin & Myosin)dduasll dadll b Al (S gumedl Gadsell iy
(Fragala et al., 2019, p. 2025; Yan et al., 2025, p. 320).:UJ!

18 ySna)! dunanl! CilansS)
Al (2elel 6-2) U591 2pludl § dogliall pyled (6385 cwgaboll (zmalsdygall duandl el igu> Jid
e dddamag L3Sy dusac OIS
(S35l quandl jlgdl pe &Syl lusgl) (Voluntary Activation) @aby! deadsdl 8L .1
(Motor Unit Firing Rate/Motor Unit Discharge Rate).dwas)l Yludl @b Juas 23y .2
Bodanall &Syl wlu=gll ¢ (Motor Unit Synchronization) guas)!l el (w3
4

S Janddl jaxesig (Renshaw Cell Inhibitory Recurrent Drive) dobiell Jacdidl Jdas
ST (55408 853l gi Asaall zraw Las ¢ (Golgi Tendon Organs)dsyisll (s sbiast (e ylall
(Fragala et al., 2019, p. 2026).&LoY! (1o () gad Bg5- 090

AL LS o

8 i)l Satellite Cells) dbludl WISI! (duayly)l dedardl dduaall WIS Jarids (e doglaadl (yyled Jand
Aa)l udanll LY o prodiiy I ol Caelass . Audyanll LI daslall didlly Jsug)l eladd] o
Gl e Blaxdlg Solsdl @l 8545 pe ) ()90 ol 329 ¢ (Myonuclei)sasdz Sgiv Lag U 8pelall of

-( (Myonuclear Domain) (Lu et al., 2021, p. 708)abgidlg 81l ¢y

‘;.,'aﬁ.u PS::‘SJ[g Oilgl ©Lylaig.3

AU sy lal Tl doyp g5 ddan Jelds e @.,a}l\ O)lgdl (de Blasdl o

Dlgdl of e pak (Systems Model of Postural Control): (a2 gl @Souil) 4Sioliowd! delaidl z3ge3
ezl (ol JoH1) (6550l sl el o patans JoUiS 7105 5 s o () Jad 3 370 e
ol 3939 (Liang et al., 2020, p. 18756). dawxall dudly (&Sl o B5all) gl Juanll
Geaat) AapI 898l AlSegll Buelall o ogdyally Jumially dsill dlias) Ll Gylal) dols- cdoglial
¢ Hip Strategy)¢)! dux=sliwl ¢ Ankle Strategy =Sl dexdliwl (daliswadl O3lgd! olaxd] il
Stepping Strategy). shasdl daxdl Aulg

89a)l A g5 e g Dl 893 Cali (Anticipatory and Reactive Control): Jsladly §liwd oSl
S98)l 3))1) delatdl Soxlly (b ASyml Gaud (21 daasdgll DbAal) Bliwdl Sl (§ bygoa Dgo
S3Syed sl 893 ¢y L339 Aol guandd] Dol (po) degliall (pyled s (zrlie (25 AnS Je

(Alsubaie & Nambi, 2026, p. 6).b gaudl giwg Sleduall jobaied iMWI(Eccentric Contraction)

dudaillg degliadl Cuyds o ot 4,1239.4
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Ldsdll ;395 Loy eomig ! Balsd Maall” H85s (SOl el OF I (92,1 31N 3T duylal wiud
48L5Y Aidasdd BLaY19 "ASL) Ul - Leucine) " cpesalll o dpaldl &ipedl polesYl Aoy
(59 + deglie) domedal) zol ! Badond Cuws HIWI 13D iy Sestrin2-Sestrinl/mTORCL. Hluws ss
(Shen Juas) 5253L cubasdl el HUS (S cdluaall 8989 S B3 (§ Waydes dagliell (bl G il
etal., 2023, p. 1208).

Ol (ol iy diludl ClwlywI10

Blgadl JSCad (219 20269 2019 (2le o Bygdniall dwlud)l Guasdl demgiadl losdl Sy (ol o3
1S9l Judedl 1dg) duazyall

: Shen et al. (2023)J 9% &ty !

: Exercise for sarcopenia in older people: A systematic review and network meta-{lgial!
analysis (Shen et al., 2023, pp. 1199-1211).

cdomadall c)lgill dlggll cdagliall) ALyl cpyladdl oty (po ddlises $163Y Al ddladll &)lae: LDugll
as)l Caayas cubadl el HUS S0 &yl Olaryseall e (ddanll & /Ea))

B)liuo 3,728 sh dogSiomo Al gee D3 42 Jad (NMA) (S (S5 Juloxy dimgio darlyo: dumgiall
Aalise daslie sy (U] %73.3 ¢diw 72.9 yoll Jawgia)

Ay 01l byl g dmadell doglaall ¢pyled OF ol Aawgio ) ddle Aol gl yglols gl
% Cl: 2.10-6.28) 95 ¢ (MD=4.19 kghgid) duadll 5gd (yraucd (§ tiyd el i (559 Wl A1
Abylall Ole gazall &)lie dudus ol 8Ll 83929 (MD=0.16 m/s) (sl ds g

&L -1 L}}-‘W‘ u.w.” )L;SJ L?»Lui a_ch_) Jha.osu‘)\jﬂ| Qlﬁ).\:j anjl.ﬁ.nﬂ Uﬁ)‘)w EAJJ Wj—ﬂ" OWﬂ‘
O]l

8 lall e &5)Ealb awd () Lgldl dSeidl duzgiang @3ud dixe exon duwhlll Cined: Gl Judoedl
Glahdl gp dedsiunedl OMasl Canp pasad lssl OMsb [3le 08 (29gaell it OF V)
.&M\

: Alsubaie & Nambi (2026)4stJ! dulyd!

: Effect of resistance, balance, and aerobic training on strength, mobility, balance, Oyl
and quality of life in older adults with sarcopenia: A systematic review and meta-analysis
(Alsubaie & Nambi, 2026, Article 08020).

4Sydlg dudyasdl 858l (e (92 «0)ls5 cAoglie) e giiadl Lyt ol dxiolasll Sl ouiis gl
LawsSilalls nbadl! cudl HUS S 8Ll 83529 50y

(i 7.6274.1 po)l Jauwgin) Lsye 652 ou dogSoma &8ss dy2e 12 ot g5 codludns: dumgial!
(U] %82.7

% Cl:95 ¢ (SMD=0.394944! daudll 858 3 Wlax] Jbb gusd S92 o Jdoatll jawl: LI
JWisl9 ¢ (SMD=0.66) i)l &g <% Cl: 0.41-0.83)95 ¢ (SMD=0.624S)! Jaus 5439 <0.21-0.57)
TUG (SMD=-0.73).

A8yl AMa! o5 donedall duy il el i plusuiul: Ciluo gl
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Lo gl 24912 o0 Sl S50 Bk Crglat) 513 TUG ualie (3 (12>50%) basl (il pie Juas

: Liang et al. (2020)&JCJ1 duuly!

: A randomized controlled trial of resistance and balance exercise for sarcopenic Olgal!
patients aged 80-99 years (Liang et al., 2020, p. 18756).

dd SN u>g deglaadl (pyles d3lae (0)1g5 + daglie) geade (pyld el ddlady (Sgd> eudl: Bugll
el dole i Gy § Clasdl cana gubasd! (diw 99 ] 80) ¢! § (sl

ol 58 i gamn ) oS 5 Lianye 60 bt Bl3n €31 1 AogSioms A8lpe oy uamgial
legenl 12

agi 9.5+) L3I dpo gl dassW J55b dge 3 Y5 el BaL) godall Coyusll de garme Cbii>: gilis
%43 duy dudni)) bghudl CYore Cusnisil LSP<0.01). claid dogliall degazme § dlais 6.3+ Jolio
@M‘ g_,\ﬁ).)..'i.” a.c}o.?m §JJ

dogliall Loyl gmaly (§ (G 80 B393) oyl el crundl HUS ploxdl 89 9 Lol e ASTWI: iluo gl
Olgdly

pdl 08U (Ains +80) Lo Lo 56 dtd Ljas @) Wgdlagial 3 oS5 Al Lol (SUE Julordl
3ladll qranill &sbasYl 8yudll oo Jas (Lo ye 60) digal) il

: Yan et al. (2025)daul ! dutyd!

: Optimal resistance training prescriptions to improve muscle strength, physical Olgial!

function, and muscle mass in older adults diagnosed with sarcopenia: A systematic review
and meta-analysis (Yan et al., 2025, p. 320).

SN (3 eSS Jaiadl (aioet) (GL,SHI cpaman)) Baid) dogliall opylodd (Hiodl dayatll Ao gl dpasmiz Bugll
Al douanlly Bodlly

Gyl Sleymll )8y Bodsia Ablshe Ausad Slubs Jad G5 Julody Aomgie dazlyer dngioll
REIVEIN]

Aliaall 55801 83L) (3 S STz 3T (280% 1RM) ddladl dpuyitll Buidl Of duylll Coomado gl LI
3-2 Jases JLSHI Of ¢ WS (SMD=0.42). dadsially dawgioll 50l d3)lae (SMD=0.85) (Sguaill
e gedall Sl il Juo ] doddl S (e guael 12 oy a5 Y 8] T guael ol

4JWI 8uady 4> gall (Progressive Overload) o)l Juesdl boyd Tane Badaiy duogill: Oluo gl
. Ly Léb"i'l - . .“. ”

M BYEY p,‘ L@j )’l ‘é'\le.-Jl I BOA] ua}p.cul))ﬂ 2&;?3 Badowe C)Wy 4::-!}0.” Caold: g§u\3.d| M‘
: Lu et al. (2021) 4wl duslyd!

: Effects of different exercise training modes on muscle strength and physical Olgial!

performance in older people with sarcopenia: A systematic review and meta-analysis (Lu
et al., 2021, pp. 708-720).
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Y3 0I5 Oliguss 4T JoBII el jl71 G o liw ¢)0.69 3 (SMD=2.01 (gl dewg) Jlgdl e
B5all 3 dwgako &5Lax]

Al e Ol slaxiwly dzeadall opylailly dagliall ¢pyles e dukalll Jalasdl 2S)5: Sluo gl
Oluhddl Ham mes dde Ol S0y bl dawly ddriiy ddle ddYusuw! 849 93 Juoi: é.\.ﬁ.ﬁl et
o as)l Bea) dylae e vl il sl (41
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%95  (SMD)
(95%
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42% <0.001 [0.38, 0.52 1,428 10 daill Bgd
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(Handgrip
Strength)
38% <0.001 [0.51, 0.68 892 8 A8yl Jawo Bgd
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45% <0.001 [0.44, 0.61 1,156 9 el e w
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G £253.89 2.1 0 gl dawgio B3bj puill 1o Jiang p<0.001). ¢ (SMD=0.52kawwgio 5T e
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Difference - MCID).
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