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Abstract
Background: Resistance training (RT) is considered as an effective method to increase muscle strength
and physical performance in elderly people. 

Methods: A search from the earliest record up to and including June 2019 was carried out using the
following electronic databases: PubMed, Scopus and Web of Science. The search strategy employed
combined the terms related to the population (e.g. ‘sarcopenia’, ‘frailty’) with terms for the intervention
(e.g. ‘resistance training’, ‘strength training’).

 Results: 11 studies including 2691 subjects were included in our meta-analysis (aged 64-98). Training
duration ranged from 8 to 48 weeks and intensity up to 80% of 1-RM. According to the meta-analyses, RT
had statistically signi�cant effect on all the measures except handgrip strength. In handgrip strength
Effect size (ES) was 0.58 (95 % CI: - 0.10 to 1.26) p = 0.076 with the moderate heterogeneity (I 2 = 58.6%).
ES in legs strength was 0.52 (95 % CI 0.11 to 0.92) p = 0.022, I 2 = 42.0 %. The biggest ES was in TUG test
where ES was 0.90 (95 % CI 0.19 to 1.60) p = 0.022, however, there was a high heterogeneity I 2 = 89.6.
The high ES was found also in FFM 0.69 (95 % CI 0.17 to 1.20) p = 0.025, and gait speed 0.41 (95 % CI
0.11 to 0.72) p = 0.017. In both cases, there was small heterogeneity I 2 = 13.2 % respective 38.3 %. The
overall ES was estimated 0.67 (95 % CI 0.40 to 0.93) p <0.001. Nevertheless, the heterogeneity was high I
2 = 78.1 %.

Conclusion: RT interventions in pre-frail, frail, pre-sarcopenic and sarcopenic older adults, provided
evidence that RT has positive effects on most of the outcome measurements included in the current
revision except handgrip strength.

1 Background
Human ageing results in variety of changes to skeletal muscle. The term ‘sarcopenia’ was for the �rst
time de�ned by Rosenberg et. al. in 1989 to indicate the loss of muscle mass that accompanies aging,
derived from Greek as ‘sarx’ standing for �esh and ‘penia’ standing for loss [1]. This syndrome is
characterized by degenerative loss of skeletal muscle mass and strength with a risk of physical disability,
poor quality of life and death [2,3]. The European Working Group on Sarcopenia in Older People
(EWGSOP) suggests the use of low muscle mass and low muscle function (strength or performance) in
order to accurately diagnose sarcopenia while to identify pre-sarcopenia EWGSOP recommends the use
of low muscle mass without in�uence on physical performance or muscle strength [4].

Frailty is an age-associated medical syndrome that embodies high risk for falls, disability, hospitalization,
and mortality among older adults [5–8]. The phenomenon of prevalence of frailty in people older than 65
years is high, increases with age [5,6,9] and may lead to disability [10,11]. The diagnosis of frailty
comprises three or more indicators, including physical impairments (e.g., low gait speed, fatigue, and low
grip strength), weight loss, and low physical activity, whereas the presence of pre-frailty de�nes one or
two indicators [6,12].
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De�nitions of both sarcopenia and frailty are still developing, both concepts distinctly overlap in their
physical aspects due to their close relationship with the aging process [13]. However, assessing
framework within which sarcopenia and frailty can be accommodated and studied is enormously
di�cult, because frailty and sarcopenia are the “two sides of the same coin” [14,15].

Previous studies showed that resistance training (RT) may weaken skeletal muscle function de�cits in
older adults [16]. Resistance training studies have consistently demonstrated signi�cant increases in lean
weight and metabolic rate, as well as signi�cant decreases in fat weight, beginning with the progressive
reduction in muscle mass and resting metabolism associated with inactive aging, [17]. Thus it seems
understandable that in order to improve muscle strength and physical performance in elderly people RT
was considered as an effective method of treatment against pre-sarcopenia, sarcopenia, pre-frailty and
frailty [18–21].

The purpose of this review was to use systematic review and meta-analytical approaches to examine the
effect of RT in the treatment of pre-sarcopenia or sarcopenia and pre-frailty or frailty in older people.

2 Methods

2.1 Search Strategy
A search from the earliest record up to and including June 2019 was carried out using the following
electronic databases: PubMed, Scopus and Web of Science. The search strategy employed combined the
terms related to the population (e.g. sarcopenia, frailty) with terms for the intervention (e.g. resistance
training, strength training). The titles and abstracts of the retrieved articles were individually evaluated to
assess the eligibility of studies to be included in the review and meta-analysis. The reviewers were not
blinded to the studies’ authors, institutions or journals of publication. Studies with abstracts that did not
provide su�cient information according to the inclusion criteria were retrieved for full text evaluation. The
authors registered systematic review in PROSPERO, International prospective register of systematic
reviews (ref: CRD42019138253) and conducted meta-analysis and systematic review in pursuance of the
PRISMA Statement (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [22].

2.2 Inclusion Criteria
The following inclusion criteria have been applied: (1) research papers released only in English; (2)
conference materials, theses, doctoral dissertations and monographs were eliminated; (3) TUG, FFM,
HGS, lower limbs strength and gait speed tests were taken into account; (4) RT intervention; (5) older
persons (starting at 64 years old); (6) symptoms of pre-frailty, frailty, pre-sarcopenia or sarcopenia must
have been diagnosed; (7) measured dynamic changes in muscle strength; and (8) 8 weeks duration.

2.3 Data Extraction
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The authors (KT and MS) extracted independently following variables: (1) descriptive data, including the
same sample size, age and RT experience; (2) characteristics of the RT training, including training
frequency, trial length, number of sets and number of repetitions per set; (3) muscular strength tests used;
and (4) the outcomes referred to muscle strength. Any discrepancies were cross-checked and discussed
between the authors.

2.4 Methodological Quality
The Downs and Black checklist was used to assess the quality of the methodology [23]. Studies were
rated on a scale from “poor quality” ( 11 points) to “good quality” (20–29 points), as in Hacket et. al. [24]
and Grgic et al. [25]. Two reviewers (KT and MS) were independently rating these studies. If there are any
disputes related to the quality assessment of the research, the third reviewer (EK) helped in obtaining
consent.

2.5 Statistical Analysis
The effect sizes (ES) were determined as the standardized mean differences between the resistance
training group and the control group. Random-effects meta-analysis was performed using robust
variance estimation (RVE) with small-sample corrections which allows for the inclusion of multiple effect
sizes from one study, even in the absence of information on the covariance of these effect sizes [26,27].
The RVE method requires a user to specify a value of within-study effect size correlation with the default
value of 0.8. A sensitivity analysis that used alternative correlational values found that their choice does
not impact the overall results of the meta-analysis. Statistical heterogeneity between trials was examined
using the I2 statistics, with values of I2 more than 25%, 50%, and 75% re�ecting low, moderate, and high
heterogeneity, respectively. All analyses were conducted using packages robumeta (version 2.0) and
metafor (version 2.0–0) in R version 3.4.4 (The R Foundation for Statistical Computing, Vienna, Austria).

3 Results

3.1 Study Selection
During the search of the databases the authors have found 490 results, among which 39 studies met the
inclusion criteria. Further tracking of the citations of the research via other sources resulted in another
122 search results. The authors also took into account the reference lists. However, they did not �nd
relevant results; for this reason, the overall number of studies comprising of meta-analysis is 11 and the
review is 16. The search stages and study selection process are showed in Figure 1.

3.2 Study Characterictics
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The mean duration of RT programs was approximately 22 weeks (range 8–48 weeks) and the most
common comparison of RT frequency was 2–3 times per week of training sessions (in 14 studies). Table
1 summarizes the studies analyzed and Table 2 shows related outcomes evaluated in the studies.

3.3 Meta-analyses
According to the meta-analyses, RT had statistically signi�cant effect on all the measures except
handgrip strength. In handgrip strength effect size (ES) was 0.58 (95 % CI: –0.10 to 1.26) p = 0.076
(Figure 2) with the moderate heterogeneity (I2 = 58.6%). ES in legs strength was 0.52 (95 % CI 0.11 to
0.92) p = 0.022, I2 = 42.0 % (Figure 3). The biggest ES was in TUG test where ES was 0.90 (95 % CI 0.19 to
1.60) p = 0.022, however, there was a high heterogeneity I2 = 89.6 (Figure 4). The high ES was found also
in FFM 0.69 (95 % CI 0.17 to 1.20) p = 0.025, and gait speed 0.41 (95 % CI 0.11 to 0.72) p = 0.017. In both
cases, there was small heterogeneity I2 = 13.2 % respective 38.3 % (Figures 5 and 6). The overall ES was
estimated 0.67 (95 % CI 0.40 to 0.93) p 0.001 (Figure 7). Nevertheless, the heterogeneity was high I2 =
78.1 %.

4 Discussion
This systematic review and meta-analysis, which aimed to retrieve recent evidence examined the role of
RT interventions in pre-frail, frail, sarcopenic and pre-sarcopenic older adults, provided evidence that RT
has positive effects on most of the outcome measurements included in the current revision.

There is an emerging body of evidence showing that RT appears to be as effective as aerobic exercise
training in reducing risk of several chronic diseases including sarcopenia [28]. The regular RT could
effectively disturb processes that contribute to the progression of aging as it pertains to the
mitochondrial theory [29]. Previous similar studies are in concordance with our �ndings. For example, a
meta-analysis focusing a protein supplementation with muscle strengthening exercise con�rmed that RT
signi�cantly contributed to the e�cacy of the intervention in terms of muscle strength and physical
mobility in elderly patients with a high risk of sarcopenia or frailty [30]. According to another meta-
analysis, RT was found as effective for improving strength among older adults, particularly with higher
intensity training and may be considered a viable strategy to prevent generalized muscular weakness
associated with aging [18].

This review was strengthened by the use of a systematic search, precise eligibility criteria and scrupulous
data extraction and quality assessment procedures. A robust variance estimate meta-analytical approach
was �rstly used to overcome the concern that studies may have had small sample sizes that provide
insu�cient power to detect signi�cant differences between the two training conditions.

Despite the efforts of the authors, this work has several limitations
that should be taken into account when interpreting the �ndings of
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this review.
Firstly, variables such as intensity (loading) varied signi�cantly between studies (from 65 to 100% of 1-
RM). According to Schoenfeld et. al. high-load training is considered as a greater than 60% of 1-RM [31]. It
is possible, however, that this affected the results.

Secondly, as authors mentioned earlier, several studies have corroborated the effects of protein
supplementation and RT [30]. However, creating a greater effect by combining these two is still seen as
contentious issue [32].

Lastly, we did not search studies published in non-English journals,
what could have contributed to omission of relevant studies.

5 Conclusion
RT interventions in pre-frail, frail, sarcopenic and pre-sarcopenic older adults, provided evidence that RT
has positive effects on most of the outcome measurements included in the current revision except
handgrip strength.

6 Abbreviations

EWGSOP: European Working Group on Sarcopenia in Older People

HGS: Handgrip strength

RCT: Randomized controlled trial

SRMA: Systematic review and meta-analysis

IWGS: International Working Group on Sarcopenia

PRISMA: Preferred Reporting Items for Systematic Reviews and
Meta-Analyses
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