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Sarcopenia is an emerging clinical condition determined by the reduction in physical function and muscle mass, being a health concern since it impairs quality of life and survival. Exercise training is a well-known approach to improve physical capacities and body composition, hence managing sarcopenia progression and worsening. However, it may be an ineffective treatment for many elderly with exercise-intolerant conditions. Thus, the use of anabolic-androgenic steroids (AAS) may be a plausible strategy, since these drugs can increase physical function and muscle mass. The decision to initiate AAS treatment should be guided by an evidence-based patient-centric perspective, once the balance between risks and benefits may change depending on the clinical condition coexisting with sarcopenia. This mini-review points out a critical appraisal of evidence and limitation of exercise training and AAS to treat sarcopenia.
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INTRODUCTION

The world population continues to age rapidly due to an increase in human life expectancy and a decrease in the birth rate over the past years (Kingston et al., 2018; Chang et al., 2019). This biological process, known as aging, is related to the increase in the incidence of physical disability (Tieland et al., 2018; Suetta et al., 2019; Alcazar et al., 2021a), which contribute to a worse quality of life and greater morbidity and mortality among older adults. The physical function has shown to be negatively associated with mortality than other classical risk factors, such as hypertension, diabetes, smoking, and body mass index (Wu et al., 2017; Yusuf et al., 2020; Whelton et al., 2021). Physical function is a general indicator of functional status and is the manifestation of physical capacities (i.e., muscle strength and power) and performance in functional tests in the daily functional context of older adults (Pavasini et al., 2016; Wu et al., 2017; Tieland et al., 2018; Valenzuela et al., 2019; Alcazar et al., 2021b).

Sarcopenia, a word derived from Greek, means “poverty of flesh,” and it was originally defined as the age-related loss of muscle mass (Clark and Manini, 2008). Currently, sarcopenia is broadly defined as an age-related abnormal loss of skeletal muscle mass and physical function (Cruz-Jentoft et al., 2019; Bhasin et al., 2020b). Sarcopenia progression is multifactorial and complex and it is now recognized as an independently reportable medical condition (ICD-10-CM) (Falcon and Harris-Love, 2017).

According to five cohort studies over 10 years, mortality risk was increased by 49% in those individuals with walking difficulty (a physical function task) (Suemoto et al., 2017). In a prospective cohort study, severe sarcopenia was associated with a 4-fold increase in the risk of death compared to older adults without sarcopenia after 2.6 years of follow-up (Bachettini et al., 2020). This result reveals the high negative impact of this condition in a short period, requiring effective interventions. Approximately 10% of the worldwide population has sarcopenia (Shafiee et al., 2017). However, this estimation can reach or exceed 50% in octogenarian adults who are hospitalized or with some clinical condition (Papadopoulou et al., 2020). Despite different criteria used to diagnose sarcopenia, this condition is strongly associated with increased mortality (Xu et al., 2021).

Sarcopenia can also be associated with pathological processes. Some interventions may revert or attenuate muscle mass loss and physical function, such as exercise. It is known that older adults who are less physically active are more likely to have lower skeletal muscle mass and function, which may lead to an increased risk of developing sarcopenia and, hence, decreasing life expectancy (Brown et al., 2012; Meier and Lee, 2020; Ramsey et al., 2021). Exercise training interventions can be used to restore or maintain physical function in older adults. Moreover, for any given amount of physical activity, mortality risk is lower than a sedentary lifestyle (Brown et al., 2012).

The physiological balance between anabolic and catabolic processes in tissues is altered during aging, especially in those with sarcopenia (Basualto-Alarcón et al., 2014; McKee et al., 2017). Anabolic agents, such as testosterone, have been used in clinical trials with positive results on sexual and physical function in older patients (Snyder et al., 2016; Storer et al., 2017). However, the association of both exercise training and anabolic hormones is a field of intense debate. In a randomized clinical trial (RCT) in patients with heart failure, the association of exercise training and testosterone therapy reversed muscle wasting when compared to testosterone alone (Dos Santos et al., 2016). This combined intervention shows a promising intervention in older adults with sarcopenia and it might be appreciated in clinical practice.

The purpose of this narrative review is to discuss the role of anabolic-androgenic steroids (AAS) and exercise training as a possible treatment of sarcopenia in older adults with sarcopenia.



SARCOPENIA DEFINITION AND DIAGNOSIS

Sarcopenia is defined by the loss of physical function and muscle mass (Fielding et al., 2011; Cruz-Jentoft et al., 2019; Bhasin et al., 2020b). The International Working Group on Sarcopenia (IWGS) and European Working Group on Sarcopenia in Older People (EWGSOP) present several screening processes to diagnose sarcopenia. The prevalence of sarcopenia can be different depending on the population, definitions of sarcopenia, body composition measurements, physical function tests, and cutoff point values. For instance, there are different skeletal muscle mass measurements such as relative appendicular skeletal muscle index (RASM) and percentage skeletal muscle index (SMI); and different functional tests: grip strength, chair stand, gait speed, short physical performance battery (SPPB), and the timed-up and go test (TUG). In clinical practice, the use of a simple questionnaire can be helpful to identify individuals at risk for sarcopenia. The SARC-F is a five-item questionnaire that is self-reported by patients as a screen for sarcopenia risk. For more details on screening and diagnosis of sarcopenia, see the guidelines (Fielding et al., 2011; Cruz-Jentoft et al., 2019).



DOES EXERCISE PREVENT OR REVERT SARCOPENIA? EVIDENCE AND LIMITATION OF CURRENT STUDIES

Exercise training is a cornerstone to aid the sarcopenia-related loss of muscle mass and physical function (Fragala et al., 2019; García-Hermoso et al., 2020; Grgic et al., 2020; Izquierdo et al., 2021b). Physical function is determined by multifactorial elements, in which the neuromuscular and metabolic systems play a role in some physical capacities, such as strength, power, agility, and balance (Reid and Fielding, 2012; Tieland et al., 2018; Valenzuela et al., 2019). In addition, other factors, such as lifestyle, psychosocial, and body composition (muscle mass and body fat) may also be variables that may impair physical function (Tieland et al., 2018; Alcazar et al., 2021a). It is well established that exercise promotes changes in the determinants of physical function, hence promoting several benefits to an individual’s overall health (Valenzuela et al., 2019; García-Hermoso et al., 2020; Letnes et al., 2021).

Resistance Training (RT) is considered the most effective type of exercise to improve strength and muscle mass, and consequently, physical function (Fragala et al., 2019; Valenzuela et al., 2019; Grgic et al., 2020; Schaun et al., 2021). Recent guidelines of International Exercise Recommendations for older adults (ICFSR) highlight that RT must be prescribed according to the individual’s need and intended outcome (e.g., promote lifestyle change, improve physical capacities, or disease treatment). In addition, RT must be adjusted, followed by a health specialist, whenever necessary (Izquierdo et al., 2021b). The RT recommendation is based on:

i. frequency of 2–3 times a week;

ii. volume of 1–3 sets of 8–12 repetitions;

iii. load progression starting at 30%–40% of 1 repetition maximum (1RM) with goals of 70%–80% 1RM.

Exercise can modulate specific physical capacities [e.g., strength, power, and cardiorespiratory fitness (CRF)] and movement demands that simulate the elderly's daily life activities, such as sit-to-stand from a chair, climbing stairs, and lifting objects off the ground (Izquierdo et al., 2021b). Comprehensive exercise recommendations for older adults can be read in different guidelines (Fragala et al., 2019; Izquierdo et al., 2021b).

In sarcopenic elderly people, the use of RT techniques such as a cluster set (additional short intra-set or inter-repetition rest intervals) can minimize fatigue, reduce perceptions of effort, improve exercise tolerance, and increase training volume (Latella et al., 2021). This strategy facilitates the increase in strength, muscle hypertrophy (Borde et al., 2015), power (Carneiro et al., 2020), and physical function (Ramirez-Campillo et al., 2018).

Recently, the multimodal or multicomponent exercise program (MEP) has gained attention not only by improving strength and muscle mass, but also other physical capacities (Courel-Ibáñez et al., 2021a,b; Gonçalves et al., 2021; Izquierdo et al., 2021a). MEP combines different exercise strategies in the same routine and promotes a dynamic and high-adherence activity that aids to improve physical capacities and skills in addition to those classically seen in sarcopenia, such as balance, CRF, and power (Courel-Ibáñez et al., 2021a,b; Izquierdo et al., 2021a). MEP includes exercise strategies, such as (i) high-velocity RT to improve muscle power (Rodriguez-Lopez et al., 2021; Schaun et al., 2021); (ii) high-intensity interval training (HIIT) to improve CRF and cardiovascular risk profile (Blackwell et al., 2021; Letnes et al., 2021); and (iii) balance exercise to improve postural control and reduce the risk of falls (Lesinski et al., 2015; Gerards et al., 2017).

Although the beneficial effects of exercise go beyond increasing muscle function, some patients or even elderly individuals may not benefit from these adaptations due to exercise intolerance (e.g., frailty, cardiorespiratory disability, etc.), severe disability (e.g., bed rest conditions, cachexia conditions, neurological disorders, etc.), adverse or blunted response to exercise, and low adherence (Seynnes et al., 2004; Rivera-Torres et al., 2019; Lalande et al., 2020; Valenzuela et al., 2020b). In addition, many sarcopenic patients may not meet the minimum criteria for exercise recommendations according to recent guidelines (Fragala et al., 2019; Izquierdo et al., 2021b).

A meta-analysis study with 985 sarcopenic participants has demonstrated that exercise significantly increased muscle strength (grip strength, knee extension), physical function (timed up and go, chair-stand, and gait speed), and muscle mass when compared to control (Zhang et al., 2021b). However, another meta-analysis has shown no differences in muscle mass in sarcopenic individuals who were submitted to exercise when compared to control (Hsu et al., 2019; Bao et al., 2020; Escriche-Escuder et al., 2021). These conflicting results can be explained by the different criteria adopted in the inclusion of participants, exercise protocols, and the criteria used in sarcopenia diagnosis. For instance, sarcopenic obese individuals who need to reduce body weight and maintain muscle mass were excluded in some studies (Zhang et al., 2021b), as well as those with several clinical conditions that make adherence to the exercise protocol unfeasible (Balachandran et al., 2014; Piastra et al., 2018; Tsekoura et al., 2018). These aforementioned studies put on the spot that some sarcopenic individuals may not benefit from an exercise program.

Despite the well-known efficacy of physical exercise on the improvement of physical function in older adults, data regarding other important health outcomes are less clear, such as falls, hospitalization length of stay, and mortality. For instance, exercise may not be effective in improving quality of life, risk of hospital admissions, fractures, and mortality in the elderly population (Bhasin et al., 2020a; García-Hermoso et al., 2020; Stensvold et al., 2020; Ballin and Nordström, 2021). Moreover, in acutely hospitalized older adults, exercise does not exhibit clear benefits in the length of stay or the rate of hospital readmission and mortality (Valenzuela et al., 2020a).

In summary, exercise training (together with the nutritional approach) is the best non-pharmacological treatment to prevent or treat sarcopenia. However, older sarcopenic adults, who cannot adhere properly to exercise due to any reason (clinical conditions, physical and phycological impairment, advanced sarcopenia, etc), must have an alternative method to prevent or treat the loss of physical function. Moreover, some evidence calls into question the eligibility of some patients to adhere to adequate exercise protocols, hence beneficial aspects of exercise will not promote changes of important clinical outcomes, such as mortality risk and hospitalization admission.



ANABOLIC-ANDROGENIC STEROIDS WHEN EXERCISE SEEMS INEFFECTIVE: EVIDENCE AND LIMITATIONS

Hormonal changes play a fundamental role in the pathophysiology of sarcopenia (Basualto-Alarcón et al., 2014; Shin et al., 2018). Blood concentrations of anabolic hormones are known to decrease as humans age and this may interfere with muscle mass and physical functions (McKee et al., 2017; Stangl et al., 2019). AAS are well-known for their muscle ergogenic and anabolic effects. The AASs comprise the endogenous testosterone and its pharmacology-derivated molecules, in which the chemical structure of testosterone was modified to confer distinct patterns of muscle anabolism and/or androgenic effects (Srinivas-Shankar and Wu, 2006; Kicman, 2008; Hoffman et al., 2009).

It is well-known that a normal physiological decline in anabolic hormones occurs over the years, particularly testosterone. The decline in testosterone plasmatic levels may be intensified with low physical capacities in aging individuals. The Cooper Center longitudinal study has shown that low testosterone levels were directly associated with decreased CRF in elderly men (DeFina et al., 2018). In a cohort study (≥65 years; n = 2,587), an inverse association was shown between testosterone levels and physical function and risk of falls in 4 years of follow-up. Those individuals with testosterone levels lower than the 25% quartile reference values exhibited a 40% increase in the risk of falls (Orwoll et al., 2006). In addition, cross-sectional population-based studies have shown that low testosterone levels were associated with decreased muscle strength, poor mobility, decreased muscle mass, and increased risk of falls (Schaap et al., 2005; Chiu et al., 2020). Furthermore, a pronounced testosterone decrease in aging men is associated with high mortality when compared to a normal decline in this hormone in age-matched individuals (Holmboe et al., 2018). Therefore, sarcopenic individuals who present a markedly decrease in testosterone, to lower levels than would be expected, are prone to exhibit more physical function impairment, hence more negative clinical outcomes.

Sex-hormone binding globulin (SHBG), a glycoprotein that binds to sex hormones like testosterone, unlike total and free testosterone, increases with age, hence reducing testosterone bioavailability (Liu et al., 2007; Ramachandran et al., 2019). Due to the increase in SHBG, reductions in bioavailable testosterone show more pronounced declines when compared to total testosterone in aging (Fabbri et al., 2016; Marriott et al., 2021). Recently, the United Kingdom Biobank study demonstrated that high levels of SHBG are a potential biomarker of sarcopenia (Petermann-Rocha et al., 2020). Thus, SHBG appears to play an important role, raising the question of whether or not those individuals with normal levels of total testosterone may present any benefit in the loss of physical function seen during aging.

In a recent review of interventional studies with men and women (≥40 years), exercise training has been shown to provide an increase in the plasmatic anabolic hormones, including testosterone, human growth hormone, insulin-like growth factor-1, and dehydroepiandrosterone sulfate (Zouhal et al., 2021). However, different meta-analyses evaluating exercise interventions have not found an increase in the baseline of total and free testosterone from adults and the elderly (Hayes and Elliott, 2018; Potter et al., 2021). Further studies should be conducted to address the role of exercise training in restoring/maintaining normal hormonal values in the sarcopenic elderly, which could make AAS therapy an interesting approach to improve this condition.

Despite the well-known effects of AAS on increasing muscle mass and physical function, their exogenously use is not a consensus in the management of sarcopenia since these drugs are recognized for their adverse effects (increased levels of hematocrit, blood pressure, cardiovascular and prostate cancer risks, etc.) (Loeb et al., 2017; Gagliano-Jucá and Basaria, 2019; Chasland et al., 2021; Wittert et al., 2021). It is noteworthy that many of these effects are reported by off-label and misuse of testosterone in which supraphysiological plasma levels are chronically sustained for recreational, aesthetic, and muscle-building purposes (Baggish et al., 2017; de Ronde and Smit, 2020; Bhasin et al., 2021a). However, the adverse effects are much less or non-existent in controlled clinical trials, suggesting that AAS could be an approach to sarcopenia management when correctly and safely administered, followed by expertise in the field (Snyder et al., 2018; Diem et al., 2020).

Currently, the most studied and recommend exogenously use of AAS is the Testosterone Replacement Therapy (TRT) for men with hypogonadism (Ponce et al., 2018; Diem et al., 2020). The TRT is used to improve libido, sexual function, and quality of life in symptomatic men with abnormally low blood testosterone levels. However, TRT is not recommended for improving muscle function or increasing muscle mass in this population due to low levels of evidence in the literature (Bhasin et al., 2018b; Corona et al., 2020; Qaseem et al., 2020). Caution should be taken with hypogonadism TRT studies since the recommendations do not apply to treat or manage sarcopenia.

Loss of physical function and muscle mass are associated with physical fatigue, being a common secondary symptom of hypogonadism. However, fatigue per si is a subjective complaint and report of these individuals, and physical function is generally not evaluated by health professionals to precisely determine whether fatigue is due to psychosomatic, muscle impairment, sarcopenic status, or another origin. Sarcopenia and hypogonadism may be closely related, despite the prevalence of sarcopenic people with hypogonadism are still unknown (Bhasin et al., 2018b; Corona et al., 2020; Qaseem et al., 2020). Many sarcopenic men may also meet clinical criteria for hypogonadism, and TRT in this case can also improve physical function (Parahiba et al., 2020; Varanoske et al., 2020).

An umbrella review from the Belgian Society of Gerontology and Geriatrics has shown that TRT promoted a strong effect on muscle mass and a modest-to-minimal effect on muscle strength and physical function. In addition, the authors suggest that TRT may be recommended in men with low serum levels of total testosterone (<200–300 ng/dl) to manage the sarcopenia syndrome (De Spiegeleer et al., 2018). In a recent meta-analysis with 773 middle-aged and elderly men, TRT was associated with an increase in muscle mass, strength, and physical performance (Parahiba et al., 2020). Although this study was not conducted exclusively with sarcopenic individuals, the results demonstrated a significant effect of TRT in improving some sarcopenic features (muscle mass and physical function).

In another meta-analysis conducted by Varanoske et al. (2020), TRT per si increased lower body, upper body, handgrip strength, lower body muscular endurance, and functional test performance. Functional performance only improved in patients with clinical conditions and older adults (>60 years), but not in younger men (<60 years). In this study, TRT was shown to be more effective in increasing muscle mass than muscle strength or physical function. In addition, TRT can promote a better physical function in sarcopenic than non-sarcopenic older adults. The Testosterone Trials, a double-blind 3-year RCT, have shown that TRT in non-sarcopenic older men was associated with modest, but significant improvement in muscle mass and physical function (Storer et al., 2017). These findings suggest a possible role of TRT in preventing or decreasing the progression of sarcopenia.

Recent evidence has shown that AAS therapy is effective in sarcopenia management (Parahiba et al., 2020; Varanoske et al., 2020). However, there is no clinical consensus that recommends AAS administration in sarcopenia. This is probably due to the lack of RCTs conducted exclusively with sarcopenic patients. In addition, sarcopenia is a condition associated with and/or secondary to other clinical conditions, such as type 2 diabetes mellitus (T2DM), metabolic syndrome (MetS), obesity, anemia, osteoporosis, etc. (Batsis and Villareal, 2018; Bani Hassan et al., 2020; de Freitas et al., 2020; Kirk et al., 2020; Kim et al., 2021a).

It has recently been proposed that the use of AAS (more specifically TRT) should be based on a patient-centered perspective, taking into account the balance between benefit and risk of AAS prescription (Bhasin, 2021; Bhasin and Ozimek, 2021). Thus, the use of AAS can be favored when it is also indicated for other clinical conditions that coexist with sarcopenia. In Table 1, the applicability of using AAS for these conditions is presented according to high-level evidence studies.



TABLE 1. Clinical conditions coexist with sarcopenia and applicability of anabolic androgenic steroids.
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Clinical conditions shown in Table 1 are commonly seen in elderly sarcopenic individuals. Then, the use of AAS promotes beneficial outcomes, by increasing not only muscle mass and physical function, but also by improving the clinical parameters related to these conditions.



A BRIEF LOOK AT NUTRITIONAL AND MEDICATION IN SARCOPENIA

Malnutrition can be defined as inadequate bioavailability of nutrients that lead to decreased physical and mental functions and compromised quality of life and survival (Cederholm et al., 2017). It is considered a predictor of the incidence and prevalence of sarcopenia (Beaudart et al., 2019; Sieber, 2019). Sarcopenic older adults have lower total caloric intake (macronutrients and micronutrients) compared to non-sarcopenic elderly, and this contributes to the state of catabolism and anabolic resistance (Santiago et al., 2021). Sarcopenia associated with malnutrition is a hard-to-treat condition by only administering a correct dietary regimen, since the long-term results of supplementation may not overcome the unbalanced anabolic hormones and the chronic low-grade inflammation seen in these individuals (Reckman et al., 2019). In addition, adding macronutrients to increase the caloric intake can be a barrier for older adults, particularly those with other medical conditions, who naturally reduce their caloric intake, appetite, masticatory, and gastrointestinal functions (Soenen et al., 2016; van Dronkelaar et al., 2019; Senoo et al., 2020).

Nutritional interventions, evaluated in meta-analyses studies, have shown a minimal effect on sarcopenia progression, and a null effect in those groups that perform exercise training (Yoshimura et al., 2017; Choi et al., 2021; Wu et al., 2021). OPTIMen Trial has shown that the amount of protein intake (1.3 vs. 0.8 g/kg/day) did not affect muscle mass and physical function when compared to the groups that used placebo instead of TRT. However, in the TRT groups (testosterone enanthate, 100 mg/week), muscle mass and physical function were increased, regardless of the amount of protein ingested (Bhasin et al., 2018a). These data suggest that restoring testosterone to physiological levels may promote a better outcome in sarcopenia than nutritional approaches per se. The effectiveness of nutritional interventions to promote changes in the baseline of testosterone levels is unclear (Henning et al., 2014; Zamir et al., 2021).

As aging progress, different morbidities affect the population, hence the use of medication is a common scenario to treat prevalent diseases. It is estimated that 21% of older adults with T2DM are sarcopenic (de Freitas et al., 2020), and most of them use metformin, the first-line medication to treat this condition (American Diabetes Association, 2021). In the MASTERS trial, metformin has been proved to attenuate muscle hypertrophy in response to resistance training in the elderly population (Walton et al., 2019). On the other hand, the SPRINT trial has demonstrated that exercise training is effective in improving physical function, regardless of whether the participant is a statin and/or antihypertensive user (Alturki et al., 2021).

As shown in Table 1, TRT seems to improve glycemic control and may counteract the deleterious effect of metformin on muscle anabolism in sarcopenic elderly patients with T2DM under metformin treatment. Further studies should be carried out to confirm these findings. Other drugs frequently used by the elderly population to treat cardiovascular disorders do not appear to have a significant effect on sarcopenia (Alturki et al., 2018; Zhang et al., 2021a).

The impact of co-administration of testosterone and other drugs used to treat common age-related diseases needs to be clarified by further investigations to support better interventions that will beneficiate the individual’s health.



UNCERTAINTIES

Although a positive AAS dose–response relation promotes an increase in strength and muscle mass, the administration route seems to play an important role to manage sarcopenia (Bhasin et al., 2001; Borst and Yarrow, 2015). A meta-analysis demonstrated that intramuscular TRT promotes a 3–5 times increase in muscle mass and strength when compared to transdermal testosterone (Skinner et al., 2018). However, TRT may be contraindicated for many sarcopenic patients with normal blood testosterone levels, as it would cause an abnormal increase in hormonal concentration (McKee et al., 2017; Stangl et al., 2019). Some other AAS, such as Nandrolone Decanoate (ND) and Oxandrolone, demonstrated efficacy in increasing strength and muscle mass in clinical conditions (AIDS, Chronic kidney disease, and COPD), eugonadal older man, and older women (Creutzberg et al., 2003; Grunfeld et al., 2006; Johansen et al., 2006; Sardar et al., 2010; Mavros et al., 2015). There is still no clear evidence about which type of AAS is most effective and suitable for sarcopenia.

The safety of AAS use is still the major obstacle to AAS therapy in the sarcopenic population. In longitudinal non-clinical trial studies, TRT has been shown to reduce the risk of mortality, the incidence of cardiovascular events, and prostate cancer (Wallis et al., 2016; Jasuja et al., 2019; Haider et al., 2020). However, these studies still present some selection bias. AAS and its impact on major outcomes, such as mortality, cardiovascular events, and hospitalization remain to be clarified by future RCTs. The TRT for Assessment of long-term Vascular Events and efficacy Response in hypogonadal men (TRAVERSE) study is an ongoing randomized, double-blind, placebo-controlled, parallel-group, non-inferiority, and multicenter study (Bhasin et al., 2021b). This adequately powered randomized trial with long-term safety of TRT will answer many questions on cardiovascular safety.



CONCLUSION

Healthy physical function depends on an intricate relation of physiological factors, which make any pharmacological therapy very unlikely to be the “magic bullet.” Exercise represents the main approach that can impact the multi-domain determinants of sarcopenia (physical function and muscle mass). The MEP has shown to be a reliable approach that should be incorporated into the sarcopenic patient's routine, considering their limitations, idiosyncrasies, and comorbidities. Exercise programs must be recommended by health professionals who will evaluate periodically the progression of sarcopenic factors, such as strength, power, physical performance, and muscle mass. Accordingly to individual response to exercise overtime in the aforementioned parameters, exogenous use of AAS may be considered in the case of severe progression of sarcopenia (Figure 1). Despite the suggestive role of TRT in the prevention/treatment of sarcopenia, the exercise training associated with lifestyle changes should be the first-line approach to manage this condition, since there are still inconclusive data on the safety, efficacy, and other drug interaction of long-term AAS usage.
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FIGURE 1. Summary of exercise training and anabolic androgenic steroids recommendations for the treatment of sarcopenia. 1RM, 1 repetition maximum; AAS, anabolic androgenic steroids; HIIT, high-intensity interval training; IM, intramuscular; MetS, metabolic syndrome; ND, nandrolone decanoate; RT, resistance training; T2DM, type 2 diabetes mellitus; TRT, testosterone replacement therapy; ♂: men; and ♀: women.


On the other hand, the decision to use AAS should be guided by an evidence-based patient-centric perspective, with the assessment of the potential benefits and risks (Bhasin, 2021). Sarcopenic patients may have other disorders, such as hypogonadism, MetS, obesity, TDM2, osteoporosis, unexplained anemia, and malnutritional status that favor the use of AAS. However, further long-term randomized clinical trials should be carried out to investigate the safety and efficacy of AAS therapy in sarcopenia alone and individuals with other comorbidities. Despite the well-known physiological effects of testosterone, there is no consensus of its use in clinical practice as an adjuvant or main treatment for muscle-loss conditions.



AUTHOR CONTRIBUTIONS

HF and LM contributed with the original idea of the article, search of bibliographic references, and elaboration of the manuscript. MS contributed with bibliographic reference research and manuscript elaboration. All authors contributed to the article and approved the submitted version.



REFERENCES

 Alcazar, J., Alegre, L. M., Van Roie, E., Magalhães, J. P., Nielsen, B. R., González-Gross, M., et al. (2021a). Relative sit-to-stand power: aging trajectories, functionally relevant cut-off points, and normative data in a large European cohort. J. Cachexia. Sarcopenia Muscle 12, 921–932. doi: 10.1002/jcsm.12737 

 Alcazar, J., Navarrete-Villanueva, D., Mañas, A., Gómez-Cabello, A., Pedrero-Chamizo, R., Alegre, L. M., et al. (2021b). “Fat but powerful” paradox: association of muscle power and adiposity markers with all-cause mortality in older adults from the EXERNET multicentre study. Br. J. Sports Med. 55, 1204–1211. doi: 10.1136/bjsports-2020-103720 

 Alturki, M., Beyer, I., Mets, T., and Bautmans, I. (2018). Impact of drugs with anti-inflammatory effects on skeletal muscle and inflammation: a systematic literature review. Exp. Gerontol. 114, 33–49. doi: 10.1016/j.exger.2018.10.011 

 Alturki, M., Liberman, K., Delaere, A., De Dobbeleer, L., Knoop, V., Mets, T., et al. (2021). Effect of antihypertensive and statin medication use on muscle performance in community-dwelling older adults performing strength training. Drugs Aging 38, 253–263. doi: 10.1007/s40266-020-00831-5 

 American Diabetes Association (2021). Standards of medical care in diabetes-2021 abridged for primary care providers. Clin. Diabet. 39, 14–43. doi: 10.2337/cd21-as01 

 Bachettini, N. P., Bielemann, R. M., Barbosa-Silva, T. G., Menezes, A. M. B., Tomasi, E., and Gonzalez, M. C. (2020). Sarcopenia as a mortality predictor in community-dwelling older adults: a comparison of the diagnostic criteria of the European working group on sarcopenia in older people. Eur. J. Clin. Nutr. 74, 573–580. doi: 10.1038/s41430-019-0508-8 

 Baggish, A. L., Weiner, R. B., Kanayama, G., Hudson, J. I., Lu, M. T., Hoffmann, U., et al. (2017). Cardiovascular toxicity of illicit anabolic-androgenic steroid use. Circulation 135, 1991–2002. doi: 10.1161/CIRCULATIONAHA.116.026945 

 Balachandran, A., Krawczyk, S. N., Potiaumpai, M., and Signorile, J. F. (2014). High-speed circuit training vs hypertrophy training to improve physical function in sarcopenic obese adults: a randomized controlled trial. Exp. Gerontol. 60, 64–71. doi: 10.1016/j.exger.2014.09.016 

 Ballin, M., and Nordström, P. (2021). Does exercise prevent major non-communicable diseases and premature mortality? A critical review based on results from randomized controlled trials. J. Intern. Med. 290, 1112–1129. doi: 10.1111/joim.13353 

 Bani Hassan, E., Vogrin, S., Hernandez Viña, I., Boersma, D., Suriyaarachchi, P., and Duque, G. (2020). Hemoglobin levels are low in sarcopenic and osteosarcopenic older persons. Calcif. Tissue Int. 107, 135–142. doi: 10.1007/s00223-020-00706-2 

 Bao, W., Sun, Y., Zhang, T., Zou, L., Wu, X., Wang, D., et al. (2020). Exercise programs for muscle mass, muscle strength and physical performance in older adults with sarcopenia: a systematic review and meta-analysis. Aging Dis. 11, 863–873. doi: 10.14336/AD.2019.1012 

 Barnouin, Y., Armamento-Villareal, R., Celli, A., Jiang, B., Paudyal, A., Nambi, V., et al. (2021). Testosterone replacement therapy added to intensive lifestyle intervention in older men with obesity and hypogonadism. J. Clin. Endocrinol. Metab. 106, e1096–e1110. doi: 10.1210/clinem/dgaa917 

 Basualto-Alarcón, C., Varela, D., Duran, J., Maass, R., and Estrada, M. (2014). Sarcopenia and androgens: a link between pathology and treatment. Front. Endocrinol. 5:217. doi: 10.3389/fendo.2014.00217 

 Batsis, J. A., and Villareal, D. T. (2018). Sarcopenic obesity in older adults: aetiology, epidemiology and treatment strategies. Nat. Rev. Endocrinol. 14, 513–537. doi: 10.1038/s41574-018-0062-9 

 Beaudart, C., Sanchez-Rodriguez, D., Locquet, M., Reginster, J.-Y., Lengelé, L., and Bruyère, O. (2019). Malnutrition as a strong predictor of the onset of sarcopenia. Nutrients 11:2883. doi: 10.3390/nu11122883 

 Bhasin, S. (2021). Testosterone replacement in aging men: an evidence-based patient-centric perspective. J. Clin. Invest. 131:e146607. doi: 10.1172/JCI146607 

 Bhasin, S., Apovian, C. M., Travison, T. G., Pencina, K., Moore, L. L., Huang, G., et al. (2018a). Effect of protein intake on lean body mass in functionally limited older men. JAMA Intern. Med. 178, 530–541. doi: 10.1001/jamainternmed.2018.0008 

 Bhasin, S., Brito, J. P., Cunningham, G. R., Hayes, F. J., Hodis, H. N., Matsumoto, A. M., et al. (2018b). Testosterone therapy in men with hypogonadism: an endocrine society clinical practice guideline. J. Clin. Endocrinol. Metab. 103, 1715–1744. doi: 10.1210/jc.2018-00229 

 Bhasin, S., Gill, T. M., Reuben, D. B., Latham, N. K., Ganz, D. A., Greene, E. J., et al. (2020a). A randomized trial of a multifactorial strategy to prevent serious fall injuries. N. Engl. J. Med. 383, 129–140. doi: 10.1056/NEJMoa2002183 

 Bhasin, S., Hatfield, D. L., Hoffman, J. R., Kraemer, W. J., Labotz, M., Phillips, S. M., et al. (2021a). Anabolic-androgenic steroid use in sports, health, and society. Med. Sci. Sports Exerc. 53, 1778–1794. doi: 10.1249/MSS.0000000000002670 

 Bhasin, S., Lincoff, A. M., Basaria, S., Bauer, D. C., Boden, W. E., Cunningham, G. R., et al. (2021b). Effects of long-term testosterone treatment on cardiovascular outcomes in men with hypogonadism: rationale and design of the TRAVERSE study. Am. Heart J. 245, 41–50. doi: 10.1016/j.ahj.2021.11.016

 Bhasin, S., and Ozimek, N. (2021). Optimizing diagnostic accuracy and treatment decisions in men with testosterone deficiency. Endocr. Pract. 27, 1252–1259. doi: 10.1016/j.eprac.2021.08.002 

 Bhasin, S., Travison, T. G., Manini, T. M., Patel, S., Pencina, K. M., Fielding, R. A., et al. (2020b). Sarcopenia definition: the position statements of the sarcopenia definition and outcomes consortium. J. Am. Geriatr. Soc. 68, 1410–1418. doi: 10.1111/jgs.16372 

 Bhasin, S., Woodhouse, L., Casaburi, R., Singh, A. B., Bhasin, D., Berman, N., et al. (2001). Testosterone dose-response relationships in healthy young men. Am. J. Physiol. Endocrinol. Metab. 281, E1172–E1181. doi: 10.1152/ajpendo.2001.281.6.E1172 

 Blackwell, J. E. M., Gharahdaghi, N., Brook, M. S., Watanabe, S., Boereboom, C. L., Doleman, B., et al. (2021). The physiological impact of high-intensity interval training in octogenarians with comorbidities. J. Cachexia. Sarcopenia Muscle 12, 866–879. doi: 10.1002/jcsm.12724 

 Borde, R., Hortobágyi, T., and Granacher, U. (2015). Dose-response relationships of resistance training in healthy old adults: a systematic review and meta-analysis. Sports Med. 45, 1693–1720. doi: 10.1007/s40279-015-0385-9 

 Borst, S. E., and Yarrow, J. F. (2015). Injection of testosterone may be safer and more effective than transdermal administration for combating loss of muscle and bone in older men. Am. J. Physiol. Endocrinol. Metab. 308, E1035–E1042. doi: 10.1152/ajpendo.00111.2015 

 Brown, W. J., McLaughlin, D., Leung, J., McCaul, K. A., Flicker, L., Almeida, O. P., et al. (2012). Physical activity and all-cause mortality in older women and men. Br. J. Sports Med. 46, 664–668. doi: 10.1136/bjsports-2011-090529 

 Carneiro, M. A. S., de Oliveira Júnior, G. N., de Sousa, J. F. R., Souza, M. V. C., and Orsatti, F. L. (2020). Cluster training sets is an important stimulus for promoting gains in muscle power regardless of resistance training program design in older women. Sci. Sport. 35, 239.e1–239.e8. doi: 10.1016/j.scispo.2019.08.003

 Cederholm, T., Barazzoni, R., Austin, P., Ballmer, P., Biolo, G., Bischoff, S. C., et al. (2017). ESPEN guidelines on definitions and terminology of clinical nutrition. Clin. Nutr. 36, 49–64. doi: 10.1016/j.clnu.2016.09.004 

 Chang, A. Y., Skirbekk, V. F., Tyrovolas, S., Kassebaum, N. J., and Dieleman, J. L. (2019). Measuring population ageing: an analysis of the global burden of disease study 2017. Lancet Public Health 4, e159–e167. doi: 10.1016/S2468-2667(19)30019-2 

 Chasland, L. C., Green, D. J., Schlaich, M. P., Maiorana, A. J., Cooke, B. R., Cox, K. L., et al. (2021). Effects of testosterone treatment, with and without exercise training, on ambulatory blood pressure in middle-aged and older men. Clin. Endocrinol. 95, 176–186. doi: 10.1111/cen.14442 

 Chiu, H.-T., Shih, M.-T., and Chen, W.-L. (2020). Examining the association between grip strength and testosterone. Aging Male 23, 915–922. doi: 10.1080/13685538.2019.1632282 

 Choi, M., Kim, H., and Bae, J. (2021). Does the combination of resistance training and a nutritional intervention have a synergic effect on muscle mass, strength, and physical function in older adults? A systematic review and meta-analysis. BMC Geriatr. 21:639. doi: 10.1186/s12877-021-02491-5 

 Clark, B. C., and Manini, T. M. (2008). Sarcopenia =/= dynapenia. J. Gerontol. A Biol. Sci. Med. Sci. 63, 829–834. doi: 10.1093/gerona/63.8.829 

 Corona, G., Goulis, D. G., Huhtaniemi, I., Zitzmann, M., Toppari, J., Forti, G., et al. (2020). European academy of andrology (EAA) guidelines on investigation, treatment and monitoring of functional hypogonadism in males: endorsing organization: european society of endocrinology. Andrology 8, 970–987. doi: 10.1111/andr.12770 

 Corona, G., Rastrelli, G., Vignozzi, L., Barbonetti, A., Sforza, A., Mannucci, E., et al. (2021). The role of testosterone treatment in patients with metabolic disorders. Expert. Rev. Clin. Pharmacol. 14, 1091–1103. doi: 10.1080/17512433.2021.1938548 

 Courel-Ibáñez, J., Buendía-Romero, Á., Pallarés, J. G., García-Conesa, S., Martínez-Cava, A., and Izquierdo, M. (2021a). Impact of tailored multicomponent exercise for prevent weakness and falls on nursing home residents’ functional capacity. J. Am. Med. Dir. Assoc. 23, 98.e3–104.e3. doi: 10.1016/j.jamda.2021.05.037 

 Courel-Ibáñez, J., Pallarés, J. G., García-Conesa, S., Buendía-Romero, Á., Martínez-Cava, A., and Izquierdo, M. (2021b). Supervised exercise (Vivifrail) protects institutionalized older adults against severe functional decline after 14 weeks of COVID confinement. J. Am. Med. Dir. Assoc. 22, 217.e2–219.e2. doi: 10.1016/j.jamda.2020.11.007 

 Creutzberg, E. C., Wouters, E. F. M., Mostert, R., Pluymers, R. J., and Schols, A. M. W. J. (2003). A role for anabolic steroids in the rehabilitation of patients with COPD? A double-blind, placebo-controlled, randomized trial. Chest 124, 1733–1742. doi: 10.1378/chest.124.5.1733 

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

 DeFina, L. F., Radford, N. B., Leonard, D., Wilson, R. K., Cooper, T. C., Clark, S. M., et al. (2018). The association of cardiorespiratory fitness, body mass index, and age with testosterone levels at screening of healthy men undergoing preventive medical examinations: the cooper center longitudinal study. Maturitas 118, 1–6. doi: 10.1016/j.maturitas.2018.09.004 

 de Freitas, M. M., de Oliveira, V. L. P., Grassi, T., Valduga, K., Miller, M. E. P., Schuchmann, R. A., et al. (2020). Difference in sarcopenia prevalence and associated factors according to 2010 and 2018 European consensus (EWGSOP) in elderly patients with type 2 diabetes mellitus. Exp. Gerontol. 132:110835. doi: 10.1016/j.exger.2020.110835 

 de Ronde, W., and Smit, D. L. (2020). Anabolic androgenic steroid abuse in young males. Endocr. Connect. 9, R102–R111. doi: 10.1530/EC-19-0557 

 De Spiegeleer, A., Beckwée, D., Bautmans, I., and Petrovic, M., Sarcopenia Guidelines Development group of the Belgian Society of Gerontology and Geriatrics (BSGG) (2018). Pharmacological interventions to improve muscle mass, muscle strength and physical performance in older people: an umbrella review of systematic reviews and meta-analyses. Drugs Aging 35, 719–734. doi: 10.1007/s40266-018-0566-y 

 Diem, S. J., Greer, N. L., MacDonald, R., McKenzie, L. G., Dahm, P., Ercan-Fang, N., et al. (2020). Efficacy and safety of testosterone treatment in men: an evidence report for a clinical practice guideline by the american college of physicians. Ann. Intern. Med. 172, 105–118. doi: 10.7326/M19-0830 

 Dos Santos, M. R., Sayegh, A. L. C., Bacurau, A. V. N., Arap, M. A., Brum, P. C., Pereira, R. M. R., et al. (2016). Effect of exercise training and testosterone replacement on skeletal muscle wasting in patients with heart failure with testosterone deficiency. Mayo Clin. Proc. 91, 575–586. doi: 10.1016/j.mayocp.2016.02.014 

 Escriche-Escuder, A., Fuentes-Abolafio, I. J., Roldán-Jiménez, C., and Cuesta-Vargas, A. I. (2021). Effects of exercise on muscle mass, strength, and physical performance in older adults with sarcopenia: a systematic review and meta-analysis according to the EWGSOP criteria. Exp. Gerontol. 151:111420. doi: 10.1016/j.exger.2021.111420 

 Fabbri, E., An, Y., Gonzalez-Freire, M., Zoli, M., Maggio, M., Studenski, S. A., et al. (2016). Bioavailable testosterone linearly declines over a wide age spectrum in men and women from the Baltimore longitudinal study of aging. J. Gerontol. Ser. A 71, 1202–1209. doi: 10.1093/gerona/glw021 

 Falcon, L. J., and Harris-Love, M. O. (2017). Sarcopenia and the new ICD-10-CM code: screening, staging, and diagnosis considerations. Fed. Pract. 34, 24–32. doi: 10.13140/RG.2.2.11364.88960 

 Fielding, R. A., Vellas, B., Evans, W. J., Bhasin, S., Morley, J. E., Newman, A. B., et al. (2011). Sarcopenia: an undiagnosed condition in older adults. Current consensus definition: prevalence, etiology, and consequences. International working group on sarcopenia. J. Am. Med. Dir. Assoc. 12, 249–256. doi: 10.1016/j.jamda.2011.01.003 

 Fragala, M. S., Cadore, E. L., Dorgo, S., Izquierdo, M., Kraemer, W. J., Peterson, M. D., et al. (2019). Resistance training for older adults: position statement from the national strength and conditioning association. J. Strength Cond. Res. 33, 2019–2052. doi: 10.1519/JSC.0000000000003230 

 Frisoli, A., Chaves, P. H. M., Pinheiro, M. M., and Szejnfeld, V. L. (2005). The effect of nandrolone decanoate on bone mineral density, muscle mass, and hemoglobin levels in elderly women with osteoporosis: a double-blind, randomized, placebo-controlled clinical trial. J. Gerontol. A Biol. Sci. Med. Sci. 60, 648–653. doi: 10.1093/gerona/60.5.648 

 Gagliano-Jucá, T., and Basaria, S. (2019). Testosterone replacement therapy and cardiovascular risk. Nat. Rev. Cardiol. 16, 555–574. doi: 10.1038/s41569-019-0211-4 

 García-Hermoso, A., Ramirez-Vélez, R., Sáez de Asteasu, M. L., Martínez-Velilla, N., Zambom-Ferraresi, F., Valenzuela, P. L., et al. (2020). Safety and effectiveness of long-term exercise interventions in older adults: a systematic review and meta-analysis of randomized controlled trials. Sports Med. 50, 1095–1106. doi: 10.1007/s40279-020-01259-y 

 Gerards, M. H. G., McCrum, C., Mansfield, A., and Meijer, K. (2017). Perturbation-based balance training for falls reduction among older adults: current evidence and implications for clinical practice. Geriatr Gerontol Int 17, 2294–2303. doi: 10.1111/ggi.13082 

 Gonçalves, A. K., Griebler, E. M., da Silva, W. A., Sant Helena, D. P., da Silva, P. C., Possamai, V. D., et al. (2021). Does a multicomponent exercise program improve physical fitness in older adults? Findings from a 5-year longitudinal study. J. Aging Phys. Act. 29, 814–821. doi: 10.1123/japa.2020-0070 

 Grgic, J., Garofolini, A., Orazem, J., Sabol, F., Schoenfeld, B. J., and Pedisic, Z. (2020). Effects of resistance training on muscle size and strength in very elderly adults: a systematic review and meta-analysis of randomized controlled trials. Sports Med. 50, 1983–1999. doi: 10.1007/s40279-020-01331-7 

 Grunfeld, C., Kotler, D. P., Dobs, A., Glesby, M., and Bhasin, S. (2006). Oxandrolone in the treatment of HIV-associated weight loss in men: a randomized, double-blind, placebo-controlled study. J. Acquir. Immune Defic. Syndr. 41, 304–314. doi: 10.1097/01.qai.0000197546.56131.40 

 Haider, K. S., Haider, A., Saad, F., Doros, G., Hanefeld, M., Dhindsa, S., et al. (2020). Remission of type 2 diabetes following long-term treatment with injectable testosterone undecanoate in patients with hypogonadism and type 2 diabetes: 11-year data from a real-world registry study. Diabetes Obes. Metab. 22, 2055–2068. doi: 10.1111/dom.14122 

 Hayes, L. D., and Elliott, B. T. (2018). Short-term exercise training inconsistently influences basal testosterone in older men: a systematic review and meta-analysis. Front. Physiol. 9:1878. doi: 10.3389/fphys.2018.01878 

 Henning, P. C., Margolis, L. M., McClung, J. P., Young, A. J., and Pasiakos, S. M. (2014). High protein diets do not attenuate decrements in testosterone and IGF-I during energy deficit. Metabolism 63, 628–632. doi: 10.1016/j.metabol.2014.02.007 

 Hoffman, J. R., Kraemer, W. J., Bhasin, S., Storer, T., Ratamess, N. A., Haff, G. G., et al. (2009). Position stand on androgen and human growth hormone use. J. Strength Cond. Res. 23, S1–S59. doi: 10.1519/JSC.0b013e31819df2e6 

 Holmboe, S. A., Skakkebæk, N. E., Juul, A., Scheike, T., Jensen, T. K., Linneberg, A., et al. (2018). Individual testosterone decline and future mortality risk in men. Eur. J. Endocrinol. 178, 123–130. doi: 10.1530/EJE-17-0280 

 Hsu, K.-J., Liao, C.-D., Tsai, M.-W., and Chen, C.-N. (2019). Effects of exercise and nutritional intervention on body composition, metabolic health, and physical performance in adults with sarcopenic obesity: a meta-analysis. Nutrients 11:2163. doi: 10.3390/nu11092163 

 Izquierdo, M., Laosa, O., Cadore, E. L., Abizanda, P., Garcia-Garcia, F. J., Hornillos, M., et al. (2021a). Two-year follow-up of a multimodal intervention on functional capacity and muscle power in frail patients with type 2 diabetes. J. Am. Med. Dir. Assoc. 22, 1906–1911. doi: 10.1016/j.jamda.2021.06.022 

 Izquierdo, M., Merchant, R. A., Morley, J. E., Anker, S. D., Aprahamian, I., Arai, H., et al. (2021b). International exercise recommendations in older adults (ICFSR): expert consensus guidelines. J. Nutr. Health Aging 25, 824–853. doi: 10.1007/s12603-021-1665-8 

 Jasuja, G. K., Ameli, O., Reisman, J. I., Rose, A. J., Miller, D. R., Berlowitz, D. R., et al. (2019). Health outcomes among long-term opioid users with testosterone prescription in the veterans health administration. JAMA Netw. Open 2:e1917141. doi: 10.1001/jamanetworkopen.2019.17141 

 Johansen, K. L., Painter, P. L., Sakkas, G. K., Gordon, P., Doyle, J., and Shubert, T. (2006). Effects of resistance exercise training and nandrolone decanoate on body composition and muscle function among patients who receive hemodialysis: a randomized, controlled trial. J. Am. Soc. Nephrol. 17, 2307–2314. doi: 10.1681/ASN.2006010034 

 Khera, M., Broderick, G. A., Carson, C. C., Dobs, A. S., Faraday, M. M., Goldstein, I., et al. (2016). Adult-onset hypogonadism. Mayo Clin. Proc. 91, 908–926. doi: 10.1016/j.mayocp.2016.04.022 

 Kicman, A. T. (2008). Pharmacology of anabolic steroids. Br. J. Pharmacol. 154, 502–521. doi: 10.1038/bjp.2008.165 

 Kim, S. H., Jeong, J. B., Kang, J., Ahn, D.-W., Kim, J. W., Kim, B. G., et al. (2021a). Association between sarcopenia level and metabolic syndrome. PLoS One 16:e0248856. doi: 10.1371/journal.pone.0248856 

 Kim, S. H., Park, J. J., Kim, K. H., Yang, H. J., Kim, D. S., Lee, C. H., et al. (2021b). Efficacy of testosterone replacement therapy for treating metabolic disturbances in late-onset hypogonadism: a systematic review and meta-analysis. Int. Urol. Nephrol. 53, 1733–1746. doi: 10.1007/s11255-021-02876-w 

 Kingston, A., Robinson, L., Booth, H., Knapp, M., and Jagger, C., MODEM project (2018). Projections of multi-morbidity in the older population in England to 2035: estimates from the population ageing and care simulation (PACSim) model. Age Ageing 47, 374–380. doi: 10.1093/ageing/afx201 

 Kirk, B., Zanker, J., and Duque, G. (2020). Osteosarcopenia: epidemiology, diagnosis, and treatment-facts and numbers. J. Cachexia. Sarcopenia Muscle 11, 609–618. doi: 10.1002/jcsm.12567 

 Lalande, S., Cross, T. J., Keller-Ross, M. L., Morris, N. R., Johnson, B. D., and Taylor, B. J. (2020). Exercise intolerance in heart failure: central role for the pulmonary system. Exerc. Sport Sci. Rev. 48, 11–19. doi: 10.1249/JES.0000000000000208 

 Latella, C., Peddle-McIntyre, C., Marcotte, L., Steele, J., Kendall, K., and Fairman, C. M. (2021). Strengthening the case for cluster set resistance training in aged and clinical settings: emerging evidence, proposed benefits and suggestions. Sports Med. 51, 1335–1351. doi: 10.1007/s40279-021-01455-4 

 Lesinski, M., Hortobágyi, T., Muehlbauer, T., Gollhofer, A., and Granacher, U. (2015). Effects of balance training on balance performance in healthy older adults: a systematic review and meta-analysis. Sports Med. 45, 1721–1738. doi: 10.1007/s40279-015-0375-y 

 Letnes, J. M., Berglund, I., Johnson, K. E., Dalen, H., Nes, B. M., Lydersen, S., et al. (2021). Effect of 5 years of exercise training on the cardiovascular risk profile of older adults: the generation 100 randomized trial. Eur. Heart J. doi: 10.1093/eurheartj/ehab721 [Epub ahead of print]

 Liu, P. Y., Beilin, J., Meier, C., Nguyen, T. V., Center, J. R., Leedman, P. J., et al. (2007). Age-related changes in serum testosterone and sex hormone binding globulin in Australian men: longitudinal analyses of two geographically separate regional cohorts. J. Clin. Endocrinol. Metab. 92, 3599–3603. doi: 10.1210/jc.2007-0862 

 Loeb, S., Folkvaljon, Y., Damber, J.-E., Alukal, J., Lambe, M., and Stattin, P. (2017). Testosterone replacement therapy and risk of favorable and aggressive prostate cancer. J. Clin. Oncol. 35, 1430–1436. doi: 10.1200/JCO.2016.69.5304 

 Marriott, R. J., Murray, K., Hankey, G. J., Manning, L., Dwivedi, G., Wu, F. C. W., et al. (2021). Longitudinal changes in serum testosterone and sex hormone-binding globulin in men aged 40-69 years from the UK biobank. Clin. Endocrinol. doi: 10.1111/cen.14648 [Epub ahead of print]

 Mavros, Y., O’Neill, E., Connerty, M., Bean, J. F., Broe, K., Kiel, D. P., et al. (2015). Oxandrolone augmentation of resistance training in older women: a randomized trial. Med. Sci. Sports Exerc. 47, 2257–2267. doi: 10.1249/MSS.0000000000000690 

 McKee, A., Morley, J. E., Matsumoto, A. M., and Vinik, A. (2017). Sarcopenia: an endocrine disorder? Endocr. Pract. 23, 1140–1149. doi: 10.4158/EP171795.RA 

 Meier, N. F., and Lee, D.-C. (2020). Physical activity and sarcopenia in older adults. Aging Clin. Exp. Res. 32, 1675–1687. doi: 10.1007/s40520-019-01371-8 

 Ng Tang Fui, M., Hoermann, R., Bracken, K., Handelsman, D. J., Inder, W. J., Stuckey, B. G. A., et al. (2021). Effect of testosterone treatment on bone microarchitecture and bone mineral density in men: a 2-year RCT. J. Clin. Endocrinol. Metab. 106, e3143–e3158. doi: 10.1210/clinem/dgab149 

 Orwoll, E., Lambert, L. C., Marshall, L. M., Blank, J., Barrett-Connor, E., Cauley, J., et al. (2006). Endogenous testosterone levels, physical performance, and fall risk in older men. Arch. Intern. Med. 166, 2124–2131. doi: 10.1001/archinte.166.19.2124 

 Papadopoulou, S. K., Tsintavis, P., Potsaki, P., and Papandreou, D. (2020). Differences in the prevalence of sarcopenia in community-dwelling, nursing home and hospitalized individuals. A systematic review and meta-analysis. J. Nutr. Health Aging 24, 83–90. doi: 10.1007/s12603-019-1267-x 

 Parahiba, S. M., Ribeiro, É. C. T., Corrêa, C., Bieger, P., Perry, I. S., and Souza, G. C. (2020). Effect of testosterone supplementation on sarcopenic components in middle-aged and elderly men: a systematic review and meta-analysis. Exp. Gerontol. 142:111106. doi: 10.1016/j.exger.2020.111106 

 Pavasini, R., Guralnik, J., Brown, J. C., di Bari, M., Cesari, M., Landi, F., et al. (2016). Short physical performance battery and all-cause mortality: systematic review and meta-analysis. BMC Med. 14:215. doi: 10.1186/s12916-016-0763-7 

 Petermann-Rocha, F., Gray, S. R., Pell, J. P., Celis-Morales, C., and Ho, F. K. (2020). Biomarkers profile of people with sarcopenia: a cross-sectional analysis from UK biobank. J. Am. Med. Dir. Assoc. 21, 2017.e1–2017.e9. doi: 10.1016/j.jamda.2020.05.005 

 Piastra, G., Perasso, L., Lucarini, S., Monacelli, F., Bisio, A., Ferrando, V., et al. (2018). Effects of two types of 9-month adapted physical activity program on muscle mass, muscle strength, and balance in moderate sarcopenic older women. Biomed. Res. Int. 2018:5095673. doi: 10.1155/2018/5095673 

 Ponce, O. J., Spencer-Bonilla, G., Alvarez-Villalobos, N., Serrano, V., Singh-Ospina, N., Rodriguez-Gutierrez, R., et al. (2018). The efficacy and adverse events of testosterone replacement therapy in hypogonadal men: a systematic review and meta-analysis of randomized, placebo-controlled trials. J. Clin. Endocrinol. Metab. doi: 10.1210/jc.2018-00404 [Epub ahead of print]

 Potter, N. J., Tomkinson, G. R., Dufner, T. J., Walch, T. J., Roemmich, J. N., Wilson, P. B., et al. (2021). Effects of exercise training on resting testosterone concentrations in insufficiently active men: a systematic review and meta-analysis. J. Strength Cond. Res. 35, 3521–3528. doi: 10.1519/JSC.0000000000004146 

 Purcell, S. A., Mackenzie, M., Barbosa-Silva, T. G., Dionne, I. J., Ghosh, S., Siervo, M., et al. (2021). Prevalence of sarcopenic obesity using different definitions and the relationship with strength and physical performance in the Canadian longitudinal study of aging. Front. Physiol. 11:583825. doi: 10.3389/fphys.2020.583825 

 Qaseem, A., Horwitch, C. A., Vijan, S., Etxeandia-Ikobaltzeta, I., Kansagara, D., Clinical Guidelines Committee of the American College of Physicians , et al. (2020). Testosterone treatment in adult men with age-related low testosterone: a clinical guideline from the american college of physicians. Ann. Intern. Med. 172, 126–133. doi: 10.7326/M19-0882 

 Ramachandran, S., Hackett, G. I., and Strange, R. C. (2019). Sex hormone binding globulin: a review of its interactions with testosterone and age, and its impact on mortality in men with type 2 diabetes. Sex Med. Rev. 7, 669–678. doi: 10.1016/j.sxmr.2019.06.006 

 Ramirez-Campillo, R., Alvarez, C., Garcìa-Hermoso, A., Celis-Morales, C., Ramirez-Velez, R., Gentil, P., et al. (2018). High-speed resistance training in elderly women: effects of cluster training sets on functional performance and quality of life. Exp. Gerontol. 110, 216–222. doi: 10.1016/j.exger.2018.06.014 

 Ramsey, K. A., Rojer, A. G. M., D’Andrea, L., Otten, R. H. J., Heymans, M. W., Trappenburg, M. C., et al. (2021). The association of objectively measured physical activity and sedentary behavior with skeletal muscle strength and muscle power in older adults: a systematic review and meta-analysis. Ageing Res. Rev. 67:101266. doi: 10.1016/j.arr.2021.101266 

 Reckman, G. A. R., Gomes-Neto, A. W., Vonk, R. J., Ottery, F. D., van der Schans, C. P., Navis, G. J., et al. (2019). Anabolic competence: assessment and integration of the multimodality interventional approach in disease-related malnutrition. Nutrition 65, 179–184. doi: 10.1016/j.nut.2019.03.010 

 Reid, K. F., and Fielding, R. A. (2012). Skeletal muscle power: a critical determinant of physical functioning in older adults. Exerc. Sport Sci. Rev. 40, 4–12. doi: 10.1097/JES.0b013e31823b5f13 

 Rivera-Torres, S., Fahey, T. D., and Rivera, M. A. (2019). Adherence to exercise programs in older adults: informative report. Gerontol. Geriatr. Med. 5:2333721418823604. doi: 10.1177/2333721418823604 

 Rodriguez-Lopez, C., Alcazar, J., Sanchez-Martin, C., Baltasar-Fernandez, I., Ara, I., Csapo, R., et al. (2021). Neuromuscular adaptations after 12 weeks of light- vs. heavy-load power-oriented resistance training in older adults. Scand. J. Med. Sci. Sports 32, 324–337. doi: 10.1111/sms.14073 

 Roy, C. N., Snyder, P. J., Stephens-Shields, A. J., Artz, A. S., Bhasin, S., Cohen, H. J., et al. (2017). Association of testosterone levels with anemia in older men. JAMA Intern. Med. 177, 480–490. doi: 10.1001/jamainternmed.2016.9540 

 Salonia, A., Bettocchi, C., Boeri, L., Capogrosso, P., Carvalho, J., Cilesiz, N. C., et al. (2021). European association of urology guidelines on sexual and reproductive health-2021 update: male sexual dysfunction. Eur. Urol. 80, 333–357. doi: 10.1016/j.eururo.2021.06.007 

 Santiago, E. C. S., Roriz, A. K. C., Ramos, L. B., Ferreira, A. J. F., Oliveira, C. C., and Gomes-Neto, M. (2021). Comparison of calorie and nutrient intake among elderly with and without sarcopenia: a systematic review and meta-analysis. Nutr. Rev. 79, 1338–1352. doi: 10.1093/nutrit/nuaa145 

 Sardar, P., Jha, A., Roy, D., Majumdar, U., Guha, P., Roy, S., et al. (2010). Therapeutic effects of nandrolone and testosterone in adult male HIV patients with AIDS wasting syndrome (AWS): a randomized, double-blind, placebo-controlled trial. HIV Clin. Trial. 11, 220–229. doi: 10.1310/hct1104-220 

 Schaap, L. A., Pluijm, S. M. F., Smit, J. H., van Schoor, N. M., Visser, M., Gooren, L. J. G., et al. (2005). The association of sex hormone levels with poor mobility, low muscle strength and incidence of falls among older men and women. Clin. Endocrinol. 63, 152–160. doi: 10.1111/j.1365-2265.2005.02315.x 

 Schaun, G. Z., Bamman, M. M., and Alberton, C. L. (2021). High-velocity resistance training as a tool to improve functional performance and muscle power in older adults. Exp. Gerontol. 156:111593. doi: 10.1016/j.exger.2021.111593 

 Scuteri, A., Najjar, S. S., Morrell, C. H., and Lakatta, E. G., Cardiovascular Health Study (2005). The metabolic syndrome in older individuals: prevalence and prediction of cardiovascular events: the cardiovascular health study. Diabetes Care 28, 882–887. doi: 10.2337/diacare.28.4.882 

 Senoo, S., Iwasaki, M., Kimura, Y., Kakuta, S., Masaki, C., Wada, T., et al. (2020). Combined effect of poor appetite and low masticatory function on sarcopenia in community-dwelling Japanese adults aged ≥ 75 years: A 3-year cohort study. J. Oral Rehabil. 47, 643–650. doi: 10.1111/joor.12949 

 Seynnes, O., Fiatarone Singh, M. A., Hue, O., Pras, P., Legros, P., and Bernard, P. L. (2004). Physiological and functional responses to low-moderate versus high-intensity progressive resistance training in frail elders. J. Gerontol. A Biol. Sci. Med. Sci. 59, 503–509. doi: 10.1093/gerona/59.5.m503 

 Shafiee, G., Keshtkar, A., Soltani, A., Ahadi, Z., Larijani, B., and Heshmat, R. (2017). Prevalence of sarcopenia in the world: a systematic review and meta- analysis of general population studies. J. Diabetes Metab. Disord. 16:21. doi: 10.1186/s40200-017-0302-x 

 Shin, M. J., Jeon, Y. K., and Kim, I. J. (2018). Testosterone and sarcopenia. World J. Mens Health 36, 192–198. doi: 10.5534/wjmh.180001 

 Sieber, C. C. (2019). Malnutrition and sarcopenia. Aging Clin. Exp. Res. 31, 793–798. doi: 10.1007/s40520-019-01170-1 

 Skinner, J. W., Otzel, D. M., Bowser, A., Nargi, D., Agarwal, S., Peterson, M. D., et al. (2018). Muscular responses to testosterone replacement vary by administration route: a systematic review and meta-analysis. J. Cachexia. Sarcopenia Muscle 9, 465–481. doi: 10.1002/jcsm.12291 

 Snyder, P. J., Bhasin, S., Cunningham, G. R., Matsumoto, A. M., Stephens-Shields, A. J., Cauley, J. A., et al. (2016). Effects of testosterone treatment in older men. N. Engl. J. Med. 374, 611–624. doi: 10.1056/NEJMoa1506119 

 Snyder, P. J., Bhasin, S., Cunningham, G. R., Matsumoto, A. M., Stephens-Shields, A. J., Cauley, J. A., et al. (2018). Lessons from the testosterone trials. Endocr. Rev. 39, 369–386. doi: 10.1210/er.2017-00234 

 Snyder, P. J., Kopperdahl, D. L., Stephens-Shields, A. J., Ellenberg, S. S., Cauley, J. A., Ensrud, K. E., et al. (2017). Effect of testosterone treatment on volumetric bone density and strength in older men with low testosterone. JAMA Intern. Med. 177, 471–479. doi: 10.1001/jamainternmed.2016.9539 

 Soenen, S., Rayner, C. K., Jones, K. L., and Horowitz, M. (2016). The ageing gastrointestinal tract. Curr. Opin. Clin. Nutr. Metab. Care 19, 12–18. doi: 10.1097/MCO.0000000000000238 

 Srinivas-Shankar, U., and Wu, F. C. W. (2006). Drug insight: testosterone preparations. Nat. Clin. Pract. Urol. 3, 653–665. doi: 10.1038/ncpuro0650 

 Stangl, M. K., Böcker, W., Chubanov, V., Ferrari, U., Fischereder, M., Gudermann, T., et al. (2019). Sarcopenia—endocrinological and neurological aspects. Exp. Clin. Endocrinol. Diabetes 6, 8–22. doi: 10.1055/a-0672-1007 

 Stensvold, D., Viken, H., Steinshamn, S. L., Dalen, H., Støylen, A., Loennechen, J. P., et al. (2020). Effect of exercise training for five years on all cause mortality in older adults-the generation 100 study: randomised controlled trial. BMJ 371:m3485. doi: 10.1136/bmj.m3485 

 Storer, T. W., Basaria, S., Traustadottir, T., Harman, S. M., Pencina, K., Li, Z., et al. (2017). Effects of testosterone supplementation for 3 years on muscle performance and physical function in older men. J. Clin. Endocrinol. Metab. 102, 583–593. doi: 10.1210/jc.2016-2771 

 Suemoto, C. K., Ueda, P., Beltrán-Sánchez, H., Lebrão, M. L., Duarte, Y. A., Wong, R., et al. (2017). Development and validation of a 10-year mortality prediction model: meta-analysis of individual participant data from five cohorts of older adults in developed and developing countries. J. Gerontol. A Biol. Sci. Med. Sci. 72, 410–416. doi: 10.1093/gerona/glw166 

 Suetta, C., Haddock, B., Alcazar, J., Noerst, T., Hansen, O. M., Ludvig, H., et al. (2019). The Copenhagen sarcopenia study: lean mass, strength, power, and physical function in a Danish cohort aged 20-93 years. J. Cachexia. Sarcopenia Muscle 10, 1316–1329. doi: 10.1002/jcsm.12477 

 Tieland, M., Trouwborst, I., and Clark, B. C. (2018). Skeletal muscle performance and ageing. J. Cachexia. Sarcopenia Muscle 9, 3–19. doi: 10.1002/jcsm.12238 

 Tsekoura, M., Billis, E., Tsepis, E., Dimitriadis, Z., Matzaroglou, C., Tyllianakis, M., et al. (2018). The effects of group and home-based exercise programs in elderly with sarcopenia: a randomized controlled trial. J. Clin. Med. 7:480. doi: 10.3390/jcm7120480 

 Tseng, S.-H., Lee, W.-J., Peng, L.-N., Lin, M.-H., and Chen, L.-K. (2021). Associations between hemoglobin levels and sarcopenia and its components: results from the I-Lan longitudinal study. Exp. Gerontol. 150:111379. doi: 10.1016/j.exger.2021.111379 

 Valenzuela, P. L., Castillo-García, A., Morales, J. S., Izquierdo, M., Serra-Rexach, J. A., Santos-Lozano, A., et al. (2019). Physical exercise in the oldest old. Compr. Physiol. 9, 1281–1304. doi: 10.1002/cphy.c190002 

 Valenzuela, P. L., Morales, J. S., Castillo-García, A., Mayordomo-Cava, J., García-Hermoso, A., Izquierdo, M., et al. (2020a). Effects of exercise interventions on the functional status of acutely hospitalised older adults: a systematic review and meta-analysis. Ageing Res. Rev. 61:101076. doi: 10.1016/j.arr.2020.101076 

 Valenzuela, P. L., Ortiz-Alonso, J., Bustamante-Ara, N., Vidán, M. T., Rodríguez-Romo, G., Mayordomo-Cava, J., et al. (2020b). Individual responsiveness to physical exercise intervention in acutely hospitalized older adults. J. Clin. Med. 9:797. doi: 10.3390/jcm9030797 

 van Dronkelaar, C., Tieland, M., Aarden, J. J., Reichardt, L. A., van Seben, R., van der Schaaf, M., et al. (2019). Decreased appetite is associated with sarcopenia-related outcomes in acute hospitalized older adults. Nutrients 11:932. doi: 10.3390/nu11040932 

 Varanoske, A. N., Margolis, L. M., and Pasiakos, S. M. (2020). Effects of testosterone on serum concentrations, fat-free mass, and physical performance by population: a meta-analysis. J. Endocr. Soc. 4:bvaa090. doi: 10.1210/jendso/bvaa090 

 Wallis, C. J. D., Lo, K., Lee, Y., Krakowsky, Y., Garbens, A., Satkunasivam, R., et al. (2016). Survival and cardiovascular events in men treated with testosterone replacement therapy: an intention-to-treat observational cohort study. Lancet Diabetes Endocrinol. 4, 498–506. doi: 10.1016/S2213-8587(16)00112-1 

 Walton, R. G., Dungan, C. M., Long, D. E., Tuggle, S. C., Kosmac, K., Peck, B. D., et al. (2019). Metformin blunts muscle hypertrophy in response to progressive resistance exercise training in older adults: a randomized, double-blind, placebo-controlled, multicenter trial: the MASTERS trial. Aging Cell 18:e13039. doi: 10.1111/acel.13039 

 Whelton, S. P., McAuley, P. A., Dardari, Z., Orimoloye, O. A., Michos, E. D., Brawner, C. A., et al. (2021). Fitness and mortality among persons 70 years and older across the spectrum of cardiovascular disease risk factor burden: The FIT project. Mayo Clin. Proc. 96, 2376–2385. doi: 10.1016/j.mayocp.2020.12.039 

 Wittert, G., Bracken, K., Robledo, K. P., Grossmann, M., Yeap, B. B., Handelsman, D. J., et al. (2021). Testosterone treatment to prevent or revert type 2 diabetes in men enrolled in a lifestyle programme (T4DM): a randomised, double-blind, placebo-controlled, 2-year, phase 3b trial. Lancet Diabetes Endocrinol. 9, 32–45. doi: 10.1016/S2213-8587(20)30367-3 

 Wu, P.-Y., Huang, K.-S., Chen, K.-M., Chou, C.-P., and Tu, Y.-K. (2021). Exercise, nutrition, and combined exercise and nutrition in older adults with sarcopenia: a systematic review and network meta-analysis. Maturitas 145, 38–48. doi: 10.1016/j.maturitas.2020.12.009 

 Wu, Y., Wang, W., Liu, T., and Zhang, D. (2017). Association of grip strength with risk of all-cause mortality, cardiovascular diseases, and cancer in community-dwelling populations: a meta-analysis of prospective cohort studies. J. Am. Med. Dir. Assoc. 18, 551.e17–551.e35. doi: 10.1016/j.jamda.2017.03.011 

 Xu, J., Wan, C. S., Ktoris, K., Reijnierse, E. M., and Maier, A. B. (2021). Sarcopenia is associated with mortality in adults: a systematic review and meta-analysis. Gerontology 1–16. doi: 10.1159/000517099 [Epub ahead of print]

 Yoshimura, Y., Wakabayashi, H., Yamada, M., Kim, H., Harada, A., and Arai, H. (2017). Interventions for treating sarcopenia: a systematic review and meta-analysis of randomized controlled studies. J. Am. Med. Dir. Assoc. 18, 553.e1–553.e16. doi: 10.1016/j.jamda.2017.03.019 

 Yusuf, S., Joseph, P., Rangarajan, S., Islam, S., Mente, A., Hystad, P., et al. (2020). Modifiable risk factors, cardiovascular disease, and mortality in 155 722 individuals from 21 high-income, middle-income, and low-income countries (PURE): a prospective cohort study. Lancet 395, 795–808. doi: 10.1016/S0140-6736(19)32008-2 

 Zamir, A., Ben-Zeev, T., and Hoffman, J. R. (2021). Manipulation of dietary intake on changes in circulating testosterone concentrations. Nutrients 13:3375. doi: 10.3390/nu13103375 

 Zhang, X., Zhao, Y., Chen, S., and Shao, H. (2021a). Anti-diabetic drugs and sarcopenia: emerging links, mechanistic insights, and clinical implications. J. Cachexia. Sarcopenia Muscle 12, 1368–1379. doi: 10.1002/jcsm.12838 

 Zhang, Y., Zou, L., Chen, S.-T., Bae, J. H., Kim, D. Y., Liu, X., et al. (2021b). Effects and moderators of exercise on sarcopenic components in sarcopenic elderly: a systematic review and meta-analysis. Front. Med. 8:649748. doi: 10.3389/fmed.2021.649748 

 Zouhal, H., Jayavel, A., Parasuraman, K., Hayes, L. D., Tourny, C., Rhibi, F., et al. (2021). Effects of exercise training on anabolic and catabolic hormones with advanced age: a systematic review. Sports Med. doi: 10.1007/s40279-021-01612-9 [Epub ahead of print]


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.

Copyright © 2022 Falqueto, dos Santos and Manfredi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Anabolic-Androgenic Steroids and Exercise Training: Breaking the Myths and Dealing With Better Outcome in Sarcopenia



		Introduction



		Sarcopenia Definition and Diagnosis



		Does Exercise Prevent or Revert Sarcopenia? Evidence and Limitation of Current Studies



		Anabolic-Androgenic Steroids When Exercise Seems Ineffective: Evidence and Limitations



		A Brief Look at Nutritional and Medication in Sarcopenia



		Uncertainties



		Conclusion



		Author Contributions



		References



















OPS/images/fphys-13-838526-g001.jpg
B e ARCOPENIE TREATAAEL T L

SARCOPENIA TREATMENT

Patient-centered
perspective

ROUTE CONSIDERATION

™ > Transdermal
BENEFIT/RISK =

Hypogonadism - TRT &
Mets - TRT

Progression T20M - TRT &

30-40% 1RM to
70-80% 1RM

STRATEGY {7 Cluster Set

Sarcopenic obesity - TRT -
Osteosarcopenia - TRT & / ND 2
_ Unexplained anemia - TRT & / ND 2





OPS/images/fphys-13-838526-t001.jpg
Clinical Prevalence in the sarcopenic or  AAS effects Comments
condition older adults
Hypogonadism  1.5%-12.5% of older menhave  AAS type: TRT Hypogonadism may be a secondary
primary or secondary hypogonadism - eyeral consensus and meta-analyses demonstrate that TRTfs  Condition of sarcopenia. TRT is a wel-
(Knera et al 2016). effective in improving liido and sexual function in men with established therapy in the management
hypogonadism, of hypogonadism and may benefit
sarcopenic patients with hypogonadism
Exidonco:lriclcansonsus (061 o . 20180 GO0 5.1 pcreass muscemass and pysica
2020; Qaseem et al., 2020; Salonia et al., 2021). function.
MetS ~30% in the older adults (Scuterl  AAS type: TRT TRT may aid in the management of
8L, 2005 K Sl 20216). Iwaist circumference and fat mass; Improvement in glucose safcopaniaand Mets in dlder an who
metabolism; | HbATc; | HOMA-IR; | total cholesterol; and need to reduce abdominal fat and
Evidence: systematic review and meta-analysis (Corona et al., improve glycemic and total cholesterol
2021; Kim et al., 2021b) L
T2DM ~21% of older adults with T2DM are  AAS type: TRT TRT may aid in the management of
sarcopenio (de Freitas et l., 2020, TRT therapy reduces the proportion of patients with TOM2 TDM2 in sarcopenic men aged 50-
associated with lfestyle change when compared to placebo. 74years with pre-TDM2 or newly
diagnosed conditions.
Evidence: 2-year RCT phase lib (1=1,007) (Wittert et al., 2021).
Obesity Prevalence of sarcopenic obesity in ~ AAS type: TRT TRT can attenuate the weight loss—
(sarcopenic the elderly population varies TRT assodiated with festyle change attenuate the weight loss- duced reducton in muscle mass that
obesity) depending on the criteria Used:  inqced reduction in muscle mass when compared to placebo, IS COMMON in obese people under
. energy-restrioted contions.
Men: 0.19-85.3% Evidence: 6-month RCT (n=83) (Barnouin et al., 2021). i
Women: 0%-80.4% (Batsis and
Villreal, 2018; Purcell et al, 2021).
Unexplained  ~7% of the sarcopenic elderly are  AAS type: TRT Unexplained anermia can cause fatigue
Anermia anermic (Bani Hassan et al, 2020: 1 4 levels n older men with unexplained aneria and fow and loss of physical function in older
Tseng et al., 2021). testosterone when compared to placebo. men with low testosterone. TRT
’ . increase Ho levels and may explain the
Bvidence: 1-year RCT (1=788) (Roy et al 2017) improvement in physical function in
AAS type: ND these individuals.
1 Ho levels in osteoporotic older women when compared to ND may be a therapeutic option for
placebo. sarcopenic older women with
Evidence: 2-year RCT (1=65) (Frisoli et al., 2005). unexplained anemia.
Osteoporosis  ~5%-37% of osteoporotio patients  AAS type: ND Osteosarcopeniais considered a clnical

(Osteosarcopenia) are sarcopenic (Kirk et al., 2020).

1 lean body mass,

1 bone mineral density

Ivertebral fractures.

when compared to placebo in osteoporotic older women
Evidence: 2-year RCT (n=65) (Frisoli et al., 2005)

AAS type: TRT

1 bone mineral density in older men when compared to placebo.

Evidence: 1-year RCT (1=211) (Snyder et al., 2017);
2-year RCT (1=601) (Ng Tang Fui et al., 2021).

entity. AAS can increase bone mineral
density while promoting increased
muscle mass and physical function. TRT
may be an option for older men with low
testosterone and ND may be viable for
older women as it is a AAS with poor
androgenic potental,

AAS, anabolic-ancrogenic steroids; Hb, hemoglobin; HbA1c, glycated haemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; MetS, metabolic syndrome;

ND, nandirolone decanoate; RCT, randomized clinical trial; T2DM, type 2 diabetes melitus; and TRT, testosterone replacement therapy.





OPS/images/cover.jpg
? frontiers
in Physiology

Anabolic-Androgenic Steroids and
Exercise Training: Breaking the
Myths and Dealing With Better

Outcome in Sarcopenia









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Physiology





