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Background: Many clinical practice guidelines strongly recommend exercise as an intervention for patients with sarcopenia. However, the significance of exercise on patient-important outcomes in older adults with sarcopenia is inconsistent when considering available minimal important differences. To synthesize current systematic review and meta-analyses evidence on the efficacy of exercise on patient-important outcomes in the treatment of sarcopenia in older adults.

Methods: We searched MEDLINE, EMBASE, Cochrane Library (Cochrane database of systematic review, CDSR) via OvidSP and Web of science until April 2021 and reference lists. Two independent investigators performed abstracted and title screening, assessed the full text and quality of evidence. This umbrella review included systematic reviews and meta-analyses of randomized controlled trials (RCTs). Eligible reviews aim to evaluate the effect of exercise on patient-important sarcopenic outcomes (muscle or physical function, mortality, and quality of life) in treating sarcopenia in older people. We used the minimally important differences (MIDs) of these outcomes to assess if the effects of exercise matter to patients.

Results: This umbrella review provided a broad overview of the existing evidence and evaluated the systematic reviews' methodological quality and evidence for all these associations. In older patients with sarcopenia, moderate- to high-quality evidence showed that exercise intervention probably increases walking speed and improved physical performance (measured by TUG test); exercise may increase the muscle strength (grip strength, keen extension strength); but the effect size for grip strength probably too small to achieve patients important changes. Evidence for older people with sarcopenic obesity is limited, and we found the consistent effect of exercise interventions on grip strength and usual walking speed.

Conclusion: Exercise has a positive and important effect on physical performance for older adults with sarcopenia, which supports leaving the current recommendations unchanged. New systematic reviews to summarize the effect of exercise on the quality of life are warranted to fill the current evidence gap.
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INTRODUCTION

Sarcopenia is a generalized and progressive skeletal muscle disorder that involves the accelerated loss of muscle mass and muscle function (1) and has been recognized as an independent disease with an International Classification of Diseases-10 code (M62.84) by the World Health Organization (WHO) in 2016 (2). Recognition of sarcopenia as a disease has led to major research efforts into the best screening, diagnosis, treatment, and management practices.

People with malnutrition are at a high risk of sarcopenia and these two common geriatric syndromes are closely related to each other (3). However, there is another state that co-exisit of sarcopenia and obesity, which refers to sarcopenic obesity (4). Sarcopenia synergistically worsens the adverse effects of obesity in older adults. Obesity also impairs muscle quality and decreases physical function (5, 6). Sarcopenic obesity combines the negative effects of sarcopenia and obesity in older adults and can result in metabolic problems, poor quality of life, disability, hospitalization, and death (7). By translating current, comprehensive evidence into clinical practice, it may be possible to reduce the risk for functional decline, falls, fractures, hospitalization, and mortality associated with sarcopenia or sarcopenic obesity (8, 9).

The most widely cited definition is proposed by the European Working Group on Sarcopenia in Older People (EWGSOP) (10) and updated as EWGSOP2 (11) in January 2019. In clinical practice, a person with low muscle strength and low muscle mass or quality will be diagnosed with sarcopenia by EWGSOP2. The WHO has shifted the focus of providing comprehensive care for older adults from a disease-centred model to a function-centred model. Emphasis on muscle strength and physical function can merit lifelong monitoring. According to the evidence-based clinical practice guidelines published in 2018, grip strength, keen extension strength, walking speed are regarded as critically important (12). Therefore, we defined the patient important outcome as muscle function, physical function, all-cause mortality and quality of life.

The current non-pharmacological interventions for sarcopenia are mainly exercise and nutritional interventions. Because of the lack of high-quality evidence for nutrition, in this paper, we focus on evidence examining exercise interventions compared to background therapy (with or without nutritional intervention). In detail, we included the following comparisons: exercise alone vs. usual care, exercise plus nutrition vs. nutrition alone. Based on previous systematic reviews, most guidelines provided strong recommendations for exercise/physical activity as the primary treatment for older adults with sarcopenia (12–15). A previous systematic umbrella review supports that resistance training or multimodal exercise therapy (includes a combination of resistance training, aerobic training, balance training, walking, and other types of training) can improve muscle mass, muscle strength, and physical performance in patients with sarcopenia (16). However, another umbrella review demonstrated limited quality evidence of the positive effects of mixed and resistance training in treating sarcopenia (17). Although previous systematic reviews reported that exercise had a statistically significant impact on related measurement, they did not assess if these changes exceed patients' minimal important difference (MID). Due to the inconsistency of the evidence described above and lack of considering MID among previous systematic reviews, we performed an umbrella meta-analysis based on all the current evidence already studied to understand better the role of exercise in the treatment for sarcopenia.



METHODS


Search Strategy

We searched MEDLINE, EMBASE, Cochrane Library (Cochrane database of systematic review, CDSR) via OvidSP and Web of science until April 2021 using a comprehensive search strategy (Supplementary Table 1) to find meta-analyses or systematic review. Search terms constructed coverage for umbrella reviews according to the PICOS framework. The searches will be developed and combined using broad search terms, keywords and MeSH terms: Participants (P): sarcopenia (e.g., sarcopeni* or myopeni* or dynaponi*); Study design (S): Review, Systematic review, meta-analysis, meta-regression, meta-synthesis, realist review, realist synthesis, rapid review, pragmatic review, umbrella review. In addition, we manually searched references that were finally included in the study. This meta-analysis was conducted according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines (18).



Selection Criteria

Two reviewers independently selected the titles, abstracts and full texts according to the inclusion and exclusion criteria. Any disagreements were solved by consensus and, if disagreement persisted, by a third reviewer. We included meta-analyses of RCTs that compared any category of exercise intervention with a control group of older patients (≥60 years) with sarcopenia. Sarcopenia diagnosed in any way was included. Also, research must be published in English. We only included the articles that have done meta-analysis, and systematic reviews without meta-analysis and animal studies were excluded.



Data Extraction

Data were extracted by one investigator, then checked by a second investigator. We first extracted data from eligible meta-analyses on the first author, year of publication, search date, number of trials, sample size, age, gender, interventions, diagnostic criteria of sarcopenia, duration of intervention and follow-up time, metric of effect size, effect size with 95% CI and value of I2. Second, meta-analyses investigating multiple outcomes were recorded separately. Third, if there are several meta-analyses on the same intervention and the same outcome, data were extracted from the largest meta-analysis (that is, we chose the effect size of the meta-analysis with the highest number of RCTs). Among them, we included a meta-analysis of the study with the largest number of RCTs (19), in which controlled clinical trial (CCT) was also included. We excluded CCT and re-extracted and merged the data of RCTs.



The Outcomes

The outcomes of interest were muscle or physical function, including but not limited to muscle strength, gait speed. Although sarcopenic obesity is a form of sarcopenia, it has its specific characteristics. We report the results of the study of patients with sarcopenic obesity separately. We are also concerned about the impact of exercise on mortality and quality of life in sarcopenia, as these are patient-important outcomes. We did not consider muscle mass because most people would not put much attention only on the outcome.



Quality Assessment

We used A MeaSurement Tool to Assess systematic Reviews 2(AMSTAR2) (20) to assess the methodological quality of meta-analysis. It retains 10 of the original domains, has 16 items in total (compared with 11 in the original), has simpler response categories than the original AMSTAR (21), includes a more comprehensive user guide, and has an overall rating based on weaknesses in critical domains (20). Seven domains (item 2,4,7,9,11,13,15) can critically affect the validity of a review and its conclusions be regarded as weaknesses. AMSTAR 2 does not have an overall score. In AMSTAR 2, the methodological quality was usually categorized as high (No or one non-critical weakness), moderate (More than one non-critical weakness), low (One critical flaw with or without non-critical weaknesses), and critically low (More than one critical flaw with or without non-critical weaknesses) (20). Two authors independently assessed the AMSTAR 2; any disagreements were solved by consensus and by a third reviewer if disagreement persisted.



Quality of Overall Evidence

We conducted quality of evidence assessment through the Grading of Recommendation Assessment, Development, and Evaluation (GRADE) framework, which evaluated the quality of evidence as high, moderate, low, and very low for each outcome in the pooled analyses (22) (see Supplementary Table 2). Two reviewers performed these assessments under the supervision of a third reviewer.



Data Synthesis and Analysis

Instead of searching all the primary RCT studies in meta-analyses and re-analyzing the summary estimates with 95% CI, we just extracted the existing effect size and 95% CI for each outcome (23). If some meta-analyses were confounded with controlled clinical trial(CCT), we excluded the CCT data and re-combined the effect sizes. The values of I2 in related meta-analyses were extracted as the measures of heterogeneity. We would perform Egger's test to assess the publication bias when the outcomes contained at least 10 studies. We also calculated the I2 statistic to assess heterogeneity when detailed original data were available (24, 25). A P value of <0.1 for Egger's test indicated statistically significant publication bias, and values of I2 > 50% was regarded as significant heterogeneity. If the P-value of Egger's test is <0.1, it could be evidence of small study effects (24, 26, 27). To assess if the effect is important to patients in the study, we used the minimally important difference (MID) of important sarcopenic outcomes. The MID for grip strength, walking speed, and a TUG test time were 5.0 kg (grip strength) (28), 0.10 m/s (walking speed) (29), 2.1 s (TUG test time) (30), respectively.




RESULTS


Literature Review

As shown in Figure 1, the parallel reviews identified 4,073 unduplicated articles across 4 databases. after screening at the title and abstract level, we reviewed 105 full-text articles for eligibility. We excluded 99 articles for the following reasons: systematic reviews without meta-analysis (n = 22), population is not or not all sarcopenia (n = 57), non-English (n = 15), Nutrition (n = 2), Vibration therapy (n = 1), No muscle or physical function (n = 2). Ultimately, we included six systematic reviews and meta-analyses. Of these, three articles (15, 19, 31) had a population with sarcopenia (including 9 summary effect sizes), two (32, 33) had a population with sarcopenic obesity (including 2 summary effect sizes), and one (34) was network meta-analysis. The interventions evaluated in the meta-analyses included exercise alone vs. usual care, exercise plus nutrition vs. nutrition alone. The characteristics of the included studies were shown in Table 1.


[image: Figure 1]
FIGURE 1. Evidence searches and selection.



Table 1. Characteristics of the included studies.
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Muscle or Physical Function Outcomes of a Population With Sarcopenia


Exercise Intervention vs. No Exercise

Three different meta-analyses of randomized controlled studies (RCTs) (15, 19, 31) analyzed the effects of exercise intervention (vs. no exercise) with sarcopenia on 6 outcomes (Table 2), grouped as follows: muscle strength (n = 2) and physical performance (n = 4). The exercise intervention was associated with an increase in grip strength, keen extension strength, usual/max walking speed, and decline in the time of TUG test, but was not associated with five chair stand time (Table 2). Exercise intervention increased the max walking speed and its effect size exceeding the MID threshold (MD = 0.26, 95% CI: 0.14–0.38 vs. 0.1 m/s, moderate certainty). Exercise intervention lowered the time of TUG with statistically significant differences and increased usual walking speed, and their effect sizes may exceed the MID threshold (MD = 0.09; 95% CI: 0.02–0.17 vs. 0.1 m/s for usual walking speed, low certainty and MD = −1.36; 95% CI: −2.19 to −0.53 vs. 2.1s for TUG, moderate certainty). Exercise intervention increased grip strength with statistically significant differences, but the effect size did not exceed the MID threshold (MD = 1.98; 95% CI: 1.18 to 2.78 vs. 5 kg, high certainty).


Table 2. Comparison of overlapping results between meta-analyses of RCTs in people with sarcopenia.

[image: Table 2]

In addition, the network meta-analysis in older adults with sarcopenia included 26 studies (34). Compared with the control group (no exercise), exercise increased handgrip strength (1.12 kg, 95% CI: 0.12–2.11) and improved dynamic balance assessed by timed up-and-go test and 8-foot up-and-go test (−1.76 s, 95% CI: −2.24, −1.28).



Exercise Plus Nutrition Intervention vs. Nutrition Intervention Alone

One meta-analysis (15) analyzed the effects of exercise plus nutrition intervention vs. nutrition intervention alone with sarcopenia on 3 outcomes (Table 2), grouped as follows: muscle strength (n = 1) and physical performance (n = 2). Nutrition plus exercise treatment was not associated with improvement in any of these outcomes compared to exercise alone (Table 2).




Muscle or Physical Function Outcomes of a Population With Sarcopenic Obesity


Exercise Intervention vs. No Exercise

Two different meta-analyses of randomized controlled studies (RCTs) (32, 33) analyzed the effects of exercise intervention (vs. no exercise) with sarcopenic obesity on 2 outcomes (Table 3), grouped as follows: muscle strength (n = 1), physical performance (n = 1). The exercise intervention was associated with an increase in grip strength and usual walking speed (Table 3). Exercise intervention increases the usual walking speed with statistically significant differences and may exceed the MID threshold (MD: 0.2; 95% CI: 0.07–0.33 vs. 0.1 m/s, moderate certainty). Exercise intervention increased the grip strength with statistically significant differences but did not exceed the MID threshold (MD: 1.70; 95% CI: 0.36–3.04 vs. 5 Kg).


Table 3. Comparison of overlapping results between meta-analyses of RCTs in people with obesity sarcopenia.
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Mortality and Quality of Life

We did not find a meta-analysis of mortality and quality of life in patients with sarcopenia but did have RCTs that assessed quality of life (35–37).



AMSTAR Assessment

According to the AMSTAR 2, among the six included meta-analyses, no meta-analyses had moderate methodological quality, two meta-analyses had low methodological quality, and four meta-analyses had critically low methodological quality (see Supplementary Table 3).



Publication Bias

Egger's regression tests showed no statistically significant publication bias for grip strength (Z = −0.18, P = 0.860) and no obvious asymmetry from the funnel plots (Supplementary Figure 1). However, for usual walking speed, we found statistically significant publication bias from Egger's regression test (Z = 2.52, P = 0.036) and obvious asymmetry from the funnel plots (Supplementary Figure 2).





DISCUSSION


Principal Findings

In this umbrella review, we provided a broad overview of the existing evidence and evaluated the methodological quality of the meta-analyses and quality of evidence for all these associations. In older patients with sarcopenia, moderate to high-quality evidence showed that exercise intervention probably increases usual walking speed (max) and improved physical performance (measured by TUG test); exercise may increase the muscle strength (grip strength, keen extension strength); but the effect size for grip strength probably too small to achieve patients important changes. Evidence for older people with sarcopenic obesity is limited, and we found the consistent effect of exercise interventions on grip strength and usual walking speed.



Comparison With Other Studies

Our research supports the recommendations from the clinical guideline by Dent et al. (12) and the umbrella systematic review (16) published in 2019 (exercise therapy can improve muscle strength and physical performance in patients with sarcopenia).

We found a statistically significant effect of exercise on grip strength, but the effect may not important to patients. It may be that the type of exercise in the studies we included was not divided into subgroups according to resistance exercise, aerobic exercise and combined exercise; if it had been resistance exercise, this value would probably have reached the MID. In addition, the MIDs were not generated from sarcopenic population as there is no MID for the sarcopenic population. The MID for grip strength in the sarcopenic population may be smaller than the MID for the people we select (American adults with recent stroke), the MID is an individualized thing, the MID only reflects the mean value of the population, which may be important for some individuals to change.



Strengths and Limitations

Our umbrella review had several strengths. (1) It provided a systematic, comprehensive overview of the evidence from all published meta-analyses regarding the role of exercise in the prevention of sarcopenia. (2) Another advantage of our literature study is that it provides a higher level of evidence than narrative reviews, and our umbrella review considers for inclusion the highest level of evidence (meta-analyses). (3) We also evaluated the methodological quality and quality of evidence by using the AMSTAR 2-criteria. Based on these scientific quality assessments, we concluded that the quality of our articles could be supported. (4) In the study, we also applied the minimally important difference (MID) for outcomes to assess if the effects matter to patients.

Our study also had several limitations. (1) Our umbrella review is dependent on the quality of the included systematic reviews/meta-analyses. We were unable to perform further subgroup analyses of exercise. Due to the lack of available evidence, we could not determine the most appropriate type (e.g., resistance exercise, aerobic exercise) or dose (e.g., duration, frequency, number of repetitions) of exercise to treat older adults with sarcopenia. (2) We did not assess the quality of individual randomized clinical trials and only combined the part of original data from selected clinical trials for analysis. (3) We ended up with a small number of included studies. This is also reflected by the fact that none of the included studies reported on the effect of exercise on mortality, quality of life, falls, fractures, etc., in patients with sarcopenia. There were also few included studies focused on obesity sarcopenia, evidence for older people with sarcopenic obesity is limited and needs further investigation. (4) Although several working groups have recommended definitions of “sarcopenia” (10, 38, 39), there are no universally accepted diagnostic criteria for sarcopenia, and these definitions vary slightly. The studies we included did not distinguish between these diagnostic criteria and included all studies that diagnosed sarcopenia, which may lead to a high degree of heterogeneity in our study. (5) Results should be viewed with caution due to the small sample size and the critically low methodology of meta-analysis.



Future Directions

To better guide clinicians in intervening with exercise in sarcopenia, the authors recommend that researchers apply the new operational definition of sarcopenia, using the recommended cut-points for identifying participants and measuring outcomes. Although exercise appears to improve sarcopenia in the short term, studies on long-term outcomes such as quality of life, and death are still needed. Large-scale RCT studies are needed to determine which types (e.g., resistance training, mixed training) and doses (e.g., frequency, repetitions, time) of exercise are more beneficial for older patients with sarcopenia. Exercise is a relatively low-cost and potentially low-risk treatment for sarcopenia. With the growing interest in sarcopenia, we need more and better research in this area to guide clinical practice.




CONCLUSION

Exercise has a positive and important effect on physical performance (walking speed and TUG test) for older adults with sarcopenia. The effect of exercise on muscle strength may not be important for older people with sarcopenia. Our results support leaving the current recommendations about exercise for older people with sarcopenia unchanged. New systematic reviews to summarize the effect of exercise on the quality of life or new clinical trials focus on all patients-important outcomes are warranted to fill the current evidence gap.
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