The Benefits of Essential Amino Acid Supplementation for Muscle Growth in physically active Older Adults.

Abstract
Skeletal muscle plays a vital role in overall health and physical function. Age related conditions like sarcopenia increase the likelihood of reduced mobility, which in time can progress to frailty and early mortality. Currently, resistance training and nutritional strategies are the leading interventions used to improve and prevent these muscle wastage conditions. By the time the human body has entered later adulthood, protein synthesis is likely to have reduced. This is due to the muscles becoming resistant to the anabolic process caused by exercise and EAAs, resulting in muscle protein breakdown. Research has identified that increasing the amount of EAAs in an older adult’s diet along with an adequate amount of resistance training is a successful way for older adults to build muscle volume, strength, and function. Research suggests that EAA supplements are safe with no serious adverse effects known and dosing recommendations are well within safe limits, even for those consuming the required amount of EAAs in their normal diet. With this knowledge it is possible to successfully combine specific exercise with EAA supplements to achieve maximal adaption. This non-pharmacological approach is a positive, affordable, and achievable way to support the older population in achieving the growth or maintenance of skeletal muscle and prolonging a longer and more self-sufficient lifespan.
Introduction
[bookmark: _Hlk157685685][bookmark: _Hlk157602277][bookmark: _Hlk154658988][bookmark: _Hlk155086362][bookmark: _Hlk155090010]The World Health Organisation recommends that older adults engage in 150 minutes of moderate or 75 minutes of vigorous activity with at least 2 days of moderate to intense muscle strengthening activities per week (who, 2020). If this is achieved then the ability to retain skeletal muscle strength, mass and power can be achieved (Fyfe, Hamilton, and Daly, 2022). Avoiding bone and muscle degenerative diseases can help reduce the risk of premature mortality (Fyfe, Hamilton, and Daly, 2022). Sarcopenia is a skeletal muscle degenerative disease strongly associated with aging, and can have very negative effects, leading to weakness, frailty, loss in mobility and independence (Mertz, et al. 2021). Hospitalization rates due to falls and fractures are increased, and mortality rates are 3.6 times higher for these individuals (Cuyul-Vásquez, et al. 2023). To this date, Nutritional intervention as well as resistance exercise, is considered to be the optimal treatment and prevention of further muscle deterioration (Lee, Lee and Lim, 2022). Essential amino acid (EAA) supplementation has been shown to maximise results gained from resistance training by positively affecting muscle anabolism (Cuyul-Vásquez, et al. 2023). The increase in amino acids, particularly leucine, stimulates protein synthesis in the muscles resulting in greater muscle gains and strength (Cuyul-Vásquez, et al. 2023). Older people tend to consume less protein than the recommended amount needed (Fyfe, Hamilton, and Daly, 2022). Many being unaware that their protein requirements are greater than that of a younger individual (Damanti, et al. 2019). So positive changes to diet are particularly important for this age bracket and EAA supplementation can be and easier way of ensuring these requirements are met (Lin, Shih, Chen, and Yeh, 2021). Whey protein is a high quality and easily digestible protein supplement, that contains a high amount of the desired essential amino acids required for muscle protein synthesis and may be a convenient resource (Lin, Shih, Chen, and Yeh, 2021).
Protein Requirements for Older Adults
[bookmark: _Hlk155697547][bookmark: _Hlk155617646]It is estimated that by the year 2050, 20% of the population in Europe will be 60 years or older (Kehoe, Walton, and Flynn. 2019). This signifies an importance in society to maintain health into older life more than ever before and good nutrition, along with physical activity is a key factor in this being possible (Kehoe, Walton, and Flynn, 2019). Unfortunately, the older population tend to have more nutritional challenges, which can be due to lack of up-to-date knowledge, not having access to healthy foods or being unable to prepare healthy meals for themselves (Lin, et al. 2017). A decreased appetite and changes in sensory perception can also lead to older people not reaching nutritional needs (Kehoe, Walton, and Flynn, 2019). Disability and lack of physical activity can result in obesity, increasing the risk of further health conditions and diseases, and so correct nutrition can be vital in helping to maintain good health (Kehoe, Walton, and Flynn, 2019). Recent evidence suggests that older adults require more protein in their diet than younger people, due to age related changes (Bauer, et al. 2013). Changes in metabolism, hormones, immunity, and a decline in anabolic response to protein all need to be taken into account when considering nutritional guidance (Bauer, et al. 2013). Older adults are also at a greater risk of suffering inflammatory and catabolic conditions that would benefit from a higher protein intake (Bauer, et al. 2013). Lean body mass can also be better maintained with higher protein intake, resulting in a stronger body composition. This is particularly important for the older population who are at a greater risk of frailty (Mertz, et al. 2021). 
Exercise, Skeletal muscle, and ageing
As people age there is a decrease in muscle volume (McArdle, Vasilaki and Jackson, 2002). This is due to a decrease in muscle fibres and the atrophy of these remaining fibres (McArdle, Vasilaki and Jackson, 2002). Unfortunately, this appears to be irreversible once muscle fibres have diminished (McArdle, Vasilaki and Jackson, 2002). This change in muscle size is also due to the alteration of singling pathways and a decrease in mitochondrial capacity and the increase in in oxidative stress (Distefano and Goodpaster, 2018). Muscle strength is reduced at approximately 2%-4% per year after 50-60 years of age (Distefano and Goodpaster, 2018).
[bookmark: _Hlk157686700][bookmark: _Hlk157176751] During exercise the muscles are particularly vulnerable to damage, and this is notably more apparent when the muscles lengthen whiles activated, leaving the muscle especially vulnerable to damage (McArdle, Vasilaki and Jackson, 2002). If episodes of exercise are prolonged or unaccustomed to this kind of contraction, the risk of injury is further increased (McArdle, Vasilaki and Jackson, 2002). This is due to the remaining muscle fibres being weaker because of ageing, increasing the risk of damage through contraction (McArdle, Vasilaki and Jackson, 2002). Older people have a reduced rate of muscle protein synthesis; However, resistance exercise is known to increase protein synthesis at a relatively equal level in both young and older people (Distefano and Goodpaster, 2018). Exercise training in older people also increases neural and vascular function (Distefano and Goodpaster, 2018).
[bookmark: _Hlk157418042]Age related muscle loss and strength cannot be completely prevented through engagement with any one activity, but combinations of physical activity and resistance exercise training can significantly decrease and prevent muscle decline (Distefano and Goodpaster, 2018). Understanding the specific responses to individuals of the ageing population is key for a future of healthy ageing (Distefano and Goodpaster, 2018).

Essential Amino Acids and muscle protein synthesis
[bookmark: _Hlk157597397]Muscle mass and function increases due to the continuous damage and repairing process of muscle protein (Ferrando, et al. 2023). Generally, muscle protein breakdown and muscle protein synthesis happen at equal levels throughout the day which effectively replaces damaged fibres with new ones, but if the diet is sufficient in essential amino acids, then muscle protein synthesis is stimulated (Ferrando, et al. 2023). This is best if supplied during the post absorptive state and if muscle protein synthesis is greater than muscle protein breakdown; muscle strength and volume and physical function will increase over time (Ferrando, et al. 2023).
[bookmark: _Hlk157696254][bookmark: _Hlk157433050] As people age the muscles become resistant to the anabolic process caused by exercise and protein and the constate state of remodelling due to protein synthesis can be reduced (Barclay, et al.  2019). Net protein balance can reduce because of poor metabolic quality and muscle loss (Barclay, et al.  2019). Although changes in muscle protein breakdown are relatively small in normal ageing; An increased sedentary lifestyle and reduction in EAA consumption can increase these risks significantly (Barclay, et al.  2019). Research suggests that an adequate amount of physical exercise and supply of EAAs is needed to prevent this from occurring (Barclay, et al.  2019).
Essential Amino Acids and Exercise
[bookmark: _Hlk157599974] The influence of EAAs and the effects of exercise are interactive with each other, meaning that when EAAs and exercise are combined, muscle protein synthesis and net muscle protein balance is greater, and research indicates that this is more evident when the EAAs are taken prior to exercise (Ferrando, et al. 2023). This is due to the muscle blood flow being stimulated in conjunction with the delivery of amino acids, causing an improvement in skeletal muscle metabolic response (Ferrando, et al. 2023). The response to EAAs in older people is similar to younger people providing there is an adequate amount of EAAs available (Walker, et al. 2011). This suggests that with the correct dosing of EAAs in conjunction with suitable exercise training, positive results can be obtained for health older adults as well as those suffering from muscle wastage conditions such as sarcopenia (Walker, et al. 2011).
Safety and dosing
To this date there are no indications to suggest that there would be any adverse effects from the consumption of EAAs, nevertheless, EAA supplements would not be advisable for anyone with conditions that require a diet containing a reduced amount of protein (Ferrando, et al. 2023). Errors in the ability to metabolise certain EAAs could cause supplements to be problematic, however, a condition such as this would be evident in early life and dietary interventions would have been put into place as a necessity to health in early years (Ferrando, et al. 2023).
[bookmark: _Hlk157425336][bookmark: _Hlk157586637][bookmark: _Hlk157773981][bookmark: _Hlk157772923]Research indicates that for an adult consuming the average 40 grams of EAAs through normal diet; A 100g dosage of EAAs would be safe and when considering the average dose for an EEA supplement is 15g, this is way within a safe limit (Ferrando, et al. 2023). For older adults a daily intake greater than the general recommendation of 0.8g per kg of body weight is advised and a study by, Mitchell (2017), demonstrated that an increase of twice the recommended allowance was needed for a significant increase in muscle volume. The participants in this study that increased their dose from 0.8g to 1.1g continued to see declines in muscle tissue, yet the group that doubled their intake to 1.6g per day saw a significant increase in muscle (Mitchell, et al. 2017). This higher dose is likely needed for older adults due to anabolic resistance (Mitchell, et al. 2017). Another independent study, on two groups of elderly adults that were receiving bed rest due to hepatisation was conducted. During this study one group was given a placebo and the other 15g of EAA 3 times per day throughout 10 days. This study also concluded that, for the older adult a normal intake of 0.6g - 1.0g of EAAs may not be adequate and for this population a greater intake of 1.5g is more likely to see improvements in muscle synthesis (Ferrando, et al. 2010). This study also expressed a favour of supplements such as high-quality whey and casein products (Ferrando, et al. 2010). When considering the outcome from these studies, it seems that an increase to double the recommended amount for younger adults is a more reasonable intake for gaining optimal results for older adults (Ferrando, et al. 2010). 
Position Statement
· Older adults should engage in regular physical activity and resistance training to maintain muscle mass, strength, and function. This will improve mobility and independence, resulting in positive effects on quality of life, (Fyfe, Hamilton, and Daly, 2022).
·  To this date, Nutritional intervention as well as resistance exercise, is considered to be the optimal treatment and prevention of muscle deterioration (Lee, Lee and Lim, 2022)
· There is an interactive response between the effects of EAAs and exercise induced blood flow, which increases the transport of EAAs into the muscle (Ferrando, et al. 2023). A combination of physical activity, resistance training and nutritional strategies, should be put into place to ensure the best results for building and maintaining muscle are obtained.
· If muscle degenerative conditions such as sarcopenia are present, care must be taken during exercise. Skeletal muscle can be vulnerable to damage and is notably susceptible to this when the muscle lengthens during contraction (McArdle, Vasilaki and Jackson, 2002). 
· Older people who are not getting the required amount of EAAs in the diet should be increasing the amount by up to 1.6g per kg of body weight as this will stimulate protein synthesis and significantly reduce the risk of muscle deterioration (Mitchell, et al. 2017).  
· Whey protein isolate would be a good protein supplement for older adults as it is a convenient, high quality, palatable and easily digestible source of EAAs (Lin, Shih, Chen, and Yeh, 2021).
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