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Abstract 
There have been suggestions that the implication of resistance training can have the potential to improve physiological factors to slow down the progression of sarcopenia. The main aim of this systematic review is to evaluate the effectiveness of a resistance training intervention on lean muscle mass, body fat and muscle strength. Five electronic library databases were searched, and quality of the studies were assessed. All but three of the studies involved changes in muscle mass with a 100% rate of improvement. Three of the eight studies included a supplementation intervention during their trial. The findings of this review suggest that resistance training can have a positive impact on sarcopenia sufferers by increasing lean muscle mass, fat mass and also improving overall strength the in participants. Further research is required to monitor the effects of resistance training and supplementation and its effect on sarcopenia sufferers.
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As we get older it is common to experience the decrease of bone mass, muscle mass and cognitive function which ultimately leads to the decline of functionality (Tournadre, Et al 2019). The physiological changes that occur during aging the process determines the reduction in muscle force, this is down to the increase in the catabolic process which uses energy to break down and a decrease in the anabolic process which construct molecules from smaller units (Musumeci. 2017). This unbalances the regeneration process of muscle protein and tissue which can ultimately result in muscle cell death (Musumeci. 2017).
 From the age of 30 years old skeletal muscle mass declines at a rate of 0.1% - 0.5% a year which starts to accelerate at the age of 65 (Liguori, Et al 2018).
Referred to as an age-related illness, sarcopenia is a progressive disorder that involves the loss of muscle mass and strength which is associated with outcomes such as fall, a decrease in mobility and mortality (Cruz-Jentoft and Sayer, 2019). Sarcopenia is also associated with osteoarthritis, osteosarcopenia and sarcopenic obesity which are referred to as age related health condition’s which can affect the quality of life of the sufferer (Candow, Et al 2021). The need for strategies to treat sarcopenia has been raised since the World Health Organisation’ s International Statistical Classification of Diseases and Related Health Problems officially recognised it as a disease in 2016 (Beckwée, Et al 2019).
For that reason, maintaining levels of muscle strength and the prevention of sarcopenia is essential in enabling frail older adults successfully
perform exercise and physical activity, as low levels of muscle mass is associated with poor health and can lead to physical difficulties (Liao, Et al 2019). Identified as a promising practice for increasing muscle strength and muscle mass in older people, resistance training can enhance the rate of muscle synthesis in frail older people (Giallauria, et al 2015). Clark, et al (2016) have suggested that exercise can be used as a treatment for sarcopenia. This is due to the effects that are exerted onto the nervous and muscular systemdue to exercise and they  are responsible for positive physiological changes and functional adaptions which can be identified as muscle strength and increases in muscle mass (Clark, et al 2016). There was evidence produced by Papa, et al (2017) that suggest resistance training can reduce the effects of age-related degradation of functional mobility by making improvements in gait speed, co-ordination and balance which can in turn reduce the risks of falls.
The deterioration of the factors of life can occur and become noticeable at around 40 - 50 years of age but with a resistance program developed around low loads and high repetitions, this is said be an effective and highly tolerable way to increase maximal strength, gait performance and balance in over 55-year-olds (Nicholson et al 2015). 
Body weight exercise programs that can be performed with relative ease aswell as being easily accessible, may be preferred by older adults as opposed to programs that require the use of heavy gym equipment (Vikberg,Et al 2019). 
Cruz-Jentoft, Et al (2010) displays three different stages of Sarcopenia which reflect the severity of the condition by placing the sufferers into one of three categories.



· The pre sarcopenia stage is identified as low levels of muscle mass but there is no decrease in muscle strength or physical performance 
· Sarcopenia is the second stage which contains low levels of muscle mass with the loss of muscle strength or physical performance. 
· The final stage is severe sarcopenia, which is all three debilitating factors are identified.

Recognising the severity and which stage the person is in can help with selecting the best course of treatment and recovery goals for the individual (Cruz-Jentoft, Et al 2010). Along with resistance training the intervention of creatine supplementation can also be a factor in 
reducing the severity of sarcopenia by becoming a dietary action to fight age related muscle atrophy and accelerate adenosine triphosphate synthesis which can help increase the benefits of exercise training (Dolan, et al 2019).

The primary aim of this systematic review was to evaluate resistance exercise interventions and their effectiveness on the reducing the severity of sarcopenia in older adults. The secondary role of the systematic review was to evaluate the quality of current studies and the impact of the quality of study on the interpretation of the results

Methods 
Identification of studies
A systematic search of studies that have used resistance training as an intervention to reduce the effects of sarcopenia in older adults were sourced from electronic library databases such as:- UWTSD online library, Pub med, Google scholar, Proquest and SPORTDiscus . There was no year restriction placed on the search.  The searches used to find the studies required combinations of the following “sarcopenia”, “older adults”, “resistance training”, “muscle mass”, “muscle strength”, “exercise”. The search results were reported in accordance with the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) statement.
Searching the databases for the required articles in which they were included and excluded based on their abstract or title was the first stage of gathering studies, The second stage involved a review of full text articles and an assessment of their relevance. The reference lists of the full text articles were checked for any additional articles that may have been over looked and reached the inclusion criteria that would place them into the final stage.



Inclusion criteria
The inclusion criteria for this study were assessed and as follows: (a) participants were sarcopenia sufferers (b) aged over 60 years old (c) studies include at least one intervention of resistance training (Supplementation, home exercises, combined interventions) (d) Published in English (e) comparison to control group (f) outcomes include body composition i.e muscle mass, fat mass, muscle strength (g) a presentation of extractable data

Exclusion criteria
The exclusion criteria for this study were assessed and are as follows: (a) articles did not include full text description of the study (b) not in English (c) the study presented no extractable data (d) no comparison to a controlled group or at least one intervention group (e) participants didn’t have any other debilitating health conditions.

Summary of studies
After a review of abstracts to determine if the articles had met the inclusion criteria or not, they were evaluated and included in the flow chart below which shows the procedure of selecting the ideal articles for the final study. These are then included in the systematic review, all met the inclusion criteria with a minimum exercise intervention of 8 weeks and a maximum of 6 months with at least one other intervention and comparison to a control group. All intervention contained people with sarcopenia and documented any statistical changes in muscle mass and muscle strength.







Figure 1 : Flow of studies through the review process

Identification
1,235 Potentially relevant articles identified using database search
257 Google scholar
241 SportsDISCUS
279 Pub Med
301 Pro Quest
157 UWTSD Online library

Included
1,199 Excluded based on titles and review of abstract
Excluded: -
968 Duplicates
176 Other health conditions
5 Not Published in English
50 No extractable data 
Eligibility
Screening
26 Excluded based on full text review
(n=10)


36 Full articles examined
8 Studies in 10 articles included in review

	Study
	Sample
	DesignTable 1: Summary of study characteristics and results.


	Intervention Programmes
	Results

	del Campo Cervantes et al.
(2019)
	19 Older adults (Age: - 77.7 ± 8.9 years old)
	Blinded longitudinal intervention study
	12-week resistance program with   the scheme to complete two to three sets with eight to 15 repetitions per exercise.
	19 older adults between 77.7 ± 8.9 years old, completed the 12-week resistance exercise program achieving a significant increase in muscle strength


	Hassan, et al (2016)

	N= 42 (Age: 85.9 ± 7.5 years, Time in care: 707.1 ± 707.5 days, N = 21 per group)

	A controlled trial 
Lower- and upper-body, and the trunk exercises included: elbow and shoulder extension, leg press, knee extension and flexion, hip abduction and adduction, abdominal curl and back extension

	Resistance and balance exercise program twice weekly for six months
Lower- and upper-body, and the trunk exercises included: elbow and shoulder extension, leg press, knee extension and flexion, hip abduction and adduction, abdominal curl and back extension

	The exercise group experienced a significant increase in grip strength when compared to controls (p = .02), and a within-group decrease in body mass index and increase in grip strength (p ≤ .007).


	Vikberg, et al
(2019)

	70-year-olds, N= 36 in a strength program, N= 34 into a controlled group
	The present investigation is a randomized, controlled, parallel-group, 2-arm trial with 1:1 allocation ratio

	Participants in the control group were asked to go about their normal lives and were scheduled for a second assessment 10 weeks later. Persons in the intervention group were assigned to participate in a 10-week instructor-led progressive resistance training program consisting of 3 sessions 45 minutes each per week with groups of ≤12 participants.

	Lean body mass increased by a mean of 1147 ± 282 g (P < .001), and total fat mass decreased by a mean of 553 ± 225 g (P = .003), favouring the intervention group.


	Lichtenberg et al (2019)
	Forty-three community-dwelling men aged ≥72 years

	High intensity – resistance training group (HI-RT) or an inactive control group (CG).

	Single set training on resistance machines, two sessions a week for 28 weeks.
Both received dietary protein up to 1.5 g/kg/day in HI-RT and 1.2 g/kg/day in CG)

	Significant improvements of skeletal muscle mass in the high intensity – resistance training group (p<0.001)
and a significant worsening in the control group (p=0.012)


	Chen, et al (2017)
	Total N = 60
Control n= 15
Resistance n= 15
Aerobic n= 15
Combination n= 15
	Randomized controlled trial.
	Participants were randomly assigned resistance training, aerobic training and a combination of both and a control group. They then began training twice a week for 8 weeks, the participants in each group stopped training for 4 weeks before being examined for the retention effects of the training interventions.
	The skeletal muscle mass, body fat mass, and visceral fat area of the Resistance training, aerobic training, and combined training groups were significantly improved when compared to the control group at both week 8 and week 12.

	Yamada, et al (2019)
	4 groups total n = 112
Exercise and nutrition n =28
Exercise n= 28
Nutrition n = 28 Control n=28.

	Four-arm randomized controlled trial
	Participants in the combined group and exercise alone groups took part in a bodyweight resistance exercise program for 12 weeks. Protein and vitamin D supplements were provided every day for 12 weeks for the participants in the combined group and nutritional supplementation alone groups.
	Participants in the combined group had a significantly greater improvement than those in the other groups (P < 0.05). The combined program increased appendicular muscle mass in sarcopenic older adults (P < 0.05), but not in older adults with low physical function with normal muscle mass.

	Zhu, et al (2019)

	113 community older Chinese adults aged ≥65 that suffer with sarcopenia
	prospective parallel group, single-blind randomized controlled trial


	The exercise regime consisted of 90 minutes of group training twice a week and one home session a week for 12 weeks. Participants in the combined group were asked to consume a nutrition supplement which contained 8.61 g protein, 1.21 g β-hydroxy β-methylbutyrate, 130 IU vitamin D and 0.29 g omega-3 fatty acid
 twice daily for 12 weeks. Both groups were then encouraged to continue home exercising for 12 weeks after the intervention to detect a sustained effect.

	There was no difference in gait speed at 12 and 24 weeks between the groups but significant improvement occurred in leg extension and the five-chair stand test in both intervention groups over the 12 and 24 weeks. Lower limb muscle and appendicular skeletal muscle significantly increased in the combined group, but the increase was not sustained to 24 weeks.

	Bellomo, et al (2013)
	Forty male volunteers diagnosed with sarcopenia (70.9±5.2yrs) were enrolled in this study
	A randomized, controlled trial, with blind assessment
	High intensity focused vibrational with an intensity of 300Hz and resistance training intensity: 60-80% of maximum theoretical force, 10-12 repetitions for 3 sets stimuli on muscle strength and balance. The training was performed for 12 weeks in all groups: 2 sessions a week.
	All the training regimens increased isometric strength. Both the sensorimotor and the vibrational training increased stability. All the training programs implemented in the present investigation increase muscle strength











Results 
There were a total of 1,235 articles identified throughout the searches of the databases. When these articles were organised and analysed to ensure they were relevant and useful to the systematic review there were 1,199 discarded as they didn’t meet the criteria needed to progress. When the search process had been completed, there was 8 studies that met the inclusion criteria and were included in the review.
The participants that took place in the studies were all above the age the age of 65, with Bellomo, et al (2013), Lichtenberg et al (2019), Vikberg, et al (2019), Hassan, et al (2016), del Campo Cervantes, (2019) including participants over the age of 70 years old. The durations of the interventions ranged over 8 – 28 weeks with the exception of Hassan, et al (2016) who developed an intervention over a six-month period. 
Muscle mass
The measurement of muscle mass was taken in 6 of the 8 studied this was then reviewed, with all of them showing significant improvements in muscle mass after just 8 weeks on resistance training Chen, et al (2017). Where Yamada, et al (2019) found that muscle mass didn’t improve in low physical functioning adults with normal levels of muscle mass.

Muscle strength
Muscle strength was only assessed by 50% of the articles and all showed an improvement after resistance training. Bellomo, et al (2013) was the only article that introduced vibrational training to help reduce the effects of sarcopenia which also showed to make significant improvements on muscle strength.

Body Fat
Two of the articles included in the study featured the analyse of body fat Vikberg, et a (2019) & Chen, et al (2017) both recorded that there was a significant reduction in body fat mass after the intervention, which could have a positive effect on mobility and physical function.



Supplementation
The inclusion of supplementation was present in three of the articles that were assessed. The supplements included in the studies were a protein and vitamin D supplement by Yamada, et al (2019), a dietary protein supplement given to the intervention and control group by (Lichtenberg et al 2019). These both recorded that the resistance training and the use of supplementation can increase muscle mass and muscle strength to combat sarcopenia.

Aerobic training 
Chen, et al (2017) was the only paper included that suggested the intervention of aerobic training as a way to help improve aerobic capacity, which can improve cardiovascular fitness and as a result helps with the muscle protein synthesis (Yoo, Et al 2018). 

Discussion 
Effectiveness of intervention programmes
The primary aim of this systematic review was to evaluate resistance exercise programmes and their effectiveness against the debilitating factors that are associated with the causes of sarcopenia in sufferers over the age of 65 years old. The majority of the studies that were assessed contained a resistance training intervention with the occasional supplementations that could be used to aid the resynthesis of muscle protein and fibres in a hope to maintain muscle mass and muscle strength. 
As shown in the results section the intervention of a resistance exercise programme is a successful way to help sarcopenia sufferers and slow the progression of the disease. But the effects of the training may not be as effective if the participant is in the pre sarcopenia stage  Cruz-Jentoft, Et al (2010) which displayed results that a resistance exercise intervention does not make a significant improvement on muscle mass if the person is at the stage of pre sarcopenia that has normal levels of muscle mass but sufferers from low physical function levels Yamada, et al (2019).
Lichtenberg et al (2019), Zhu, et al (2019) and Yamada, et al (2019) added protein and vitamin supplementation to their studies. The application of supplements has shown to give benefits and become used as a treatment against muscle wasting by improving muscle mass, increase mitochondrial energy metabolism which can delay the effects of fatigue (Sakkas, Et al 2009). There have also been studies by Antonio, Et al (2021) that suggests that supplementation is ineffective if it isn’t accompanied with a resistance training program and it is unlikely that the outcome of supplementation alone will result in a substantial amount of muscle mass and functional performance gains.
Practical implications
Future studies should take into consideration the different stages of sarcopenia, which could lead to further studies on how to treat sarcopenia at different stages. This is because the intervention of resistance training doesn’t always lead to improvements in muscle mass, which is a factor taken into consideration in diagnosing sarcopenia in patients Yamada, et al (2019). 
Limitations and strengths
There is a conflict of studies due to the inconsistencies of a variety of things. These are the intervention length, the exercises that are being performed, the duration and number of sessions that are completed in a week along with the addition of supplementation. The number of different variables may have differing effects on performance and alter the validity of the data produced.
The resistance programmes that were completed were ranged from 8- 28 weeks, which is enough time to develop muscular adaption. Programmes that last a shorter period of time may not record an increase to muscle mass as in the earlier stages of exercises the majority of adaptions that occur during this time are neurological changes created by the motor unit recruitment.






Conclusion
The available evidence that has been assessed suggest that the intervention of resistance training can have a positive influence on supressing the effects of sarcopenia in as little as 8-weeks by completing 2 resistance exercise sessions a week by increasing lean muscle mass and decreasing fat mass. The addition of protein and other supplementation has also shown to increase skeletal muscle mass.
Further research is required to establish the most effective interventions that benefit at pre sarcopenia intervention stages, as there were no changes to muscle mass when there was low physical function, but muscle mass levels were at a normal level.
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