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Objectives: Nowadays, there is a significant increase in the elderly population in many countries around the world, and sarcopenia is one of the most common consequences of this with resistance training being one of the best treatments. Hence, this systematic review was conducted to determine what are the effects of different combinations of resistance training-based interventions on the musculoskeletal health of older male adults with sarcopenia

Methods: This systematic review was performed following the PRISMA 2020 guidelines. The search was performed between February and August 2022 in three electronic databases: Pubmed (MEDLINE), Web of Science (WOS) and Scopus employing different keywords combined with Boolean operators. Only 13 articles were included out of the initial 1,019.

Results: The articles studied the effects of resistance training combined with other interventions, 6 articles combined it with protein and vitamin supplementation, 4 with protein supplements only, while 3 combined it with aerobic training, finding beneficial results mainly on strength, functionality, and body composition.

Conclusion: Resistance Training combined with Aerobic Training or nutritional supplements has better effects than Resistance Training alone in older male adults with sarcopenia.

Systematic review registration: https://www.crd.york.ac.uk/prospero/#recordDetails, identifier: CRD42022354184.
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1. Introduction

Currently, there is evidence of a significant increase in the elderly population in many countries of the world, including Spain. As a result, more and more people are becoming susceptible to the diseases associated with aging (1). According to the WHO, the percentage of people over 60 years of age is increasing worldwide, reaching 1 billion in 2019 and it is expected that by 2050 this number will increase to 2.1 billion (2). This has attracted the attention of multiple researchers, becoming one of the most relevant topics today, even considering aging as a global public health issue (3). Understanding the processes of aging will allow the development of new and better interventions that can alleviate the adverse effects that time brings on human beings.

Sarcopenia is one of the consequences of aging, consisting of a progressive loss of muscle mass with a consequent loss of strength, accompanied by a decrease in physical performance (4). In 2010 The European Working Group on Sarcopenia in Older People (EWGSOP) established a definition updated in 2018, which recognized sarcopenia as a muscular pathology characterized by the gradual loss of both, muscle mass and strength affecting the quality of life, with risk of disability and even death (5, 6). Additionally, since 2016 it is considered by the WHO as a disease (7). This pathology is present in 6–22% of people over 65 years of age, being this percentage higher when the subjects belong to home residences (14–38%), are hospitalized (10%) (7) or are over 80 years of age (8). Sarcopenia, in the same way as aging, has been considered a public health problema (9), with a higher prevalence in men than in women (11 vs. 2%) when the EWGSOP definition is used (10).

This disease has been associated with an increased risk of mortality, risk of falls, fractures and a marked decrease in physical capacity (11). Occasionally, it often occurs in association with nervous depression, mainly in men, where a direct relationship between nervous depression and muscle mass loss has been observed (12). To date, there is no pharmacological treatment that has been approved for use in humans; however, animal research in this field is promising (13). On the other hand, the implementation of non-pharmacological interventions based on exercise and nutritional interventions have shown favorable results (14).

Resistance training or strength training is one of the options for exercise-based interventions, in which the subject uses his or her body and strength to oppose an external resistance (resistance machines, free weights, elastic bands, etc.) or internal resistance (body weight) (15). Among the multiple effects of exercise in people with sarcopenia is the increase in strength and muscle mass, which improves the functionality of the individual, in addition to combating oxidative stress caused by the aging process (16–18).

During the last few years, a large amount of evidence and articles on physical exercise and its effects on sarcopenia have been published (19–21), however, these have mainly focused on the female population and have rarely considered complementary interventions that enhance the effects of exercise. There is a great need to establish a cost-effective treatment to mitigate the effects of sarcopenia, especially in men, who have a higher prevalence of this disease. For this reason, this study aims to determine what are the effects of different combinations of resistance training-based interventions on the musculoskeletal health of older male adults with sarcopenia.



2. Materials and methods

This systematic review was performed following the PRISMA 2020 guidelines (22). The protocol followed in this review was registered in the International Prospective Register of Systematic Reviews PROSPERO under code CRD42022354184.


2.1. Eligibility criteria

Articles were selected based on the following inclusion criteria: (i) studies that evaluated the effects of resistance training in older male adults diagnosed with sarcopenia. (ii) studies in which at least one of the groups studied had received an intervention based on resistance training combined with another type of intervention and that evaluated a variable related to muscle health. Gray literature was not considered, and no filter associated with date of publication, publishing country or language were applied.



2.2. Information sources

The search was performed between February and August 2022 in three electronic databases: Pubmed (MEDLINE), Web of Science (WOS) and Scopus. A snowball search was not performed to avoid non-reproducibility of the protocol used.



2.3. Search strategy

The search strategy was designed specifically for this study employing keywords combined with Boolean operators, resulting in the following search string: (“older adults” OR “older men” OR “elderly” OR “seniors” OR “aging” OR “elderly people” OR “Male older adult”) AND (“Resistance training” OR “Endurance training”) AND (“Musculoskeletal health” OR “strength” OR “Skeletal muscle index” OR “SKI” OR “muscular quality” OR “Bone mineral density” OR “BMD”) AND (“Sarcopenia”).



2.4. Selection process

The entire article selection process was carried out using the Rayyan QCRI application (23) (https://rayyan.qcri.org/welcome, accessed on 25 February 2022). Initially, two of the authors (M.d.C.C.-F. and A.A.-A.) were in charge of eliminating all the duplicate articles and then reviewing the titles and abstracts, choosing the articles that would be read in full text. Finally, two different authors (D.F.A.-R. and F.H.-C.) read the full text of the articles that met the eligibility criteria and blindly gave their verdict. When disagreements arose, a third author was in charge of solving them.



2.5. Data extraction

The main variable of this study was musculoskeletal health measured through strength, the skeletal muscle index, muscular quality, or the bone mineral density. Additionally, the authors, year and country of publication, the type of additional intervention employed, and the characteristics of resistance training were retrieved.



2.6. Assessment of methodological quality

The methodological quality of the selected articles was measured using the PEDro scale (24). This instrument consists of 11 items that can be answered as YES (1 point) or NO (0 points), the maximum score is 10 points since the first item is not used in the final score calculation. A score between 0 and 3 was considered “Poor” quality; between 4–5 “Fair”, 6–8 “Good” and >9 “Excellent” (25).




3. Results


3.1. Selection of the studies

The raw search of the databases yielded a total of 1,019 articles, followed by a filter for duplicate articles that left 689 studies to be screened. Subsequently, 490 articles were excluded based on title and abstract review, only 199 full-text articles were reviewed, leaving a total of 13 articles (26–38) that met the inclusion criteria (Figure 1).
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FIGURE 1
 Flow diagram of the study selection process.




3.2. Methodological quality assessment

From the thirteen articles included in this study, it was possible to score nine (26–32, 35, 36) of them using the PEDro website, while 4 of the studies (33, 34, 37, 38) were evaluated manually. Two of the studies (29, 35) presented a fair methodological quality while the remaining 11 were between good (26–28, 30, 32–38) and excellent (31). The item that stood out the most was item 6, blinding the therapists, where only 1 of the studies (34) achieved it, additionally, only 4 of the studies (31, 34, 37, 38) blinded the subjects. Table 1 summarizes the evaluation of the methodological quality of the included studies.


TABLE 1 Methodological quality of the articles included.
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3.3. Characteristics of the studies

All articles included in this review were randomized clinical trials. The studies were primarily conducted in Germany (27, 28, 30–32, 35, 36, 38), however, there were also studies from Iran (29, 33), Canada (34, 37) and Saudi Arabia (26). Publication dates ranged from 2015 to 2022, being 2020 the year with the highest number of publications, 6 in total (29–34).

In total, 571 older male adults with sarcopenia or osteosacorpenia participated were selected for inclusion in the studies, with an age range of 63 to 81 years. A total of 291 subjects were assigned to experimental groups that based their intervention on resistance exercise combined with another treatment, 263 participants were assigned to control groups while 17 received an intervention without resistance training. Table 2 presents the characteristics of the included articles.


TABLE 2 Characteristics of the studies.
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3.4. Characteristics of resistance training-based interventions

Resistance training-based intervention protocols used to treat the subjects differed from study to study. Regarding duration, it varied from 8 weeks (26, 29, 33, 35) to 18 months (27), including interventions of 12 weeks (34, 38), 4 (37), 6 (30–32, 36), and 12 months (32). 8 studies (27–33, 36) determined volume based on the number of exercises and repetitions while 2 studies (26, 34) established it using sets and repetitions, 2 studies (35, 37) reported volume combining both forms in addition to quantifying the duration of the session and 1 study (38) established the volume from the duration of the session only. It is important to highlight that 6 of the studies analyzed (27, 28, 30–32, 36) followed exactly the same protocol, which was denominated The Franconian Osteopenia and Sarcopenia Trial (FrOST).

Only 2 studies (34, 35) included an intervention group that performed resistance training without any complementary intervention or used placebos, finding better results when they combined their resistance training protocol with some other intervention.



3.5. Effects of resistance training combined with protein and vitamin supplementation

Six of the studies (27, 28, 30–32, 36) analyzed in this review included as complementary treatment the use of protein and vitamin supplements; in addition, all employed the same protocol of high-intensity resistance training for IG compared with physical inactivity in CG. These similarities in the intervention protocols are due to the fact that all 6 articles are part of the FrOST.

Regarding protein and vitamin supplementation, it consisted of supplying all participants (GC and GI) with dietary protein, the GI was given 1.5 g/kg/day while the CG only received 1.2 g/kg/day, additionally, both groups received 800 IE/day of vitamin supplements. However, although all the studies are part of the FrOST, each one observed different variables and at different times, finding positive effects on the Skeletal Muscle Index (SMI) (28, 31, 32, 36), Bone Mineral Density at the lumbar and hip region (28, 31, 32), maximal hip and leg extensor strength (27, 28, 30, 32), handgrip strength (28, 31, 36), fat-free mass and abdominal and total body fat measured by DXA (30), prevalence of sarcopenia measured through z-score (31, 36), Gait velocity (31, 36) and, finally, muscle quality (27).

Two articles (27, 28), besides evaluating the pre and post intervention changes, conducted a 6 months follow-up of the patients to assess the effects that the detraining process has on this population. Kemmler et al. observed that 6 months after the end of the intervention a statistically significant and greater worsening was presented in the IG than in CG of SMI and hip extensor strength, which is partially consistent with the findings of Ghasemikaram et al. (27), who observed a significant worsening in maximal hip and leg extensor strength, however, when comparing both groups, the IG results were still better and presented statistically significant differences vs. CG.



3.6. Effects of resistance training combined with protein only supplements

Four of the studies analyzed (34, 35, 37, 38) used specific supplementations based on different proteins in addition to resistance training. Nilsson et al. (34) used a protein compound called Muscle5 combined with a RT protocol based on low intensity exercises resisted by elastic bands and compared it with the same RT protocol but combined with a placebo, finding that when RT is combined with Muscle5 it generates better results in terms of fat-free mass, grip strength as well as press RM, functionality, muscle cross-sectional area and total lean mass. Mafi et al. (35) combined RT with Epicatechin, a flavonoid recognized for its ability to generate muscular mitochondria, reporting favorable effects on follistatin levels and maximal strength measured in chest and leg press; these effects were statistically significant when compared with the RT-only group and the CG (placebo). On the other hand, Maltais et al. (37), used as a complementary intervention to RT in the IG1 an Essential Amino Acids (EAA) supplement while for IG2 they used EAA from milk and compared them with a placebo based on flavored rice milk, finding that the RT groups had favorable results on the variables analyzed, however, there were no significant differences between the two IG which allowed them to conclude that RT is favorable for patients with sarcopenia regardless of the type of protein supplementation used, however, it is still important. Finally, Zdzieblik et al. used Collagen Peptides as an adjunctive intervention and observed significantly more pronounced changes in the IG in relation to fat-free mass, isokinetic quadriceps strength and fat mass, demonstrating that the combination of RT with Collagen Peptides is ideal for improving body composition in men with sarcopenia.



3.7. Effects of resistance training combined with aerobic exercise

Three of the studies (26, 29, 33) evaluated the effects of resistance training combined with aerobic training (AT). On the one hand, Bagheri et al. (29) and Moghadam et al. (33) studied the effects of these interventions by combining them in different ways in two IG. IG1 performed RT and then AT while in the IG2 this order was inverted, besides this, the other variables around the training prescription remained the same. On the other hand, Nambi et al. (26) only studied the combination of RT followed by AT.

The AT included a variety of exercises, two of the studies (29, 33) performed exercise on a fixed-speed cycle ergometer at an intensity of 70% for 30 min, while Nambi et al. (26) based their protocol on 30 min of aerobic activity comprising 20 min on the treadmill and 10 min on cycle ergometer, in this study they used aerobic exercise in the two groups analyzed, group 1 performed AT at low intensity (40–60% HRmax) while group 2 performed high intensity AT (60–80% HRmax).

Among the variables considered by the studies, it was found that resistance training combined with low-intensity aerobic training improved handgrip strength (26), quality of life (26), muscle mass (26, 29), musculoskeletal mass (33), total fat percentage (29), weight (29), el BMI (29), lower and upper limb power (29, 33), VO2Max (29, 33) and generated favorable modifications in the Satellite Cells related markers (33). Additionally, it was observed that low-intensity aerobic training is more effective than high-intensity training when combined with resistance training (26), irrespective of AT and RT order (29, 33).




4. Discussion

The objective of this systematic review was to determine the effects of resistance training when combined with different complementary interventions on musculoskeletal health in older male adults with sarcopenia. For this purpose, 13 articles were reviewed that included resistance exercise as the main treatment and employed other types of complementary treatments to enhance its effects. This review revealed robust evidence on the effects of resistance training when combined, mainly with aerobic exercise or with different nutritional supplementation, on variables associated with musculoskeletal health.

Regarding the quality of the included studies, it is possible to determine that the quality did not influence the observed results, since only one of the articles had a quality below Good and the results were homogeneous. Additionally, it is important to highlight that only one of the articles performed a blinded intervention, principally due to the fact that blinding an exercise-based intervention is a common problem reported in multiple reviews and studies (39, 40).

Resistance training is a widely used intervention for the treatment of patients with sarcopenia, due to the diverse effects it has on musculoskeletal health (16, 41, 42). However, due to the increasing number of people who suffer from this disease, it is necessary to develop interventions to obtain more and better results that also last over time, therefore, the effects of resistance exercise have been studied in combination with other types of intervention.

The implementation of protein supplementation either combined with vitamins (27, 28, 30–32, 36) or alone (34, 37, 38) along with RT showed favorable effects on multiple musculoskeletal health variables, mainly those associated with strength and body composition. These results may be due to the well-known important role of amino acids as substrates of protein synthesis and as mediators in physiological and metabolic processes (43). One of the conditioning factors of the effects of this type of supplementation is the origin of the protein, Poortmans et al. (44) that when RT is performed and accompanied by a whey protein-based supplement, the absorption process and its effects on protein synthesis are better than when other sources of EAA are used. However, although the studies analyzed did not all employ whey protein-based supplements (37), they all evidenced favorable results on the variables evaluated. Additionally, it is important to consider the negative effects of high protein intake on liver and colon health (43), therefore the doses prescribed to subjects should be correctly calculated.

Another complementary intervention to RT was AT, which has been shown to be better at modulating the immune system and inflammatory markers in older adults than other types of exercise (45). The results obtained in the studies analyzed in this review are congruent with those of several authors (46–48), who applied a similar protocol of RT combined with AT in prefrail or frail older adults, finding that it increased strength, muscle power and aerobic capacity. Although the order of the interventions was not a determinant of treatment success as demonstrated by Bagheri et al. (29) and Moghadam et al. (33), the intensity of the AT was. According to the findings of Nambi et al. (26), low-intensity AT was better than high-intensity AT when combined with RT, this is because during low-intensity exercise the oxidative capacity of the cell is stimulated and blood flow is increased (49), leading to significant differences in multiple variables, including strength, possibly due to the differences in energy metabolism that low-intensity AT produces.

With regard to the detraining process, two articles (27, 28) observed that after 6 months following the intervention, the effects obtained partially disappeared, decreasing about a third of what was gained, which agrees with the results of Padilha et al. (50), who after a 12-week intervention based on RT in older women observed that, although detraining negatively affects this population, it is not enough to reverse all the changes resulting from exercise. This can be attributed to the principle of stability of adaptation, which states that the longer the period of training time, the more stability it will create and the less susceptibility to failure it will present. Another possible explanation is related with the principle of reversibility of training, which establishes that once the exercise is interrupted, the benefits obtained and the adaptations generated are progressively lost; however, there is no specific time for this. The reversibility process depends on several factors such as: the duration of the training period, how significantly the subject's behavior changed, as well as intrinsic characteristics of the subject, such as age and genetics (51).

Likewise, it seems that the intensity of RT has no impact on its effects, since all studies obtained favorable results whether they used high (27, 28, 30–32, 36), moderate (26, 29, 33, 35, 37, 38) or low intensity (34). These results are partially in agreement with those of Steib et al. (52), which in their systematic review with meta-analysis determined that high-intensity RT is better than low-intensity RT in relation to strength; however, in terms of functionality there is no difference. Multiple studies have evidenced an association between strength and functionality (53, 54), which means that improvements in strength after a certain point do not necessarily mean improvements in functionality (55), therefore, different RT intensities could have similar effects on this variable.

Finally, this review presents several limitations that should be considered when interpreting the results. On the one hand, the great variety in the prescription of RT does not allow us to establish an ideal treatment protocol for older male adults with sarcopenia. In addition, due to the fact that 84.6% of the articles were published in Eurasia and, specifically, more than 60% of the articles were published in Germany, the results cannot be extrapolated to other populations such as Latin American or African populations. Also, because of the variety in the methodological quality of the articles and the lack of a specific PEDro score inclusion criteria, the quality of this systematic review may be affected.



5. Conclusion

Interventions based on RT have beneficial effects on different variables associated with musculoskeletal health in older male adults with sarcopenia. RT training can be used at any intensity as long as the objective is to improve functionality; additionally, when combined with AT, the AT should be low intensity to optimize results. Nutritional supplementation enhances the effects of RT, but by itself is not sufficient treatment for this population, and doses should be carefully adjusted to avoid potential health problems in the future. RT must be constant for maintaining the results obtained. Finally, RT is a cost-effective, low-risk strategy for treating sarcopenia, and is always recommended to be combined with another type of intervention, either aerobic exercise or nutritional supplementation to enhanced the effects.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

Conceptualization: MC-F and ML-N. Methodology: AA-A and FH-C. Performing literature review and synthesis of literature: MC-F, AA-A, and DA-R. Quality assessment: CR-L, FH-C, and AA-O. Writing—original draft preparation: MC-F, AA-A, and YC-C. Writing—reviewing and editing: FH-C, AA-O, YC-C, and DA-R. All authors have read and agreed to the published version of the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Valencia MIB. Envejecimiento de la población: un reto para la salud pública. Revista Colombiana de Anestesiología. (2012) 40:192–4. doi: 10.1016/j.rca.2012.04.001

 2. Organization WH. Medición del Grado de Adaptación de las Ciudades a las personas Mayores: Guía Para el Uso de Los indicadores Básicos. Geneva: WHO (2015).

 3. De Winter G. Aging as disease. Med Health Care Philos. (2015) 18:237–43. doi: 10.1007/s11019-014-9600-y

 4. Dent E, Morley JE, Cruz-Jentoft AJ, Arai H, Kritchevsky SB, Guralnik J, et al. International clinical practice guidelines for sarcopenia (ICFSR): screening, diagnosis and management. J Nutr Health Aging. (2018) 22:1148–61. doi: 10.1007/s12603-018-1139-9

 5. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al. Sarcopenia: European consensus on definition and diagnosis: report of the European working group on sarcopenia in older people. Age Ageing. (2010) 39:412–23. doi: 10.1093/ageing/afq034

 6. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al. Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing. (2019) 48:16–31. doi: 10.1093/ageing/afy169

 7. Cruz-Jentoft AJ, Landi F, Schneider SM, Zúñiga C, Arai H, Boirie Y, et al. Prevalence of and interventions for sarcopenia in ageing adults: a systematic review. Report of the international sarcopenia initiative (EWGSOP and IWGS). Age Ageing. (2014) 43:748–59. doi: 10.1093/ageing/afu115

 8. Morley JE. Sarcopenia in the elderly. Fam Pract. (2012) 29:i44–i8. doi: 10.1093/fampra/cmr063

 9. Bruyère O, Beaudart C, Locquet M, Buckinx F, Petermans J, Reginster JY. Sarcopenia as a public health problem. Eur Geriat Med. (2016) 7:272–5. doi: 10.1016/j.eurger.2015.12.002

 10. Petermann-Rocha F, Balntzi V, Gray SR, Lara J, Ho FK, Pell JP, et al. Global prevalence of sarcopenia and severe sarcopenia: a systematic review and meta-analysis. J Cachexia Sarcop Muscle. (2022) 13:86–99. doi: 10.1002/jcsm.12783

 11. Anker SD, Morley JE, von Haehling S. Welcome to the ICD-10 code for sarcopenia. J Cachexia Sarcop Muscle. (2016) 7:512–4. doi: 10.1002/jcsm.12147

 12. Borges LL, Menezes RL. Definitions and markers of frailty: a systematic review of literature. Rev Clin Gerontol. (2011) 21:67–77. doi: 10.1017/S0959259810000304

 13. Rojas Bermúdez C, Buckcanan Vargas A, Benavides Jiménez G. Sarcopenia: abordaje integral del adulto mayor: revisión de tema. Rev Med Sinergia. (2019) 4:24–34. doi: 10.31434/rms.v4i5.194

 14. Gomes MJ, Martinez PF, Pagan LU, Damatto RL, Cezar MDM, Lima ARR, et al. Skeletal muscle aging: influence of oxidative stress and physical exercise. Oncotarget. (2017) 8:20428–40. doi: 10.18632/oncotarget.14670

 15. Hurst C, Robinson SM, Witham MD, Dodds RM, Granic A, Buckland C, et al. Resistance exercise as a treatment for sarcopenia: prescription and delivery. Age Ageing. (2022) 51:afac003. doi: 10.1093/ageing/afac003

 16. Phu S, Boersma D, Duque G. Exercise and sarcopenia. J Clin Densit. (2015) 18:488–92. doi: 10.1016/j.jocd.2015.04.011

 17. Guizoni DM, Oliveira-Junior SA, Noor SL, Pagan LU, Martinez PF, Lima AR, et al. Effects of late exercise on cardiac remodeling and myocardial calcium handling proteins in rats with moderate and large size myocardial infarction. Int J Cardiol. (2016) 221:406–12. doi: 10.1016/j.ijcard.2016.07.072

 18. Carter HN, Chen CC, Hood DA. Mitochondria, muscle health, and exercise with advancing age. Physiology. (2015) 30:208–23. doi: 10.1152/physiol.00039.2014

 19. Angulo J, El Assar M, Álvarez-Bustos A, Rodríguez-Mañas L. Physical activity and exercise: strategies to manage frailty. Redox Biol. (2020) 35:101513. doi: 10.1016/j.redox.2020.101513

 20. Papadopoulou SK, Papadimitriou K, Voulgaridou G, Georgaki E, Tsotidou E, Zantidou O, et al. Exercise and nutrition impact on osteoporosis and sarcopenia-the incidence of osteosarcopenia: a narrative review. Nutrients. (2021) 13:4499. doi: 10.3390/nu13124499

 21. Colleluori G, Villareal DT. Aging, obesity, sarcopenia and the effect of diet and exercise intervention. Exp Gerontol. (2021) 155:111561. doi: 10.1016/j.exger.2021.111561

 22. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

 23. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan: a web and mobile app for systematic reviews. Syst Rev. (2016) 5:210. doi: 10.1186/s13643-016-0384-4

 24. Macedo LG, Elkins MR, Maher CG, Moseley AM, Herbert RD, Sherrington CJ. There was evidence of convergent and construct validity of physiotherapy evidence database quality scale for physiotherapy trials. J Clin Epidemiol. (2010) 63:920–5. doi: 10.1016/j.jclinepi.2009.10.005

 25. Rivas-Campo Y, García-Garro PA, Aibar-Almazán A, Martínez-Amat A, Vega-Ávila GC, Afanador-Restrepo DF, et al. The effects of high-intensity functional training on cognition in older adults with cognitive impairment: a systematic review. Healthcare. (2022) 10:670. doi: 10.3390/healthcare10040670

 26. Nambi G, Abdelbasset WK, Alrawaili SM, Elsayed SH, Verma A, Vellaiyan A, et al. Comparative effectiveness study of low vs. high-intensity aerobic training with resistance training in community-dwelling older men with post-COVID 19 sarcopenia: a randomized controlled trial. Clin Rehabil. (2022) 36:59–68. doi: 10.1177/02692155211036956

 27. Ghasemikaram M, Engelke K, Kohl M, von Stengel S, Kemmler W. Detraining effects on muscle quality in older men with osteosarcopenia. The follow-up of the randomized controlled franconian osteopenia and sarcopenia trial (FrOST). Nutrients. (2021) 13:1528. doi: 10.3390/nu13051528

 28. Kemmler W, Kohl M, Fröhlich M, Schoene D, von Stengel S. Detraining effects after 18 months of high intensity resistance training on osteosarcopenia in older men-6-month follow-up of the randomized controlled Franconian Osteopenia and Sarcopenia Trial (FrOST). Bone. (2021) 142:115772. doi: 10.1016/j.bone.2020.115772

 29. Bagheri R, Moghadam BH, Church DD, Tinsley GM, Eskandari M, Moghadam BH, et al. The effects of concurrent training order on body composition and serum concentrations of follistatin, myostatin and GDF11 in sarcopenic elderly men. Exp Gerontol. (2020) 133:110869. doi: 10.1016/j.exger.2020.110869

 30. Kemmler W, Kohl M, Fröhlich M, Engelke K, von Stengel S, Schoene D. Effects of high-intensity resistance training on fitness and fatness in older men with osteosarcopenia. Front Physiol. (2020) 11:1014. doi: 10.3389/fphys.2020.01014

 31. Kemmler W, Kohl M, Jakob F, Engelke K, von Stengel S. Effects of high intensity dynamic resistance exercise and whey protein supplements on osteosarcopenia in older men with low bone and muscle mass. Final results of the randomized controlled FrOST study. Nutrients. (2020) 12:2341. doi: 10.3390/nu12082341

 32. Kemmler W, Kohl M, Fröhlich M, Jakob F, Engelke K, von Stengel S, et al. Effects of high-intensity resistance training on osteopenia and sarcopenia parameters in older men with osteosarcopenia-1-year results of the randomized controlled franconian osteopenia and sarcopenia trial (FrOST). J Bone Mineral Res. (2020) 35:1634–44. doi: 10.1002/jbmr.4027

 33. Moghadam BH, Bagheri R, Ashtary-Larky D, Tinsley GM, Eskandari M, Wong A, et al. The effects of concurrent training order on satellite cell-related markers, body composition, muscular and cardiorespiratory fitness in older men with sarcopenia. J Nutr Health Aging. (2020) 24:796–804. doi: 10.1007/s12603-020-1431-3

 34. Nilsson MI, Mikhail A, Lan L, Di Carlo A, Hamilton B, Barnard K, et al. A five-ingredient nutritional supplement and home-based resistance exercise improve lean mass and strength in free-living elderly. Nutrients. (2020) 12:2391. doi: 10.3390/nu12082391

 35. Mafi F, Biglari S, Ghardashi Afousi A, Gaeini AA. Improvement in skeletal muscle strength and plasma levels of follistatin and myostatin induced by an 8-week resistance training and epicatechin supplementation in sarcopenic older adults. J Aging Phys Act. (2019) 27:384–91. doi: 10.1123/japa.2017-0389

 36. Lichtenberg T, von Stengel S, Sieber C, Kemmler W. The favorable effects of a high-intensity resistance training on sarcopenia in older community-dwelling men with osteosarcopenia: the randomized controlled FrOST study. Clin Intervent Aging. (2019) 14:2173–86. doi: 10.2147/CIA.S225618

 37. Maltais ML, Ladouceur JP, Dionne IJ. The effect of resistance training and different sources of postexercise protein supplementation on muscle mass and physical capacity in sarcopenic elderly men. J Strength Condit Res. (2016) 30:1680–7. doi: 10.1519/JSC.0000000000001255

 38. Zdzieblik D, Oesser S, Baumstark MW, Gollhofer A, König D. Collagen peptide supplementation in combination with resistance training improves body composition and increases muscle strength in elderly sarcopenic men: a randomised controlled trial. Br J Nutr. (2015) 114:1237–45. doi: 10.1017/S0007114515002810

 39. Vega-Ávila GC, Afanador-Restrepo DF, Rivas-Campo Y, García-Garro PA, Hita-Contreras F, Carcelén-Fraile MC, et al. Rhythmic physical activity and global cognition in older adults with and without mild cognitive impairment: a systematic review. Int J Environ Res Public Health. (2022) 19:12230. doi: 10.3390/ijerph191912230

 40. de Labra C, Guimaraes-Pinheiro C, Maseda A, Lorenzo T, Millán-Calenti JC. Effects of physical exercise interventions in frail older adults: a systematic review of randomized controlled trials. BMC Geriat. (2015) 15:154. doi: 10.1186/s12877-015-0155-4

 41. Giallauria F, Cittadini A, Smart NA, Vigorito C. Resistance training and sarcopenia. Monaldi Arch Chest Dis Archivio Monaldi per le Malattie del Torace. (2016) 84:738. doi: 10.4081/monaldi.2015.738

 42. Johnston AP, De Lisio M, Parise G. Resistance training, sarcopenia, and the mitochondrial theory of aging. Appl Physiol Nutr Metabol. (2008) 33:191–9. doi: 10.1139/H07-141

 43. Lancha AH, Zanella R, Tanabe SG, Andriamihaja M, Blachier F. Dietary protein supplementation in the elderly for limiting muscle mass loss. Amino Acids. (2017) 49:33–47. doi: 10.1007/s00726-016-2355-4

 44. Poortmans JR, Carpentier A, Pereira-Lancha LO, Lancha A. Protein turnover, amino acid requirements and recommendations for athletes and active populations. Brazil J Med Biol Res Revista Brasileira de Pesquisas Medicas e Biologicas. (2012) 45:875–90. doi: 10.1590/S0100-879X2012007500096

 45. Abd El-Kader SM, Al-Shreef FM. Inflammatory cytokines and immune system modulation by aerobic vs. resisted exercise training for elderly. Afr Health Sci. (2018) 18:120–31. doi: 10.4314/ahs.v18i1.16

 46. Yu R, Tong C, Ho F, Woo J. Effects of a multicomponent frailty prevention program in prefrail community-dwelling older persons: a randomized controlled trial. J Am Med Direct Assoc. (2020) 21:294.e1–10. doi: 10.1016/j.jamda.2019.08.024

 47. Losa-Reyna J, Baltasar-Fernandez I, Alcazar J, Navarro-Cruz R, Garcia-Garcia FJ, Alegre LM, et al. Effect of a short multicomponent exercise intervention focused on muscle power in frail and pre frail elderly: a pilot trial. Exp Gerontol. (2019) 115:114–21. doi: 10.1016/j.exger.2018.11.022

 48. Tarazona-Santabalbina FJ, Gómez-Cabrera MC, Pérez-Ros P, Martínez-Arnau FM, Cabo H, Tsaparas K, et al. A multicomponent exercise intervention that reverses frailty and improves cognition, emotion, and social networking in the community-dwelling frail elderly: a randomized clinical trial. J Am Med Direct Assoc. (2016) 17:426–33. doi: 10.1016/j.jamda.2016.01.019

 49. Cartee GD, Hepple RT, Bamman MM, Zierath JR. Exercise promotes healthy aging of skeletal muscle. Cell Metabol. (2016) 23:1034–47. doi: 10.1016/j.cmet.2016.05.007

 50. Padilha CS, Ribeiro AS, Fleck SJ, Nascimento MA, Pina FL, Okino AM, et al. Effect of resistance training with different frequencies and detraining on muscular strength and oxidative stress biomarkers in older women. Age. (2015) 37:104. doi: 10.1007/s11357-015-9841-6

 51. Weineck J. Optimales Training: Leistungsphysiolog. Trainingslehre; unter bes Berücks d Kinder- u Jugendtrainings: perimed-Fachbuch-Verlagsgesellschaft. Berlin (1985).

 52. Steib S, Schoene D, Pfeifer K. Dose-response relationship of resistance training in older adults: a meta-analysis. Med Sci Sports Exerc. (2010) 42:902–14. doi: 10.1249/MSS.0b013e3181c34465

 53. Latham N, Anderson C, Bennett D, Stretton C. Progressive resistance strength training for physical disability in older people. Cochrane Database Syst Rev. (2003) 2:Cd002759. doi: 10.1002/14651858.CD002759

 54. Orr R, de Vos NJ, Singh NA, Ross DA, Stavrinos TM, Fiatarone-Singh MA. Power training improves balance in healthy older adults. J Gerontol A Biol Sci Med Sci. (2006) 61:78–85. doi: 10.1093/gerona/61.1.78

 55. Buchner DM, Larson EB, Wagner EH, Koepsell TD, de Lateur BJ. Evidence for a non-linear relationship between leg strength and gait speed. Age Ageing. (1996) 25:386–91.



OPS/images/fpubh-10-1037464-t001.jpg
11

Nambi et al. (26) ¥ Y Y ¥ N N Y Y N Y i 7
Ghasemikaram et al. (27) Y b4 Y Y N N Y N Y Y Y 7
Kemmler et al. (28) b 84 Y Y N N Y Y ¥ 14 Y 8
Bagheri etal. (29) & Y N iy N N N N N Y Y 4
Kemmler et al. (30) Y Y Y ¥ N N Y N Y ¥ Y 7
Kemmler etal. (31) ¥ Y Y b4 ¥ N Y Y b4 b Y 9.
Kemmler et al. (32) ¥ b4 p¢ Y N N Y Y ¥ Y b4 8
Moghadam etal. (33) Y & N Y N N N i 4 k4 b 4 6
Nilsson et al. (34) ¥ b 4 Y Y ¥ Y N N b4 Y Y 8
Mafietal. (35) ¥ b4 N X N N N Y N ¥ Y 5
Lichtenberg et al. (36) ¥ Y Y ¥ N N Y X Y ¥ Y 8
Maltais et al. (37) Y Y N b4 ¥ N Yi N N g Y 6
Zdzieblik et al. (38) X Y Y Y Y N Y N N £ Y 7

Items: 1: eligibility criteria, 2: random allocation, 3: concealed allocation, 4: baseline comparability, 5: blind subjects, 6: blind therapists, 7: blind assessors, 8: adequate follow-up, 9:
intention-to-treat analysis, 10: between-group comparisons, 11: point estimates and variability, Y, Yes; N, No. The eligibility criteria item does not contribute to the total score.





OPS/images/fpubh-10-1037464-t002.jpg
nlG/CG

Intervention group: type,
duration, volume,
frequency, and intensity

Control group protocol

Duration and
assessment

Outcomes

Nambi et al. (26) 38/38 632%3.1 T:RT + AT RT + High intensity AT 8 weeks Handgrip strength; muscle mass;
quality of life
64.1£3.2 Vi RT: 3 sets-—10 repetitions/AT: 30 min TO: baseline
F: 4 sessions a week T1: 4 weeks
I: RT: 10 RM/low intensity AT: 40-60% T2: 8 weeks
HRmax/high intensity AT: 60-80%
HRmax
T3: 6 months
Ghasemikaram et al. (27) 21/22 79.6%3.6 T: RT + protein, calcium, and vitamins Life as usual + protein, calcium, and 18 months Muscle quality; maximum hip/leg
supplementation vitamins supplementatin extensor strength per unit of
mid-thigh intra-fascia volume and
per unit of thigh muscle mass
80.8 +£4.7 Vi 12-14 exercises/session TO: baseline
F: 2 times per week T1: 18 months
I: high intensity T2: 24 months
Kemmler et al. (28) 21/23 778 £3.6 T: RT + protein, calcium, and vitamins Life as usual + protein, calcium, and 6 months Skeletal muscle mass index; BMD;
supplementation vitamins supplementatin handgrip strength
792£47 V:12-14 exercises/session TO: baseline
F: 2 times per week T1: 6 months
I: high intensity T2: 12 months
T3: 18 months
T4: 6 months after the
intervention
Bagheri et al. (29) IG1: 10 64.1£33 TIGI:RT + ET Life as usual 8 weeks 1RM estimation on lower limbs;
VO2 max
1G2: 10 63.8+£3.6 TIG2: ET 4+ RT TO: baseline
CG: 10 65.0£3.9 V: RT: 6 exercises, 8-16 repetitions/ ET: T1: 8 weeks
15-30 min
F: 3 times a week
1: RT: 75% of a RM/ET: 70% HRmax
Kemmler et al. (30) 21/23 77.8+3.6 T: RT + protein, calcium, and vitamins Life as usual + protein, calcium, and 6 months BMD; STRENGTH OF LOWER
supplementation vitamins supplementatin Limbs
792447 V: 12-14 exercises/session TO: baseline
F: 2 times per week T1: 28 weeks
I: high intensity T2: 54 weeks
T3: 78 weeks
Kemmler etal. (31) 21/23 778+3.6 T: RT + protein, calcium, and vitamins Life as usual + protein, calcium, and 6 months BMD; prevalence of sarcopenia;
supplementation vitamins supplementatin handgrip strength; gait velocity
792+47 V: 12-14 exercises/session TO: baseline
F: 2 times per week T1: 28 weeks
I high intensity T2: 54 weeks
T3: 78 weeks
Kemmler et al. (32) 21/23 778%£3.6 T: RT + protein, calcium, and vitamins Life as usual + protein, calcium, and 1 year BMD; SMI; maximum dynamic
supplementation vitamins supplementatin hip- and leg-extensor strength
792+47 V: 12-14 exercises/session TO: baseline
F: 2 times per week T1: 28 weeks
I: high intensity T2: 54 weeks
T3: 78 weeks
Moghadam et al. (33) IG1: 10 64.1433 TIGL:RT +ET Life as usual 8 weeks BMI; 1RM estimation for all the
exercises used in the resistance
training; satellite cells related
markers myogenic factor dietary
intake
1G2: 10 63.8£3.6 TIG2:ET + RT TO: baseline
CG: 10 65.043.9 V: RT: 6 exercises, 8-16 repetitions/ET: T1: 8 weeks
15-30 min
F: 3 times a week
I: RT: 75% of a RM/ET: 70% HRmax
Nilsson etal. (34) 16/16 774428 T: HBRE + walking + Protein Placebo + HBRE 12 weeks BMD; hip-waist index; BMI; hear
compound rate; arterial blood pressure;
sarcopenia diagnosis; handgrip
strength; IRM on lower limbs;
physical performance; muscle
quality; physical activity; dietary
intake
744+ 13 V: 3 sets/10~15 repetitions TO: baseline
F: 3 sessions a week T1: 12 weeks
I: low intensity HBRT/Walking: 5,000
steps on exercise days and 10,000 steps
on rest days
Mafi etal. (35) IGl: 14 69.0 2.4 TIGL:RT Placebo 8 weeks BMI; dietary intake; maximal
muscle strength (leg and chest
press); time up and go; physical
activity level; follistatin; myostatin
1G2: 15 69.0£3.1 T IG2: RT + Epicatechin TO: Baseline
1G3:17 68.6%3.1 T IG3: Epicatechin T1: 8 weeks
CG: 16 68.0+3.0 D: 55 min
V: 3 sets/8-12 repetitions/8 exercises
F: 3 sessions a week
1: 60-80% of IRM
Epicatechin dosage: 1 mg/Kg/day
Lichtenberg et al. (36) 21/22 77.8%3.6 T: RT + protein, calcium, and vitamins Life as usual + protein, calcium, and 6 months BMD; prevalence of sarcopenia;
supplementation vitamins supplementatin handgrip strength; gait velocity
79247 V:12-15 exercises/ 1-2 sets/7-18 TO: Baseline
repetitions
F: 2 times per week T1: 6 months
I: High Intensity
Maltais et al. (37) IG1: 8 64+48 TIG1: RT + EAA supplementation Chocolate-flavored rice milk placebo 4 months BMI; muscle mass; maxima muscle
strength; physical activity level;
dietary intake; walking speed; time
up and go; chair stand: standing
balance task; one leg stand
1G2: 8 68 £5.6 TIG2: RT + EAAmilk + cowmilk TO: Baseline
CG: 10 64£4.5 D: 60 min T1: 4 months
V: 9 exercises/3 sets/6-8 repetitions
F: 3 times a week
1: 80% of IRM
Zdzieblik et al. (38) 26/27 723£37 T: RT + protein supplementation Collagen peptides-based placebo 12 weeks Body composition; muscular
strength; sensory motor control;
dietary intake
72.1%55 D: 60 min TO: Baseline
F: 3 times a week TI: 12 weeks

I: High Intensity

IG, intervention group; CG, control group; T, type; D, duration; F, frequency; I, intensity; HRmax, maximum heart rate; HBRE, home-based resistance exercise; RT, resistance training; ET, endurance training; AT, acrobic training; RM, repetition
‘maximum; BMI, body mass index; BMD, bone mineral density; SMI, structure model index; EAA, essential amino acids.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effects of different intervention combined with resistance training on musculoskeletal health in older male adults with sarcopenia: A systematic review



		1. Introduction



		2. Materials and methods



		2.1. Eligibility criteria



		2.2. Information sources



		2.3. Search strategy



		2.4. Selection process



		2.5. Data extraction



		2.6. Assessment of methodological quality







		3. Results



		3.1. Selection of the studies



		3.2. Methodological quality assessment



		3.3. Characteristics of the studies



		3.4. Characteristics of resistance training-based interventions



		3.5. Effects of resistance training combined with protein and vitamin supplementation



		3.6. Effects of resistance training combined with protein only supplements



		3.7. Effects of resistance training combined with aerobic exercise







		4. Discussion



		5. Conclusion



		Data availability statement



		Author contributions



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Effects of different intervention
combined with resistance
training on musculoskeletal
health in older male adults with
sarcopenia: A systematic review





OPS/images/fpubh-10-1037464-g001.gif
[r— p——
bty b

[ — J—
bxcs e

o —

W R e

Pe—
by






OPS/images/fpubh-10-1037464-i001.gif









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





