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Effects of creatine supplementation on muscle strength and body composition in older women – A systematic review of randomised control trials

Introduction	
Age-related loss of strength and muscle mass usually starts gradually between the ages of 30 and 50 and worsens at a rate of around 10% every ten years (Devries and Phillips, 2014). It is one of the main causes of disability, frailty, decreased quality of life and premature mortality in the older adult, due to the increased risk of falls, injury, and immobility (Volpi, Nazemi and Fujita, 2004). Although influenced by age there is debate as to whether women are affected at a younger age than men (Kirchengast and Huber, 2009; dos Santos et al., 2021), and investigations show it is more prevalent within the female population (Shafiee et al., 2017). Interventions have been previously studied, and resistance training (RT) has been shown to be highly effective in delaying the loss of strength and lean body mass (LBM) in all stages (Talar et al., 2021). There is now expanding research that shows combining RT with creatine monohydrate (CM) results in increased growth of muscle mass in older adults, compared to RT alone (Candow, Chilibeck and Forbes, 2014; Devries and Phillips, 2014; Gualano et al., 2014; Chilibeck et al., 2017; Stares and Bains, 2020; Roschel et al., 2021; Delpino et al., 2022).
Creatine is an amino acid involved in producing adenosine triphosphate (ATP) for the contraction of skeletal muscle (Brosnan and Brosnan, 2007, 2016). It is stored in skeletal muscles and can be replenished via dietary sources such as red meat and fish (Brosnan and Brosnan, 2007, 2016). Creatine monohydrate is one of the most used and most extensively researched supplements consumed within gym and athletic environments (Burke et al., 2000; Kreider et al., 2017). It is an anabolic substrate which when consumed regularly has been shown to increase muscle mass and strength when combined with resistance training (Chilibeck et al., 2017). Research on the effects of creatine supplementation in women is still in its infancy (Smith-Ryan et al., 2021). To date, it has shown that the homeostasis of creatine differs between sexes, with women having 70-80% lower endogenous stores than men (Smith-Ryan et al., 2021). With women also having been reported to consume less dietary creatine, it could mean that they would benefit from a higher supplement dose than men (Smith-Ryan et al., 2021). 
Studies have investigated the effects and benefits of consuming creatine combined with resistance training on older adults, however recent analyses and reviews focusing on female studies are limited (dos Santos et al., 2021). A systematic review of the most contemporary trials would be beneficial in summarising the effects creatine has on upper and lower body strength in older females. More research on creatine in this population could result in further recommendations based on evidence of effectiveness, to help with frailty, fall prevention, and loss of lean body mass. It may then influence National Institute for Health and Care Excellence (NICE) interventions and government policies, which currently do not recognise creatine as an additional intervention on conditions such as frailty and sarcopenia (National Institute for Health and Care Excellence, 2015; Stubbs, Brefka and Denkinger, 2015; Public Health England, 2017; Grossman et al., 2018; DIPIETRO et al., 2019; Sherrington et al., 2019). 
Aim and objectives 
The aim of this systematic review is to critically appraise, synthesise and summarise current evidence of the effects of creatine supplementation combined with resistance training on measures of muscle strength, body composition, frailty, and fall risk in older females. The specific objectives are to: (1) to determine the breadth and quality of the available experimental and/or quasi-experimental evidence; (2) synthesise and summarise the evidence and investigate the existence of a dose-response effect of both creatine and resistance training, including any evidence of an interaction; (3) provide evidence-based recommendations for practice and future research. This will be achieved by evaluating creatine dosage, RT protocols, and measurement of body composition and strength.
Findings of this review may influence interventions to treat and prevent frailty within this population. 

Proposed methodology
PICO 
The population will be women who aged 50+ years, as this is the age muscle mass and strength begin to noticeably decline. The intervention will be creatine monohydrate supplementation as this is the more commonly researched form of creatine, combined with resistance training. The control or comparator will be a placebo group following randomisation. Double blind studies will be preferred due to minimising bias, these will be prioritised in the initial search. The outcomes that will be assessed are measurements of muscular strength and muscle mass, and any adverse events such as injuries, and side effects. 
Search Strategy
This review will be carried out following the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) guidelines (Page et al., 2021). A preliminary search will be carried out on The University of Wales Trinity Saint David (UWTSD) library, PubMed, SportDiscus, Journal of the International Society of Sports Nutrition via Taylor and Francis, and The Cochrane Library. The search will be based on The Medical Subject Heading (MeSH) terms such as: Resistance Training, Creatine, Older Adults, Older Females, Sarcopenia, Frailty, Upper and Lower Muscle Strength, Randomised Control Trials.
Inclusion Criteria
Women inclusive of any health conditions, ethnicity, or training status. Mixed sex studies extracting only the female data will be used due to lesser number of studies on exclusively women. There will be no exclusion on the date of the trials, due to the already restrictive population and intervention. Studies using only creatine monohydrate will be included in the initial search due to having the most research and being the more popular supplement of choice, inclusive of any dosage. They must have a placebo control group to efficiently assess the effects of the supplement. The studies will not be limited to any specific language. Strength measurements using one-repetition maximum, three-repetition maximum, repetitions to failure, and maximal weight lifted will be included, only including studies using compound movements as these assess a large percentage of muscle mass. There will be no exclusion based on frequency or volume within the resistance training protocol. Body composition data will only be used if measured by a dual-energy x-ray absorptiometry (DEXA) scan, bioelectrical impedance scale, CT, or MRI scan as an initial search. 
Exclusion Criteria
Studies will be excluded if resistance training intervention duration is less than 1 week, as this is not sufficient for any measurable outcomes. Studies that are not administered on human subjects will be excluded due to generalisability. Studies in which measure body composition exclusively via skinfolds will also be excluded due to inaccuracy, and a poor measure of the outcomes desired within this study. 
Data Extraction
Data to be extracted will include each studies sample sizes, intervention (type, duration, frequency, and volume), control (randomisation and placebo type), strength and body composition assessments, and specific results. The quality of the resistance training interventions will be considered in accordance with the CERT guidelines (Slade et al., 2016). Microsoft Excel will be used for the initial data extraction. Dependent upon the results of the review, SPSS and/or RevMan and other data analysis software may be used. For example, heterogeneity in the study may be evaluated using I-squared statistics, due to variations of age, number of repetitions, training status and total dose of creatine monohydrate. P values will be set at <0.05. 

Research Timetable 
	4th October 2022 – 9th October 2022
	· Choose a topic of interest 
· Carry out research
· Develop research question
· Gather relevant studies
· Discuss with supervisor

	10th October 2022 – 16th October 2022
	· Write draft introduction/background 

	17th October 2022 – 23rd October 2022
	· Write draft aims and objectives, method
· Plan timetable for main review  

	24th October 2022 – 28th October 2022
	· Send draft proposal to supervisor for review
· Make any final tweaks 
· Submit proposal

	31st October 2022 – 13th November 2022
	· Gather all RCT studies that assess the effects of creatine on older women
· Prepare table of characteristics of included studies

	14th November 2022 – 1st January 2023
	· Write draft literature review introduction
· Write methodology
· Complete the table of characteristics of included studies
· Send and discuss with supervisor 
· Make any adjustments

	2nd January 2023 – 29th January 2023
	· Critically evaluate the data 
· Write results 

	30th January 2023 – 19th February 2023
	· Write discussion 
· Send to supervisor
· Make any adjustments 

	20th February 2023 – 26th March 2023
	· Write conclusion 
· Send and discuss with supervisor 

	27th March 2023 – 28th April 2023
	· Make final adjustments 
· Discuss with supervisor 
· Submit Dissertation 
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