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A B S T R A C T   

The muscle disease sarcopenia, which is characterised by a loss of muscle strength, muscle quantity, and physical 
performance, restricts mobility and independence in an ageing society. The aim of this systematic review and 
meta-analysis is to analyse the effects that long-term progressive resistance training interventions performed on 
weight machines have on sarcopenia (European Working Group on Sarcopenia in Older People) and how the 
interventions are composed. In total, 779 articles published between 2000 and 2020 were scanned (PubMed, 
Web of Science, CINAHL) and 14 randomised controlled trials were included within the review. Populations, 
interventions, control groups and outcomes were analysed. Subsequent meta-analysis (10 studies, 902 partici-
pants) revealed that the time needed in a chair-stand-test, as an indicator for leg strength, was predominantly 
reduced, whereas grip strength remained unchanged after the interventions. Data concerning the effects of 
machine-based progressive resistance training on muscle quantity were insufficient for meta-analysis. Physical 
performance measured by undergoing the Timed-Up-and-Go-test, gait speed test, Short Physical Performance 
Battery and 6 min-walk-test improved significantly as well. The quality of evidence (GRADE) in the analysed 
studies was low or moderate. In summary, machine-based progressive resistance training has the potential to 
reverse sarcopenia in the oldest old, as reflected by enhanced muscle strength and physical performance. The 
systematic review revealed promising initial results for muscle quantity.   

1. Introduction 

Increasing inactivity and an ageing society are associated with a 
rising prevalence of sarcopenia among older adults (de Souto Barreto 
et al., 2016; Haskell et al., 2007). Sarcopenia is a key component of 
frailty (Fried et al., 2001) and it is defined by the decline of muscle 
strength, muscle quantity and muscle quality (Cruz-Jentoft et al., 2019). 
The resulting poor physical performance restricts the functionality and 
mobility of older adults in everyday life. Limited independence and an 
increased risk of falls often lead to institutionalisation and hospital-
isation, reducing quality of late life and increasing health and social care 
costs in today's society. 

In the new sarcopenia consensus from 2019 (Cruz-Jentoft et al., 
2019), sarcopenia is determined by the European Working Group on 
Sarcopenia in Older People (EWGSOP) as a below-average chair-stand- 
test (CST) time or a sub-standard grip strength test (GS), in combination 

with sub-standard muscle mass. To assess the severity of sarcopenia, the 
following tests are recommended: gait speed test, Short Physical Per-
formance Battery (SPPB), Timed-Up-and-Go-test (TUG), 6 min-walk-test 
(6MWT). 

To counteract the muscle disease, exercise training over the entire 
life span is crucial and should become a daily routine in older adults' 
lives. A key component for preventing and treating sarcopenia is resis-
tance training, as this stimulates the muscles effectively. Initial experi-
ences with progressive machine-based resistance training go back to the 
beginning of the 1990s (Fiatarone et al., 1990). By that time, high- 
intensity progressive resistance training for very old people had 
become increasingly important. Small study samples had already 
confirmed strength gains, an onset of fat-free mass/muscle mass, 
enlarged mid-thigh muscle areas and reduced walking time for a pre- 
defined range (Fiatarone et al., 1990; Fiatarone et al., 1994; Fisher 
et al., 1991; Yarasheski et al., 1999). Further studies came to similar 
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conclusions and additionally found improvements in leg strength, as 
reflected by a reduction in the time needed in a CST (Hauer et al., 2001) 
and in GS (Gudlaugsson et al., 2012). 

The first reviews reporting progressive machine-based resistance 
training for older people were published in the late 2000s. Based on the 
results of several reviews conducted within the last ten years, resistance 
training of a suitable intensity (70–90% of one repetition maximum 
(1RM)) was established as the most promising treatment of sarcopenia 
(Martone et al., 2015). Most analysed younger people, aged 65–80 years, 
as they are easier to attain and to train compared to older people 
(Izquierdo and Cadore, 2014; Liu and Latham, 2009). Moreover, the 
exercise interventions were mostly performed at low intensity, e.g. 
sedentary gymnastics using small weights (poles, balls) or with insuffi-
cient adaptability (elastic bands, dumbbells, weight cuffs) (Liu and 
Latham, 2009; Lopez et al., 2018; Valenzuela, 2012). Additionally, 
home-based training usually comprised less intense training sessions due 
to the limited number of weight machines on offer (Giné-Garriga et al., 
2014). Hence, there is a lack of studies that deal exclusively with the 
proven method of high-intensity training and the advantages of weight 
machines in combat against sarcopenia in the oldest old. 

In comparison to other reviews addressing comparable scientific 
questions (Law et al., 2016), we approached the issue in a systematic 
format, summarising all of the relevant articles from the year 2000 until 
the end of 2020 that deal with progressive machine-based resistance 
training for the treatment of sarcopenia in the oldest old (80 years or 
older). A subsequent meta-analysis was furthermore conducted to pro-
vide additional information about the efficacy of the investigated in-
terventions on sarcopenia-related parameters based on the EWGSOP 
(Cruz-Jentoft et al., 2019): CST, GS, dual-energy X-ray absorptiometry 
(DXA), bioelectrical impedance analysis (BIA), magnetic resonance im-
aging (MRI), computed tomography (CT), gait speed test, SPPB, TUG, 
6MWT. 

The aim of this review and the meta-analysis is to broaden knowl-
edge of the composition and the effects of machine-based progressive 
resistance training in the prevention and therapy of sarcopenia in the 
oldest old. 

2. Methods 

A systematic review and meta-analysis were conducted based on the 
Preferred Reporting Items for Systematic Review and Meta-Analysis 
Protocols (PRISMA-P) (Moher et al., 2015). After finishing the review, 
the new PRISMA 2020 guidelines were additionally considered in form 
of PERSiST (Ardern et al., 2022), and important aspects were included 
subsequently. 

2.1. Eligibility criteria 

The average age of the study population of those studies included in 
the review was 80 years or older – designated as the oldest old in this 
review. Older people were included regardless of their health status. 
Study populations with hospitalised older people were excluded. The 
selected studies provided interventions for older people living in 
retirement homes as well as community-dwelling older adults. 

To ensure high-intensity progressive strength training and a high 
comparability of the interventions, only studies which contained 
strength training interventions performed on weight machines for at 
least 3 months (12 weeks) were included in this review. Studies 
combining resistance training with other non-physical interventions, e. 
g. cognitive training or in conjunction with a multimodal training 
intervention (with additional endurance, coordination, and flexibility 
training) were included in the review, whereas interventions accompa-
nied by any additional individual dietary supplementation were 
excluded. 

In this review, only studies with a randomised controlled trial design 
were included, i.e. the study populations were randomly assigned to an 

intervention group or a control group. 
To be included, articles needed to investigate the effect of the 

intervention on one of the parameters defining sarcopenia based on the 
EWGSOP: CST and GS as indicators for muscle strength, muscle mass 
(measured by DXA, BIA, MRI or CT), and physical performance 
(measured by gait speed test, SPPB, TUG, 6MWT). 

2.2. Search strategy 

To carry out the literature search, three different electronic data-
bases were scanned on the fourth of November 2019 and new hits were 
added continuously until the end of 2020. The following electronic 
bibliographic databases were browsed: PubMed, Web of Science, 
CINAHL. The search strategy was developed based on a preliminary 
search and in accordance with a librarian. The search terms (Appendix 
A) described the study population (e.g. elderly, old), intervention 
(resistance training, strength training) and outcomes (muscle strength, 
muscle mass and physical function). To identify further relevant articles, 
authors were contacted, the reference lists of suitable manuscripts and 
reviews scanned and a hand search of unpublished (conference pro-
ceedings) or ongoing trials (study registries) was executed. Further hits 
were provided through a preliminary search. 

2.3. Data extraction 

The initial screening of titles and abstracts for eligibility and the 
subsequent assessment of retrieved full texts was performed indepen-
dently (blinded) by two reviewers, in accordance with defined inclu-
sion/exclusion criteria (Section 2.1). Where any discrepancies arose 
between the reviewers' individual assessments, its inclusion was dis-
cussed with a third person. 

A standardised data extraction form was used to extract essential 
data from selected studies. Extracted data were appraised by a second 
person. Missing data were requested from study authors or consulted in 
the study protocol. The data extraction form included any useful infor-
mation about the studies, such as the name, authors, year of publication, 
type of study, sample size (intervention and control group), residential 
status, characteristics of the participants and interventions, as well as 
the outcomes analysed. Extracted results were expressed as means and 
standard deviation (SD) or standard error (SE). Mean differences within 
the intervention and control groups in the result section (Section 3.2) 
were partly calculated using the existing data. 

2.4. Outcome measures 

Primary outcomes were muscle strength measured on the basis of 
CST and GS (Fig. 2) and muscle mass measured on the basis of DXA or 
BIA, CT or MRI methods. Outcomes were recommended measurement 
methods for diagnosing sarcopenia (Cruz-Jentoft et al., 2019). 

Secondary outcomes included further parameters for assessing the 
severity of sarcopenia based on means of physical performance (Fig. 3, 
Appendix B). The parameters used were the gait speed test, SPPB, TUG 
and walk test (e.g. 400-m walk test or 6MWT) (Cruz-Jentoft et al., 2019). 

Sarcopenia threshold values (EWGSOP) were applied to assess the 
sarcopenic status of intervention and control groups at baseline and after 
the interventions (group mean values) based on means of muscle 
strength and physical performance (Table 2). 

The drop-out rate and adherence to training interventions were 
evaluated when available. 

2.5. Quality assessment 

The “Cochrane Risk of Bias (RoB) tool” (Higgins et al., 2011) for 
randomised trials was used to assess the quality of included studies. The 
following domains were analysed: random sequence generation and 
allocation concealment (selection bias), blinding of participants, 
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personnel (performance bias) and outcome assessment (detection bias), 
incomplete outcome data (attrition bias), selective reporting (reporting 
bias) and other sources of bias. 

In addition, quality of evidence for each outcome in the meta- 
analysis has been assessed using the “GRADE approach for systematic 
reviews” (The GRADE Working Group, 2013). The evidence was set at 
‘high quality’ in the beginning and downgraded in each category by one 
level for serious (or by two for very serious) study limitations (RoB), 
inconsistency of results (heterogeneity), indirectness of evidence, 
imprecision of effect estimates or potential publication bias (Appendix 
C). A study quality assessment was conducted to support the classifica-
tion of the findings of the meta-analysis. It was assessed by a third person 
where any disagreements emerged between the two independent 
reviewers. 

2.6. Data synthesis 

Meta-analysis was conducted using ‘RevMan 5.3’ (Review Manager, 
2014) software. Heterogeneity was assessed by I2 (‘RevMan 5.3’) using 
Cochrane Q test and considered in the GRADE approach. Mean values 
obtained immediately after the interventions plus SD were integrated 
into a fixed model for continuous outcome parameters (inverse variance 
weighting). If the necessary data were not available, the outcome was 
excluded from the meta-analysis. In one case, SD was calculated by SE 
and sample size. As for all outcomes different measures or units were 
used, treatment effects were quantified by standardised mean differ-
ences. A significance level of α = 0.05 was used for all analyses. Sub- 
group analysis was calculated for two studies that performed GS in 

retirement homes. Further planned sub-group analyses considering 
different settings or time spans were not performed due to a small 
number of studies with institutionalised people exclusively (n = 3) or 
studies that applied 6-month intervention periods (n = 3). 

3. Results 

In total, 779 articles were identified, of which 662 remained after 
duplicates were removed. After screening the title and abstract accord-
ing to the inclusion and exclusion criteria, 517 articles were excluded in 
a first run. Moreover, 129 articles were excluded after screening the 
manuscript. Once a definitive exclusion criterion was found, the 
screening was stopped. Ultimately, 14 studies remained for the sys-
tematic review, with ten of them useable for additional assessment in a 
subsequent meta-analysis (Fig. 1). 

3.1. Study characteristics 

Participants were included from examinations conducted in various 
countries, leading to a heterogeneous group in this review. The average 
age of the study populations was between 80 (Gudlaugsson et al., 2012) 
and 92 (Cadore et al., 2014) years old. Most of the study participants 
were female (Table 1). Some studies listed the distribution of frequent 
diseases among the participants. Within the non-communicable com-
mon diseases, hypertension was most widely distributed (>50%). Four 
studies described their population as frail, and two studies (Hassan et al., 
2016; Kim et al., 2016) partly or entirely as sarcopenic. Five out of 14 
studies were conducted with older people living in the community, three 
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Fig. 1. PRISMA 2009 Flow Diagram.  
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Table 1 
Study characteristics.  

Study 
(Country) 

N 
(IG/CG) 

Sex 
F/M 

Age 
MW ±
SD 
[y] 

Frailty; 
Sarco-penia 
Type 
(baseline 
propor- 
tion) 

Residential 
status 

Resistance training 
Components, equipment 

Other treatments Dose 
Time, 
frequency, 
duration 

Outcomes related 
to sarcopenia 

Ansai 2016 
(Brazil) 

69 (23/ 
23) + 1 
group 
(23) 

47/22 82.4 ±
2.4  

Community- 
dwelling 

6 adapted machines (Pró- 
physical): leg press, calf, 
rowing, chest press, 
abdominal, back extension 

None 16 weeks, 
3×/week, 
1 h 

CST (5 reps) 

Cadore 2014 
(Spain) 

32a (16/ 
16) 

17/7 (n 
= 24) 

91.9 ±
4.1 (n =
24) 

Fried (all) Institution- 
alised 

3 resistance variable machines 
(Exercycle, S.L.): bilateral leg 
extension, bilateral knee 
extension, seated bench press 

Balance exercises, gait 
retraining, functional 
exercises 

12 weeks, 
2×/week, 
40 min 

CST (30 s), GS 
(handheld), gait 
speed (5 m, 
habitual), TUG, CT 
(CSA m. 
quadriceps) 

Caserotti 2008 
(Denmark) 

25 (12/ 
13) 

25/0 81.8 ±
2.7  

Community- 
dwelling 

5 exercises on iso-inertial 
resistance training equipment 
with variable velocities 
(Cybex): horizontal/inclined 
leg press, hamstring curls, 
bilateral knee extension, calf 
rise 

Warm-up 12 weeks, 
2×/week, 
duration N/A 

BIA (lean mass) 

Greiwe 2001 
(USA) 

13 (8/5) 7/6 81 ± 1 Reuben 
(all) 

N/A Weight machines; abdominal 
exercises and free weight 
squats 

Supervised pre-training 
programme (light 
stretching), warm-up: 
stretching, light calisthenics, 
walking 

12 weeks, 
3×/week, 
55–95 min 

DXA (lean mass) 

Gudlaugsson 
2012 
(Iceland) 

117 (56/ 
61) 

63/54 IG: 80.8 
± 4.7 
CG: 78.3 
± 4.1  

Community- 
dwelling/ 
institution- 
alised 

12 exercises on strength 
equipment (circuit series, Life 
Fitness): leg press, leg 
extension, calf raises, bench 
press, chest cross, shoulder 
press, pull down, biceps curl, 
triceps extension, abdominal, 
back 

Stretching between circuits, 
endurance training (daily 
walking), seven lectures on 
nutrition, healthy ageing 
and physical training 

25 weeks, 
2×/week, 
duration N/A 

CST (5 reps), GS 
(chair), gait speed 
(4 m, habitual), 
SPPB, TUG (8 ft), 
6MWT 

Hassan 2016 
(Australia), 
sub-study of 
Hewitt 

42 (21/ 
21) 
4 clusters 

29/16 
(n =
45a) 

85.9 ±
7.5 

EWGSOP 
(35.7%) 

Institution- 
alised 

5 pneumatic weight machines 
(HUR): hip abduction/ 
adduction, leg press, leg 
extension/curl, triceps dip, 
abdominal curl/back extension 

Static and dynamic balance 
exercises, relevant stretches 

25 weeks, 
2×/week, 
1 h 

GS (handheld), gait 
speed (3 m, 
habitual), BIA 
(SMI, lean mass) 

Hauer 2001 
(Germany) 

57 (31/ 
26) 

57/0 82 ± 4.8  Community- 
dwelling/ 
institution- 
alised 

Leg press (Kaphingst): hip/ 
knee extensions in a sitting 
position; 
hip abduction/extension in a 
standing position (cable 
pulley), heel rises during erect 
standing 

Aerobic exercise (stationary 
bicycle), stretching between 
sets, balance/functional 
exercises, physiotherapy 
(massaging, stretching, 
thermotherapy) 

12 weeks, 
3×/week, 
1.5 h 

CST (3 reps), gait 
speed (15 m, max.), 
TUG 

Hauer 2012 
(Germany) 

122 (62/ 
60) 

IG: 
74.2% 
F 
CG: 
73.3% 
F 

IG: 82.3 
± 6.6 
CG: 82.9 
± 7.0  

Community- 
dwelling/ 
institution- 
alised 

Leg press (Kaphingst): hip/ 
knee extensions in a sitting 
position; 
hip abduction/extension in a 
standing position (cable 
pulley), heel rises during erect 
standing 

Aerobic exercise (stationary 
bicycle), stretching between 
sets, balance/functional 
exercises 

12 weeks, 
2×/week, 
2 h 

CST (5 reps), gait 
speed (6 m, max.), 
TUG 

Hewitt 2018 
(Australia) 

221 
(113/ 
108) 
16 
clusters 

65% F 86 ± 7.0  Institution- 
alised 

5 pneumatic weight machines 
(HUR): hip abduction/ 
adduction, leg press, leg 
extension/curl, triceps dip, 
abdominal curl/back extension 

Static and dynamic balance 
exercises, relevant stretches 

25 weeks, 
2×/week, 
1 h (incl. 
balance) 

SPPB 

Kim 2016 
(Japan) 

139 (35/ 
34) + 2 
groups 
(34/36) 

139/0 IG: 81.4 
± 4.3 
CG: 81.1 
± 5.1 

Sarcope-nic 
obesity (all) 

Community- 
dwelling 

5 hydraulic exercise machines 
(Mizuno): abduction, leg press, 
leg extension, seated row, 
abdominal crunch; 
resistance band exercises 

Aerobic exercise (stationary 
bicycle) 

12 weeks, 
2×/week, 
1 h 

GS (handheld), gait 
speed (5 m, 
habitual), BIA 
(SMI, ASM) 

Kryger 2007 
(Denmark) 

30 (15/ 
15) 

23/7 Medi-an: 
89.2 
(85–97) 

N/A (all) Community- 
dwelling/ 
institution- 
alised 

2 exercises on a quadriceps 
chair: knee extensors/flexors 

Warm-up 12 weeks, 
3×/week, 
45 min 

MRI (CSA m. 
quadriceps) 

Mueller 2009 
(Switzerland) 

62 (23/ 
16) + 1 
group 
(23) 

36/26 80.6 ±
3.5  

N/A 4 exercises: hip extension, leg 
press, knee extension, leg curl 

Aerobic exercises, 
gymnastics, stretching 

12 weeks, 
2×/week, 
45 min 

TUG, DXA (thigh 
muscle mass) 

Rydwik 2008 
(Sweden) 

96 (23/ 
23) + 2 

58/38 83.2 ± 4 Fried (all) Community- 
dwelling 

3 exercises on stationary 
equipment (Scandinavian 

Aerobic exercises (walking/ 
jogging on the spot, arm 

(continued on next page) 
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with institutionalised people, four with people both living in the com-
munity or in retirement homes, while two did not mention the resi-
dential status (Table 1). 

The intervention time ranged between 12 (minimum for inclusion) 
and 25 weeks (Table 1). Training sessions were offered two (n = 10) or 
three times (n = 4) a week in groups (n = 8) of 2–17 participants. Six 
authors did not provide any detailed information about group size. 
Training was supervised by physiotherapists or other qualified in-
structors (coaches, health professionals). Weight-based or pneumatic 
weight machines were employed to perform progressive resistance 
training. Caserotti et al. (2008) used an isoinertial weight machine with 
variable velocities (Cybex) to emphasise explosive-type resistance 
training for the lower body. Up to six machines (Ansai et al., 2016) or 
more (Gudlaugsson et al., 2012) were used to carry out two (Hauer et al., 
2001; Hauer et al., 2012; Kryger and Andersen, 2007; Sylliaas et al., 
2011) to twelve (Gudlaugsson et al., 2012) exercises (Table 1). Six 
studies offered their intervention exclusively for the lower limbs. 
Resistance training was conducted as part of a multimodal training ac-
tivity in all studies expect for Ansai et al. (2016). As a general rule, 2–3 
sets were performed on each weight machine. Each set ranged between 8 
and 15 repetitions (minimum 6–maximum 20) for most of the studies. 
Some studies started with a low number of repetitions and raised the 
training intensity additionally by increasing the number of repetitions 
(Ansai et al., 2016; Greiwe et al., 2001; Hassan et al., 2016; Hewitt et al., 
2018), while some started at a high repetition rate (Caserotti et al., 
2008; Gudlaugsson et al., 2012; Sylliaas et al., 2011) and raised the 
intensity primarily by increasing the weight in combination with a 
reduction of the repetition rate. The progressive resistance training was 
guided by the 1RM or multiple RM (n = 8) methods, BORG Scale (n = 4) 
or both (Rydwik et al., 2008). During the introduction period, or at high 
velocities (Cadore et al., 2014) resistance training was performed with 
40–60% of 1RM. Subsequently, intensity was set to “somewhat hard” 
(12–14 according to the BORG Scale) or 70–80% of 1RM. In some cases, 
90% (Hauer et al., 2001) to 100% of 1RM (Greiwe et al., 2001) were 
applied. The last set was predominantly performed until fatigue. Exer-
cise order and resting/recovery periods were described only in two 
studies as 1 min between the sets or 3–4 min between the circuits. Ac-
cording to the authors, no adverse events related to the training in-
terventions occurred during the interventions. However, seven studies 
made no reference to any adverse events (Cadore et al., 2014; Greiwe 
et al., 2001; Gudlaugsson et al., 2012; Kryger and Andersen, 2007; 
Mueller et al., 2009; Rydwik et al., 2008; Sylliaas et al., 2011). 

The control groups experienced usual care, cognitive training, social 
interaction, general health education, mobility exercises, low-intensity 
training with body weight or hand-held weights (Hauer et al., 2001; 

Hauer et al., 2012) or physiotherapy (Hauer et al., 2001). 
The measurement methods applied to CST, GS and gait speed test 

varied throughout the studies (Table 1), whereas those applied to SPPB, 
TUG and 6MWT were conducted relatively consistently. The CST (n = 7) 
was performed with 3–10 repetitions or in 30s, the GS (n = 4) with a 
handheld or fixed (chair) dynamometer and the gait speed test (n = 8) 
over 3–15 m with maximal or habitual velocity. The SPPB was applied 
(n = 2) according to Guralnik et al. (1994), TUG was applied (n = 7) 
according to Podsiadlo and Richardson (1991) and the walk test was 
conducted (n = 2) as a 6MWT. Most studies analysed muscle function 
using the gait speed test, followed by CST and TUG (Table 1). 

3.2. Primary outcome measures (assessment and confirmation of 
sarcopenia) 

3.2.1. Functional muscle strength tests (CST, GS) 
In total, 513 participants were involved in the meta-analysis of the 

CST-results. Six out of seven studies improved in comparison to the 
control groups. The standardised mean difference was − 0.92 (95% CI: 
− 1.11, − 0.73; p < 0.01), reflecting enhanced leg muscle strength after 
the interventions (Fig. 2). Meta-analysis of GS of 239 participants did not 
reveal any statistically relevant changes in the standardised mean dif-
ference (0.08; 95% CI: − 0.18, 0.33; p = 0.57) (Fig. 2). Two out of 4 
studies improved in comparison to the control groups. 

Improvements in the CST of intervention groups involved in the 
seven studies ranged between 1.7 s and 21.7 s in a pre-set number of 
repetitions or 1 repetition and 3.6 repetitions in 30 s, respectively, and 
were significantly different from the control groups (Cadore et al., 2014; 
Gudlaugsson et al., 2012; Hauer et al., 2001; Hauer et al., 2012; Sylliaas 
et al., 2011) except for those of Ansai et al. (2016) and Rydwik et al. 
(2008). Most of the control groups (n = 5) demonstrated a decline in 
physical performance. The results of the GS measured in kilogrammes 
(kg) or Newton (N) were less consistent. The GS for the intervention 
groups in three out of four studies improved significantly in comparison 
to the control groups, by 2.2 kg, (Hassan et al., 2016) and 18 N (Cadore 
et al., 2014) or non-significantly, by 11.3 N (Gudlaugsson et al., 2012). 
Three studies stated a decline in GS within the control groups. 

3.2.2. Muscle quantity tests (MRI, CT, DXA, BIA) 
Different methods were used to analyse changes in muscle mass. The 

gold standard (MRI) was used only once by Kryger and Andersen (2007) 
to analyse the cross-sectional area (CSA) of the m. quadriceps femoris. 
Cadore et al. (2014) examined the same outcome through using the CT 
method. Both studies revealed a significant (from zero) improvement of 
2.7 or 2.6 cm2 in CSA in the intervention groups. The intervention group 

Table 1 (continued ) 

Study 
(Country) 

N 
(IG/CG) 

Sex 
F/M 

Age 
MW ±
SD 
[y] 

Frailty; 
Sarco-penia 
Type 
(baseline 
propor- 
tion) 

Residential 
status 

Resistance training 
Components, equipment 

Other treatments Dose 
Time, 
frequency, 
duration 

Outcomes related 
to sarcopenia 

groups 
(25/25) 

Mobility): leg press, dips, pull- 
down; 
functional muscle strength 
training (chair stand, step-up, 
toe raise with or without a 
weight belt) 

movements), balance 
exercises, stretching, 
Qigong, general diet advice 

12 weeks, 
2×/week, 
1 h 

CST (30 s), gait 
speed (10 m, max.), 
TUG 

Sylliaas 2011 
(Norway) 

150 
(100/50) 

123/27 IG: 82.1 
± 6.5 
CG: 82.9 
± 5.8  

Community- 
dwelling 

4 exercises: standing knee 
flexion (with weight belts), 
lunge (pass forward with 
weight belts), sitting knee 
extension (Technogym) and leg 
extension (Technogym) 

Aerobic exercise (stationary 
bicycle or treadmill, daily 
walking), home training 
programme (knee flexion, 
lunge) 

12 weeks, 
2×/week, 
45–60 min 

CST (10 reps), gait 
speed (10 m, max.), 
TUG, 6MWT 

Notes: CST, chair-stand-test; GS, grip strength test; SPPB, Short Physical Performance Battery; TUG, Timed-Up-and-Go-test; 6MWT, 6 min-walk-test; DXA, dual-energy 
X-ray absorptiometry; BIA, bioelectrical impedance analysis; MRI, magnetic resonance imaging; CT, computed tomography; IG, intervention group; CG, control group; 
CSA, cross-sectional area; N/A, not available; F, female; M, male; a, randomised. 
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of Cadore et al. (2014) improved significantly in comparison to the 
control group, too. Other authors used BIA (Caserotti et al., 2008; 
Hassan et al., 2016; Kim et al., 2016) or DXA (Greiwe et al., 2001; 
Mueller et al., 2009) to measure the total body skeletal muscle mass 
index (SMI), appendicular skeletal muscle mass (ASM), lean body mass 
or relative thigh muscle mass (Table 1). Only Mueller et al. (2009) re-
ported a significant improvement in relative thigh muscle mass for the 
intervention group (2%) in comparison to the control group. The data 
were too scarce and the methods too heterogenous for meta-analysis. 

3.3. Secondary outcome measures (severity of sarcopenia) 

In the meta-analysis, the standardised mean difference between 
intervention and control group for the gait speed test was 0.46 (n = 582; 
95% CI: 0.29, 0.63; p < 0.01; n = 8); for the SPPB 0.63 (n = 299; 95% CI: 
0.40, 0.86; p < 0.01; n = 2); for the TUG − 0.62 (n = 473; 95% CI: − 0.81, 
− 0.44; p < 0.01; n = 6); and for the 6MWT 0.56 (n = 256; 95% CI: 0.30, 
0.82; p < 0.01; n = 2), reflecting enhanced physical performance for all 
tests post-intervention as compared to the control groups (Fig. 3, Ap-
pendix B). 

In all studies, physical performance improved after the exercise 
intervention in the intervention groups. For SPPB (n = 2), TUG (n = 7) 
and 6MWT (n = 2), the performances rose significantly in comparison to 
the control groups (Cadore et al., 2014; Gudlaugsson et al., 2012; Hauer 
et al., 2001; Hauer et al., 2012; Hewitt et al., 2018; Mueller et al., 2009; 
Sylliaas et al., 2011) except of the TUG in Rydwik et al. (2008). The 
times in the gait speed test (n = 8) only improved significantly in 
comparison to the control groups of Hauer et al. (2001, 2012) and 
Cadore et al. (2014). 

The average baseline values of the participants for each study were 
classified as sarcopenic according to the EWGSOP for most of the 
included CSTs and gait speed tests. In contrast, baseline mean values for 
GS or TUG were classified less often as sarcopenic (Table 2). Baseline 
values for SPPB and 6MWT comprised both sarcopenic and normal mean 
values (1:1) in the analysed studies. After intervention, four intervention 
groups with sarcopenic mean values managed to improve to normal 
values, but only for CST (2 studies) and TUG (2 studies). Control groups 
only improved in TUG following the intervention phase (Sylliaas et al., 
2011) and developed sarcopenic values in GS (2 studies) and TUG. In all 

other cases, the status of the intervention and control groups remained 
the same in terms of sarcopenia (Table 2). 

3.4. Additional analysis 

In the sub-group analysis, residents of retirement homes (Cadore 
et al., 2014; Hassan et al., 2016) (n = 65) showed improved GS following 
the interventions, with a standardised mean difference of 0.76 (95% CI: 
0.25, 1.27; p < 0.01) (Appendix B). In comparison, Kim et al. (2016) 
(community-dwelling older adults, n = 68) and Gudlaugsson et al. 
(2012) (mixed population, n = 106) did not report significant differ-
ences in the GS between intervention and control groups at the end of 
the interventions. 

The drop-out-rate, calculated from the baseline examination until 
the end of the intervention (retest) for both the intervention and control 
groups, was around 10% for most of the studies, reaching 25% (Cadore 
et al., 2014) at most. Adherence rates to the progressive resistance 
training were documented in half of the studies and ranged between 
28.4% (Hassan et al., 2016) and 93.9% (Hauer et al., 2012). 

3.5. Quality of evidence 

The blinding of participants and personnel was exposed to high RoB 
for almost all studies except for Hauer (2001 & 2012). Random sequence 
generation demonstrated low or unclear RoB exclusively. The other 
categories were at low, unclear or high RoB for all studies (Table 3). The 
studies conducted by Hauer et al. (2012), Hewitt et al. (2018) and Syl-
liaas et al. (2011) were predominantly exposed to low RoB, while 
Greiwe et al. (2001) and Hassan et al. (2016) demonstrated three cat-
egories of high RoB (Table 3). 

The total RoB score created for the GRADE approach weighted per-
formance, detection and reporting bias less than the other categories. 
These categories were hard to accomplish and older studies were not 
rigorously structured by CONSORT guidelines (Schulz et al., 2010). Half 
of the studies were at high RoB (Table 3) and only one study was at low 
RoB (Hauer et al., 2012). 

A quality assessment undertaken based on the GRADE approach 
(Appendix C) revealed that the quality of evidence for each outcome in 
the meta-analysis needed to be downgraded by one to three levels, from 

a) Grip strength test

b) Chair-stand-test

Fig. 2. Effects of machine-based progressive resistance training interventions on parameters of muscle strength.  
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high to moderate (SPPB, 6MWT), low (CST, gait speed test, TUG) or very 
low (GS). This assessment was due to limitations in study design or 
execution (GS, TUG). Evidence of GS and TUG contained predominantly 
studies with high RoB (Table 3). Furthermore, the evidence 

demonstrated a substantial (<0.01) inconsistency, i.e. heterogeneity 
(CST, gait speed test, TUG), and imprecision (GS, SPPB, 6MWT) due to 
small outcome sample sizes (Appendix C). 

a) Gait speed test

b) Timed Up and Go test

Fig. 3. Effects of machine-based progressive resistance training interventions on parameters of physical performance.  

Table 2 
Sarcopenia threshold values (EWGSOP) and classification of the study population.  

Threshold EWGSOP N CST Grip strength testA Gait speed test SPPB TUG 6MWT 

>15 s ♀ < 16 kg 
(♂ < 27 kg) 

≤0.8 m/s ≤8 points ≥20 s <400 m 

Baseline End Baseline End Baseline End Baseline End Baseline End Baseline End 

Ansai, 2016 All IG↑ 
CG↑ 

IG↑ 
CG↑           

Cadore, 2014 ♀  

♂   

IG ↑ 
CG ↑ 
(IG ↓ 
(CG ↓ 

IG ↑ 
CG ↓ 
IG ↓) 
CG ↓) 

IG ↓ 
CG ↓ 

IG ↓ 
CG ↓   

IG ↓ 
CG ↓ 

IG ↓ 
CG ↑   

Gudlaugsson, 2012 ♀  

♂ 

IG ↓ 
CG ↓ 

IG ↓ 
CG ↓ 

IG ↑ 
CG ↑ 
(IG ↑ 
(CG ↑ 

IG ↑ 
CG ↑ 
IG ↑) 
CG ↑) 

IG ↓ 
CG ↓ 

IG ↓ 
CG ↓ 

IG ↑ 
CG ↑ 

IG ↑ 
CG ↑ 

IG ↓ 
CG ↓ 

IG ↓ 
CG ↓ 

IG ↑ 
CG ↑ 

IG ↑ 
CG ↑ 

Hassan, 2016 ♀  

♂   

IG ↑ 
CG ↑ 
(IG ↓ 
(CG ↓ 

IG ↑ 
CG ↓ 
IG ↓) 
CG ↓) 

IG ↓ 
CG ↓ 

IG ↓ 
CG ↓       

Hauer, 2001 ♀ IG ↑ 
CG ↑ 

IG ↓ 
CG ↑   

IG ↓ 
CG ↓ 

IG ↓ 
CG ↓   

IG ↑ 
CG ↑ 

IG ↓ 
CG ↑   

Hauer, 2012 All IG ↑ 
CG ↑ 

IG ↓ 
CG ↑   

IG ↑ 
CG ↑ 

IG ↑ 
CG ↑   

IG ↓ 
CG ↓ 

IG ↓ 
CG ↓   

Hewitt, 2018 All       IG ↓ 
CG ↓ 

IG ↓ 
CG ↓     

Kim, 2016 ♀   IG↑ 
CG↑ 

IG↑ 
CG↑ 

IG ↑ 
CG ↑ 

IG ↑ 
CG ↑       

Rydwik, 2008 All     IG ↑ 
CG ↑ 

IG ↑ 
CG ↑   

IG ↓ 
CG ↓ 

IG ↓ 
CG ↓   

Sylliaas, 2011 All IG↑ 
CG↑ 

IG↑ 
CG↑   

IG ↓ 
CG ↓ 

IG ↓ 
CG ↓   

IG ↑ 
CG ↑ 

IG ↓ 
CG ↓ 

IG ↓ 
CG ↓ 

IG ↓ 
CG ↓ 

Notes: CST, chair-stand-test; SPPB, Short Physical Performance Battery; TUG, Timed-Up-and-Go-test; 6MWT, 6 min-walk-test; IG, intervention group; CG, control 
group; ↑, test result higher than the threshold; ↓, test result lower than the threshold; A, test results are for women and men combined; in bold, thresholds were exceeded 
after intervention. 
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4. Discussion 

Sarcopenia is a muscle failure which manifests itself in many forms 
and is becoming more widespread in today's ageing western community. 
To counteract the negative consequences of sarcopenia, progressive 
resistance training is an option that has been investigated in the past 30 
years. This systematic review and meta-analysis summarised the body of 
evidence surrounding the potential of machine-based resistance training 
in preventing and treating sarcopenia in the fragile population of the 
oldest old. 

The review and meta-analysis revealed remarkable improvements 
for the CST (− 0.92; 95% CI: − 1.11, − 0.73) post-intervention, indicating 
that leg strength can be improved particularly effectively through pro-
gressive resistance training. Further literature suggests that these im-
provements may aid enhanced gait balance, reduced fear of falling 
(Toebes et al., 2015) and reduced risk of falling (Cho et al., 2012) as 
positive consequences. 

In turn, the results of the meta-analysis for GS showed only slight, 
insignificant improvements (0.08; 95% CI: − 0.18, 0.33; p = 0.57). Near- 
constant GS values post-intervention may reflect a difficulty in upper- 
limb strengthening among the oldest old in general. The high number 
(n = 6) of interventions included in the review that focus exclusively on 
lower limb training is an indication of the limited interest in and 
weighting of upper-body strength and GS (Tietjen-Smith et al., 2006) 
among the oldest old population, even though low GS is associated with 
death (Leong et al., 2015). 

An analysis of muscle quantity tests revealed significant improve-
ments in relative thigh muscle mass and CSA of m. quadriceps femoris 
due to progressive resistance training. These results indicated the exis-
tence of an association with the enhanced leg muscle strength in CST 
performance in this meta-analysis. Muscle quantity tests were examined 
less frequently than muscle strength tests and therefore these tests were 
not comparable in a meta-analysis. Moreover, inconsistent methodology 
and measuring devices complicated the comparability. The devices BIA 

Table 3 
Methodological quality assessment (risk of bias). 

Notes: Green, low risk of bias; orange, some concerns; red, high risk of bias. 
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and DXA were predominantly employed as they are cheaper and 
portable (BIA) in comparison to MRI or emit less radiation (DXA) than a 
CT. Although muscle strength is the decisive factor for assessing sarco-
penia (Cruz-Jentoft et al., 2019), further research should additionally 
address muscle quantity in order to draw valid conclusions about the 
state of sarcopenia in older populations and the efficacy of interventions. 
Further steps could include analysis of muscle quality. 

Tests to determine the severity of sarcopenia were improved post- 
intervention in all of the reviewed studies, indicating better physical 
performance. Meta-analysis revealed significant improvements in the 
gait speed test, TUG, SPPB and 6MWT (Fig. 3, Appendix B), reflecting 
enhanced gait balance, leg strength, endurance (6MWT) and risk of 
falling (Welch et al., 2020). There were clear improvements in five out of 
six studies for the TUG post-intervention (− 0.62; 95% CI: − 0.81, 
− 0.44). Without the outlier (Rydwik et al., 2008), the quality of evi-
dence would be high. The gait speed test was less improved after 
intervention (0.46; 95% CI: 0.29, 0.63). It was performed with varying 
measurement methods in eight studies inducing a high inconsistency of 
the results, which may explain why less improvement was achieved than 
in the other examined lower-body functional tests (CST, TUG, SPPB, 
6MWT). Although it is a very popular test for the ageing population, a 
standardised version should be compiled to achieve comparable results. 
It is already well accepted that the habitual gait speed test is more 
reliable than the maximal gait speed test (Rydwik et al., 2012). The 
included studies applied the maximal gait speed test until 2012 and, 
after this time, exclusively the habitual gait speed test. Both, SPPB and 
6MWT were only conducted in two studies, with clear improvements 
following the intervention. 

The prevalence of frailty or sarcopenia in the study population was 
rarely stated in the analysed articles. In addition, the applied methods 
for diagnosing sarcopenia were often not presented clearly (Table 1). 
Only Hassan et al. (2016) applied the approach of the EWGSOP to define 
their population as 35.7% sarcopenic. By comparison, Iannuzzi-Sucich 
et al. (2002) and Morley et al. (2014) defined sarcopenia by low muscle 
mass and identified 31 and 50% of the population over 80 years as 
sarcopenic, respectively. 

Mean baseline muscle strength test results were predominantly sar-
copenic for CST and age-appropriate for GS among the oldest old ac-
cording to the sarcopenia threshold values of the EWGSOP (Table 2). 
Mean results of the CST improved in two studies – post-intervention – 
from sarcopenic to non-sarcopenic, while the mean results in GS 
changed from non-sarcopenic to sarcopenic in the control groups of two 
studies exclusively. These results indicated that upper-body strength 
among the oldest old, as measured by GS, was in a healthier condition 
than their leg strength, as measured by CST. Resistance training in-
terventions had the potential to increase leg strength and regain healthy 
conditions. 

The severity of the sarcopenia, based on the EWGSOP thresholds, 
was analysed in the reviewed articles. The mean results of the gait speed 
test in all of the studies were worse at baseline and remained sarcopenic 
post-intervention in contrast to those of the TUG (Table 2). It could be 
argued that the threshold for the gait speed test is probably too strict for 
the population of the oldest old as both tests measure similar capacities. 
Sarcopenic status in SPPB and 6MWT was difficult to evaluate, given the 
inclusion of just two studies. 

Sub-group analysis of residential status revealed that the institu-
tionalised population can be addressed particularly effectively in terms 
of GS (Appendix B). Inactivity and low upper-body strength pre- 
intervention may have contributed to the improvement in retirement 
home residents in comparison to older adults living in the community. 
Short in-house distances, coupled with the supporting staff, are two 
examples that might have enhanced adherence within retirement homes 

and therefore additionally improved the efficacy of the interventions. 
The definition of adherence, the intervention time span and the training 
frequency were different for each study. A direct comparison was 
therefore not possible. Further research should include populations from 
various retirement homes to demonstrate and confirm the cited advan-
tages in terms of enhanced adherence and training efficacy for other 
sarcopenia-related parameters. 

A high number of studies was excluded due to an intervention time of 
less than 12 weeks. Only four studies applied a longer intervention time 
(Table 1). Differences in efficacy due to the intervention time were not 
emphasised in this review. Follow-up tests revealed sustainable positive 
effects three (Hauer et al., 2012; Rydwik et al., 2008) or six months 
(Gudlaugsson et al., 2012) following the three and six-month interven-
tion time spans, respectively. 

No adverse events associated with machine-based progressive resis-
tance training were found (or stated), an indication that the intervention 
was safe for the population of the oldest old. Similarly, no harm or in-
juries resulted during long, intensive training sessions lasting 1.5 h with 
up to 90% of 1RM, (Hauer et al., 2001). Moreover, adherence did not 
waive as a result of the intense training. 

Some limitations must be considered in this review. A high average 
age of 80 years or older was chosen to address the oldest old. However, 
this proceeding also implies an inevitable small proportion of middle- 
aged people included in the review. 

With regard to the study quality, the potential risk of bias was 
evaluated in all of the reviewed articles using the RoB tool as the com-
mon international standard in systematic reviews. Performance bias was 
difficult to avoid given the nature of the intervention (Table 3), i.e. that 
participants and study personnel in a training intervention can hardly be 
blinded for participation. Only one study managed to blind the partici-
pants as they had not been informed of the different degrees of effec-
tiveness of the two training regimens, one of which was low-intensity 
resistance training that served as a control group (Hauer et al., 2012). 
The authors describe their procedure as “double-blinded”, but it is un-
certain whether, in addition to the participants and assessors, the study 
personnel were also blinded (which is unlikely). Attrition bias was hard 
to avoid due to the small study populations. Appraisals of very old 
people, especially during intervention studies involving physical activ-
ity, suffer from small sample sizes. In this review, more than half of the 
studies comprised less than 50 participants (n = 8 studies) indicating a 
low power of the original articles. Additionally, studies with participants 
belonging to different clusters were included (Hassan et al., 2016; 
Hewitt et al., 2018), i.e. retirement homes. Intention-to-treat analysis 
was not regularly applied, or was unclearly described. The definition of 
the primary endpoints (sample size calculation) was often neglected. 
Reporting bias was difficult to classify as study protocols were barely 
available and the outcomes of interest often poorly reported (e.g. 
missing concrete p-values). The latter is also due to the divergent re-
quirements in former publications. Altogether, half of the studies were at 
high RoB (GRADE total), with limitations in study design or execution 
lowering the comparability and the impact of the results (Table 3). 

The quality of evidence of the studies included in the meta-analysis 
was assessed using the GRADE approach (Appendix C). Quality of 
SPPB and 6MWT evidence was moderate, but with only two studies 
included (SPPB, 6MWT), it is important to acknowledge the large po-
tential impact if the observed effect of one study differs in size or di-
rection. It can be argued that enhanced heterogeneity (CST, gait speed 
test, TUG) is a result of outliers (Cadore et al., 2014; Rydwik et al., 2008; 
Sylliaas et al., 2011) in the first place. Without them, the evidence would 
be moderate or even high. The evidence of GS is of very low quality and 
must be contemplated with caution. 

Strengths of the review and meta-analysis are rooted in the choice of 
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PICOs. They were chosen for the examination of sarcopenia based on the 
EWGSOP. To gain stimuli that are effective for muscle training, studies 
with progressive machine-based resistance training of at least 3 months 
(12 weeks) were included exclusively. To maintain a high level of 
quality, studies published before 2000 and those that did not meet the 
requirements of randomised controlled trials were excluded from the 
analysis. To generalise the results, studies that included hospitalised 
older adults were excluded from the review. In order to ensure greater 
comparability, interventions that were accompanied by any additional 
individual dietary supplementation were excluded. The resulting small 
number of included studies (14 out of 779) is also an indicator for a lack 
of adequate long-term progressive resistance training interventions for 
the oldest old in present society. 

5. Conclusion 

This systematic review indicated that progressive machine-based 
resistance training was an efficacious training method to enhance 
muscle strength, muscle quantity and physical performance in the oldest 
old. Although the data for muscle quantity were still insufficient for 
further meta-analysis. 

The results of the meta-analysis revealed that the primary outcome 
measures which identify sarcopenia based on the EWGSOP improved 
significantly in terms of CST but not in terms of GS. As a secondary 
outcome of the meta-analysis, the physical performance tests TUG, gait 
speed test, SPPB and 6MWT also showed significant improvements. 
Thus, leg strength, gait balance, risk of falling and endurance may be 
specifically addressed through machine-based progressive resistance 
training in this age group. 

Further analysis revealed that progressive resistance training in-
terventions have the potential to shift sarcopenic into non-sarcopenic 
group mean values (threshold of the EWGSOP) especially for leg 
strength (CST) and physical performance (TUG). 

The evidence comprised studies with high risk of bias, heterogeneity 
of measurement methods, and small sample sizes. More research is 
needed to address muscle quantity and upper-body strength in training 
and testing among the oldest old. 
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ternational Prospective Register of Systematic Reviews (PROSPERO 
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Appendix A. Search strategy: progressive machine-based resistance training for prevention and treatment of sarcopenia in the oldest 
old. 

PubMed (https://pubmed.ncbi.nlm.nih.gov/): 

(((“Resistance Training” OR “strength training”) AND (“Sarcopenia”[Mesh] OR “Body Composition”[Mesh] OR “Hand Strength”[Mesh:NoExp] OR 
“chair stand test” OR “chair rise test” OR “sit to stand test” OR “short physical performance battery” OR “Walking”[Mesh] OR “timed up and go test” 
OR “exercise test”[Mesh])) AND (Randomized Controlled Trial[ptyp] AND (“2000/01/01”[PDat]: “2008/12/31”[PDat]) AND (German[lang] OR 
English[lang]) AND aged, 80 and over[Mesh)) OR (“Resistance Training”[Mesh] AND (“Sarcopenia”[Mesh] OR “Body Composition”[Mesh] OR “Hand 
Strength”[Mesh:NoExp] OR “chair stand test” OR “chair rise test” OR “sit to stand test” OR “short physical performance battery” OR “Walking”[Mesh] 
OR “timed up and go test” OR “exercise test”[Mesh]) AND (Randomized Controlled Trial[ptyp] AND (“2009/01/01”[PDat]: “2019/12/31”[PDat]) 
AND (German[lang] OR English[lang]) AND aged, 80 and over[Mesh])) 

Filter: randomised controlled trial (RCT), 80+, language (English and German), time span (2000− 2020). 
Last update: 31.12.2020 

Web of Science (www.webofknowledge.com): 

((elderly OR old* OR age* OR resident*) AND (“resistance training” OR “strength training”) AND (sarcopenia OR “body composition” OR “grip 
strength” OR chair-stand-test OR chair-rise-test OR sit-to-stand-test OR “short physical performance battery” OR “walking speed” OR “gait speed” OR 
timed-up-and-go-test OR “walk test”) AND “randomi?ed controlled trial”) 

Filter: language (English, German not available), time span (2000–2020), article*. 
*Age and RCT not possible! 
Last update: 31.12.2020 
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CINAHL (https://www.ebsco.com/de-de/produkte/datenbanken/cinahl-datenbank): 

(((MH “Muscle Strengthening”) OR (MH “Resistance Training”)) AND (((MH “Sarcopenia”) OR (MH “Body Composition”) OR (MH “Grip 
Strength”) OR (MH “Rising”) OR (MH “Walking Speed”) OR (MH “Exercise Test, Muscular”) OR “short physical performance battery” OR timed-up- 
and-go-test)) 

Filter: language (English, German not available), time span (2000–2020), age (80+)*. 
*RCT filter too strict! 
Last update: 27.04.2020 

Appendix B. Effects of machine-based progressive resistance training interventions on parameters of muscle strength and physical 
performance.  

a) Grip strength test institutionalised seniors 

b) Short Physical Performance Battery 

c) 6 min-walk-test 
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Appendix C. Quality of evidence (GRADE approach). 

Notes: 
Very low → We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect. 
Low → Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect. 
Moderate → We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is 
substantially different. 
High → We are very confident that the true effect lies close to that of the estimate of the effect. 
R → Red, high risk of bias 
O → Orange, some concerns 
G → Green, low risk of bias 
I2 → Heterogeneity measure (%) 
CST → Chair-stand-test 
SPPB → Short Physical Performance Battery 
TUG → Timed-Up-and-Go-test 
6MWT → 6 min-walk-test 
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