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1. Introduction	
Age-related loss of strength and muscle mass, otherwise known as sarcopenia, 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 a geriatric syndrome characterised by progressive loss of skeletal muscle mass and strength and is directly linked to a poorer quality of life (III et al., 2000; Santilli et al., 2014; Hwang and Park, 2022). 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). Falls are fall-related injuries are one of the most common and serious geriatric causes of disability and death (NICE, 2013; Gale, Cooper and Aihie Sayer, 2016; Public Health England, 2017; Dipietro et al., 2019; Salari et al., 2022). Rates of falling get worse as age increases, with 30% of people over 65 and 50% of people over 80 fall at least once a year (NICE, 2013). Not only does it cause pain, distress, and often loss of independence, but it also has a knock-on effect on family members and healthcare providers, with an estimated cost of over £2.3 billion per year to the NHS (NICE, 2013). Although falls, frailty and conditions such as sarcopenia are influenced by age, there is debate as to whether women are affected at a younger age than men (Kirchengast and Huber, 2009; Gale, Cooper and Aihie Sayer, 2016; dos Santos et al., 2021; Salari et al., 2022), and investigations show it is more prevalent within the female population (Phillips, 2015; Gale, Cooper and Aihie Sayer, 2016; 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 of aging, as well as improving physical function (Talar et al., 2021). However, there is now expanding research that shows combining RT with creatine (Cr), specifically creatine monohydrate (CrM) results in enhanced growth of muscle mass and LBM 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; dos Santos et al., 2021; Roschel et al., 2021; Delpino et al., 2022). 
In the human body, creatine is predominantly stored in the 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 compromising 3 amino acids (methionine, glycine, and arginine) that are involved in producing adenosine triphosphate (ATP) for the contraction of skeletal muscle (Brosnan and Brosnan, 2007, 2016). Once creatine enters the muscle it combines with phosphate to create phosphorylcreatine (PCr), which acts as an energy buffer preventing ATP depletion which may improve exercise capacity allowing to train with higher volumes (Wyss and Kaddurah-Daouk, 2000). When consumed regularly, Cr has been shown to increase muscle mass and strength when combined with resistance training (Chilibeck et al., 2017), and it increases cellular hydration via osmosis which can stimulate muscle protein synthesis (MPS) in the muscles (Waldegger et al., 1997; Safdar et al., 2008).
Investigations have been carried out on the effects and benefits of consuming creatine combined with resistance training on older adults, however, research on the effects of creatine supplementation in older 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 up to 80% lower endogenous stores than men (Smith-Ryan et al., 2021). Women have also been reported to consume less dietary creatine, which could mean that they would benefit from a higher supplement dose, or longer dose period than men (Smith-Ryan et al., 2021). Researchers have investigated the effects of Cr on both aging sexes, and the results demonstrate that Cr may have a larger effect on males (Forsberg et al., 1991; Mihic et al., 2000; Brose, Parise and Tarnopolsky, 2003). Due to the hormonal changes in women, the synthesis, transport, and bioavailability of endogenous creatine is altered throughout various stages of life, and supplementation could be particularly important at specific stages (Messier et al., 2011a; Collins, Laakkonen and Lowe, 2019; Smith-Ryan et al., 2021). The decline in estrogen that is associated with menopause is one of the main contributing factors for sarcopenia, defined as age related loss of muscle mass, strength, and performance (Messier et al., 2011a; Collins, Laakkonen and Lowe, 2019), as it plays a huge role in maintaining muscle mass (Messier et al., 2011b; Collins, Laakkonen and Lowe, 2019). Consequently, the prevalence of sarcopenia is said to be higher in the female population (Hwang and Park, 2022; Yang et al., 2022) Creatine combined with resistance training has been shown to act as a possible antidote to this inevitable process, which could decrease the risk of falls and slow the symptoms of frailty (Candow et al., 2019). 
Due to the limited analyses, reviews and studies focusing on females (dos Santos et al., 2021), a systematic review of the most contemporary trials would be beneficial in summarising the effects creatine has on muscular strength, muscle mass, and functional capacity in older females. More research on the effects of 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. This may then influence the 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). 
 
[bookmark: _Toc133584874]1.a Aims and objectives 
The aim of this systematic review was to critically appraise, synthesise and summarise current evidence of the effects of creatine supplementation combined with resistance training on measures of muscle strength, lean body mass, and functional capacity in older females. The specific objectives were to: (1) to determine the breadth and quality of the available 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 lean body mass, functional capacity, and strength. Findings of this review may influence interventions to treat and prevent frailty within this population. 

[bookmark: _Toc133584875]2. Methodology
The PICO framework was introduced in 1995 to structure and focus clinical questions in a four-part model, to aid the search for a particular answer; people or population (P); intervention (I); control or comparator (C); outcome of interest (O) (Richardson et al., 1995). The population in the current study was postmenopausal women aged 50+ years, as this is the age muscle mass and strength begin to noticeably decline. The intervention was creatine monohydrate supplementation specifically as this has the most scientific support of its effectiveness, combined with resistance training. The control or comparator are placebo groups following randomisation. The outcomes assessed were measurements of muscular strength, muscle mass/body composition, and functional capacity, along with any adverse events such as injuries, and side effects. 
[bookmark: _Toc133584876]2.a Search Strategy
This review was carried out following the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) guidelines (Page et al., 2021). A preliminary search was 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 was based on a combination of The Medical Subject Heading (MeSH) terms such as: Resistance Training, Creatine, Aged, Older Adults, Older Females, Sarcopenia, Frailty, Muscle Strength, Randomised Control Trials.
[bookmark: _Toc133584877]2.b Inclusion Criteria
Women inclusive of any health conditions, ethnicity, or training status were included. 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 were included in the initial search due to having the most research and being the more popular supplement of choice, inclusive of any dosage. The studies were not limited to any specific language. Strength measurements such as one-repetition maximum, three-repetition maximum, repetitions to failure, and maximal weight lifted will be included, or compound movements in general 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; these are more reliable than manual measurements such as skinfolds where there is a high chance of user error and other variables such as hydration (Talbert et al., 2009; ACSM, 2018; Araújo et al., 2018). 
[bookmark: _Toc133584878]2.c Exclusion Criteria
Studies were excluded if resistance training intervention duration is less than 12 weeks, as this has been shown to be insufficient for any measurable outcomes. Studies that were not administered on human subjects will be excluded due to generalisability. Studies in which measured body composition exclusively via skinfolds were excluded due to inaccuracy, and a poor measure of the outcomes desired within this study as mentioned above. Studies were also excluded if the researchers’ combined results of males and females.
[bookmark: _Toc133584879]2.d Data Extraction
Data extracted included participant characteristics, sample sizes, intervention (type, duration, frequency, and volume), control (randomisation and placebo type), pre/post intervention results, muscular strength, body composition, and physical function results, and the authors conclusion. The quality of the resistance training interventions was considered in accordance with the Consensus on Exercise Reporting Template (CERT) guidelines (Slade et al., 2016). These guidelines were developed due to trials inadequately describing the intervention, leaving readers unclear on the protocols of successful trials (Slade et al., 2016). Microsoft Excel was used for the initial data extraction. Effect sizes were calculated using the Cohen's d formula by taking the difference between the two means and dividing by the data's standard deviation, measuring the size of the mean difference by comparing it to the variability of the data (Cohen, 1969). 
[bookmark: _Toc133584880]2.e Critical appraisal 
The revised JBI (Joanna Briggs Institute) critical appraisal tool was used for the assessment of risk of bias (Barker et al., 2023). It is a scale-based/checklist approach that explores 5 areas of possible bias related to 1) selection and allocation 2) administration of intervention/exposure 3) assessment, detection, and measurement of the outcome 4) participant retention 5) statistical conclusion analysis. The results of each section are presented as a Yes (Y), No (N), Unclear, or N/A. The final score is calculated by the number of Y’s for each of the 13 questions. 

[bookmark: _Toc133584881]3. Results
[bookmark: _Toc133584882]3.a Search results
Following the initial search there were a total of 615 studies identified in the database. There were 486 studies removed as duplicates, leaving 129 studies to evaluate by titles and abstracts, of which 16 were eligible for full-text review. A number of studies were excluded due to being unable to extract the female data from the results (Bermon et al., 1998; Candow et al., 2014, 2015; Johannsmeyer et al., 2016; Pinto et al., 2016; Wilkinson et al., 2016; Fernandes et al., 2017), and one study was removed due to creatine being used in conjunction with Conjugated Linoleic Acid (Tarnopolsky et al., 2007). A detailed summary of the selection process is presented in figure 1. Eight RCT’s were included in this systematic review (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Aguiar et al., 2013; Alves et al., 2013; Gualano et al., 2014; Chilibeck, Candow, et al., 2015; Candow et al., 2021; Roschel et al., 2021).
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Figure 1. Flow chart of study selection process.

[bookmark: _Toc133584883]3.b Characteristics of included trials and participants.
Over the 8 RCT’s, 206 participants were included in the study in total; 102 were assigned to a creatine group and 104 were assigned to a placebo group. All participants were over 50 years with a Mean average age of 63.37 and average weight of 65kg. The health of the participants was mixed; all participants had not taken part in any exercise at least 6 months prior to the studies. Some women were confirmed as healthy, with no signs of any diseases or disabilities (Brose, Parise and Tarnopolsky, 2003; Aguiar et al., 2013; Alves et al., 2013; Chilibeck, Candow, et al., 2015; Candow et al., 2021). The women in the remaining 3 RCT’s had osteopenia (Gualano et al., 2014), knee osteoarthritis (Neves et al., 2011), or classed as pre-frail or frail based on Fried’s criteria (Fried et al., 2001; Roschel et al., 2021). All participants had consumed no ergogenic supplements at least 6 months prior to the study, including creatine (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Aguiar et al., 2013; Alves et al., 2013; Gualano et al., 2014; Chilibeck, Candow, et al., 2015; Candow et al., 2021; Roschel et al., 2021). 
[bookmark: _Toc133584884]3.c Resistance training protocols 
Weekly frequency of the exercise interventions ranged from 2 (Alves et al., 2013; Gualano et al., 2014; Roschel et al., 2021), to 3 (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Aguiar et al., 2013; Chilibeck, Candow, et al., 2015; Candow et al., 2021) sessions a week, consisting of around 2-4 sets of 8-15 repetitions per exercise. Each exercise intervention used similar exercises that consisted of compound and isolation movements such as shoulder press, bench/chest press, lateral pulldown, bicep curls, tricep pushdown, leg extension, leg curl, leg press, squats, hack squats, abdominal crunches/sit ups, and seated row. All exercise interventions were progressive; in 5 of the studies the subjects load was increased if they could perform more than the required repetitions for any exercises (Neves et al., 2011; Aguiar et al., 2013; Alves et al., 2013; Gualano et al., 2014; Candow et al., 2021). The remaining 3 studies increased the load either every 4 weeks ranging from first 4 weeks of training at 2 sets at 50% 1RM to last 4 weeks at 4 sets at 70% (Roschel et al., 2021), or increased progressively on an individual basis (Brose, Parise and Tarnopolsky, 2003; Chilibeck, Candow, et al., 2015). 
[bookmark: _Toc133584885]3.d Outcome assessments 
Results for strength were all measured via 1RM, leg press, squat, or knee extension for lower body (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Aguiar et al., 2013; Alves et al., 2013; Gualano et al., 2014; Chilibeck, Candow, et al., 2015; Roschel et al., 2021). 1RM tests for upper body included bench or chest press, bicep curl, and/or arm flexion (Brose, Parise and Tarnopolsky, 2003; Aguiar et al., 2013; Alves et al., 2013; Gualano et al., 2014; Chilibeck, Candow, et al., 2015; Roschel et al., 2021). Results for body composition were measured predominantly with DEXA scanners with Hologic densitometry equipment (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Gualano et al., 2014; Chilibeck, Candow, et al., 2015). One study used a DEXA with Lunar Prodigy (Aguiar et al., 2013), and one used peripheral quantitative computed tomography (pQCT) (Candow et al., 2021). Physical function was assessed by timed stand test, 30-second chair stand test, timed stair climbs, and timed walk (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Aguiar et al., 2013).
[bookmark: _Toc133584886]3.e Creatine and placebo dose
Creatine supplementation was considered long-term (>12 weeks) in all studies. All studies used creatine monohydrate and amounts varied. Only 3 studies did a loading phase with 20g for the first 5 days and 5g/d thereafter (Neves et al., 2011; Alves et al., 2013; Gualano et al., 2014), two studies supplemented with 5g/d (Brose, Parise and Tarnopolsky, 2003; Aguiar et al., 2013), two studies did 0.1g/kg/d (Chilibeck, Candow, et al., 2015; Candow et al., 2021), and the remainder did 2x3g/d (Roschel et al., 2021). Placebo dose amounts all matched Cr dose per trial. Placebo’s used were maltodextrin (Aguiar et al., 2013; Chilibeck, Candow, et al., 2015; Candow et al., 2021), dextrose (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Alves et al., 2013; Gualano et al., 2014), or corn starch (Roschel et al., 2021).

Table 1. Table of study characteristics 
	Author (year)
	Population characteristics 
	n = Per Group
	Intervention  
	Duration
	Outcome measure

	(Aguiar et al., 2013)
	Healthy women, Mean age (64.9 ± 5.0 years)
non-vegetarian
No ergogenic supplements 6 months prior
Not on any medication that could affect muscle growth or training ability
No involvement in structured physical activity (2-3 days) 6 months prior to study 
	CR: 
(n = 9) 
PL:
(n = 9)
	RT: 3 x/week
Exercise: 2 sets of 10–15 repetitions for 8 exercises 
(vertical bench press, lat pulldown,
biceps curl, triceps pushdown, knee extension, leg curl, seated calf raise, and abdominal crunch) with
60-and 120-s rests between the sets
CR: 5.0 g day dissolved in a CHO drink
	12 weeks
	MS: 1RM
BC: DEXA with a Lunar Prodigy
Function: Timed stand tests, and arm curl

	(Alves et al., 2013)
	
Healthy older women
Mean age (65.15 ± 4.79 years)
Untrained, for at least 1 year prior to study
No signs of cardiovascular disease or other chronic diseases
No tobacco use
No previous creatine supplement use


	CR; 
(n = 12)
PL; 
(n = 10)
	RT: 2 x/week  
Exercise: 3 sets of 12-15 maximum repetitions for 7 exercises (chest press, leg press, lat pull-down,
leg extension, rowing, squat, and sit ups), with 1-min interval
between sets
CR: 20g (4 x 5 g/d) for five days followed by 5 g/d as a single dose throughout the trial. Consumed with meals 
	24 weeks
	MS: 1RM

	(Brose, Parise and Tarnopolsky, 2003) *
	Healthy postmenopausal women. Mean age (70.35 ± 5.85)
No signs or use of coronary heart disease; congestive heart disease; uncontrolled hypertension; chronic obstructive pulmonary disease; diabetes mellitus; renal failure; major orthopedic disability; smoking; or hormone replacement therapy. 
	CR; 
(n = 6)
PL;
(n = 7)
	RT: 3 x/week
Exercise: 12 exercises used to train the major muscle groups of upper and lower body, using a circuit set system with weight training machines. 1st set of each exercise at 50% of 1RM, to 3 sets of each exercise at 80%. 10 repetitions of each arm exercise and 12 repetitions of the remaining exercises (does not confirm exercises)
CR: 5g/day dissolved in juice 
	14 weeks 
	MS: 1RM (upright chest press, leg press, arm flexion, and knee extension).
BC: DEXA scan .
Function: 30-second chair stand test; timed stair climb; timed walk.

	(Candow et al. , 2021) *
	Postmenopausal. 
Mean age (57.5 ± 5.52)
Untrained (less than 2 times RT a week). Not taking any chronic disease medication. No history of fragility fractures. Free of osteoarthiritis. Had not taken creatine supplements <24 weeks before the study
	CR; 
(n = 10) 
PL; 
(n = 12)
	RT: 3 x/week
Exercises: 3 sets of approx 10 repetitions for 12 exercises (lever machine hack squat, hip (abduction, adduction, flexion, and extension), leg curl, leg extension, low-back extension, chest press, lat-pull down, shoulder press, and triceps extension). Once 30 repitions could be completed the load was increased, and this was the strategy used throughout the trial.
CR (0.1 g·kg/d) dissolved in water, fruit juice or milk
	52 weeks 
	BC: peripheral quantitative computed tomography

	(Chilibeck et al., 2015)
	Postmenopausal women
Mean age (57 ±  5.52) 
Last period >2 years ago or status confirmed by FSH and luteinising hormone level
No - pre existing kidney abnormalities, creatinine clearance values below the normal reference range, previous fragility fractures, having taken bisphosphonates, hormone replacement therapy, androgen therapy, selective estrogen receptor modulators, parathyroid hormone, or calcitonin within the past 12 months, having taken creatine supplementation in the previous 6 months, currently taking corticosteroids, or thiazide diuretics, Crohn disease, Cushing disease or severe osteoarthritis.
Untrained (less than 2 times RT a week)
	CR; 
(n = 15)
PL; 
(n = 18)
	RT: 3 x/week
Exercise: Three sets of 10 repetitions to muscle fatigue for each exercise at approx 80% of 1RM for 18 exercises (hack squat, hip abduction, adduction, flexion, and extension (on a multihip machine), hamstrings curl, quadriceps (knee) extension, back extension, bench press, lat pulldown, shoulder press, biceps curl, triceps extension (presses), wrist pronation and supination (with dumbbells), and ankle dorsiflexion and plantarflexion)
CR: 0.1g/kg/d dissolved in water, fruit juice or milk
	52 weeks
	MS: 1RM hack squat and bench press
BC: DEXA

	(Gualano et al., 2014)
	Postmenopausal women 
Mean age (65.35 ±  4.71)with osteopenia or osteoporosis. No participation in exercise training within the last 2 years, previous use of creatine supplementation, use of drugs that affect bone metabolism, uncontrolled cardiovascular disease and/or musculoskeletal disturbances that could preclude exercise participation.  
	CR; 
(n = 15)
PL; 
(n = 15)
	RT: 2 x/week
Exercises: 3 sets of 8–12 RM for 7 exercises, except during the first week, when a reduced volume of two sets of 15–20 RM for each exercise was performed. From the second week on, progression in the absolute exercise load was implemented when the subject could perform more than 12 repetitions on a given exercise set (leg press, leg extension, squat, seated row, bench press, lat-pull down, and sit-up exercises)
Cr: 20 g/day for 5 days; followed by 5 g/day consumed with meals 
	24 weeks
	MS: 1RM (bench press and leg press)
BC: DEXA (muscle mass)

	(Neves et al., 2011)
	Women Mean age (57 ± 3) diagnosed with knee osteoarthritis. No  participation in physical exercise training during the past year, body mass index higher than 35, cardiovascular diseases, and/or musculoskeletal disturbances, which precluded exercise participation, vegetarian diet, previous use of CR supplements, glomerular filtration rate G30 mLIminj1 I1.73 mj2, Kellgren Lawrence radiographic grade of 1 and 4, pain numeric visual scale G2 or 98, use of nonsteroidal anti-inflammatory drugs during the past 3 wk, use of intra-articular infiltration with hyaluronic acid during the past 6 months, and corticosteroids infiltration over the past 3 months. 
	CR; 
(n = 13)
PL; 
(n = 11)
	RT: 3 x/week 
Exercises: four sets of 8–12 repetitions maximum (RM) for 3 lower body exercises, except during the first week, when a reduced volume of two sets of 15–20 RM for each exercise was performed. From the second week on, progression in the absolute exercise load was implemented when the subject could perform >12 repetitions on a given exercise set (leg press, leg extension, and half-squat exercises)
CR: 20g/d for first 7 days followed by 5g/d for remaining 11 weeks. Consumed with meals 
	12 weeks
	Funtion: Timed-stand test
MS: 1RM leg press
BC: DEXA scan 

	(Roschel, Hayashi, Fernandes, et al., 2021)

	Women Mean age (72.5 ± 5.52) and classified as pre-frail or frail based on Fried's criteria. No  use of exogenous insulin or steroid-based drugs; use of protein- and/or amine-based dietary supplements; under a dietary caloric or food-group restriction; currently engaged in resistance training; untreated chronic disease or any musculoskeletal condition precluding exercising
	CR; (n = 22)

PL; (n = 22)
	RT: 2 x/week 
Exercises: Training load progressed every four weeks and ranged from 2 sets at 50% 1-RM (first four weeks of training) to four sets at 70% 1-RM (last four weeks of training) for each exercise and was composed of five exercises for the main muscle groups (inclined leg press, leg extension, horizontal bench press, shoulder press, and lat pull down). 
CR: 2 × 3 g/d. consumed with meals 
	16 weeks
	MS: 1RM bench press and leg press
BC: DXA scan 


CHO: Carbohydrate MS: Muscle strength BC: Body composition

[bookmark: _Toc133584887]3.f Risk of Bias 
Table 2 shows the individual score for each of the 13 questions in the JBI tool. The quality ranged from 10 to 13; with 3 studies scoring 11 (Neves et al., 2011; Aguiar et al., 2013; Gualano et al., 2014) and 3 studies scoring 12 (Alves et al., 2013; Candow et al., 2021; Roschel et al., 2021). All participants in each study were similar at baseline. All participants were blind to the treatment assignment, as well as those delivering the treatment. One study was unclear on how the participants were randomised for assignment of treatment groups (Aguiar et al., 2013). Five studies did not adequately report allocation procedures (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Aguiar et al., 2013; Alves et al., 2013; Gualano et al., 2014). Three studies did not adequately report whether the assessors were blind to the treatment assignment (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Gualano et al., 2014), and another 3 were unclear on the follow-up process (Brose, Parise and Tarnopolsky, 2003; Aguiar et al., 2013; Candow et al., 2021). The overall score for the JBI critical appraisal was 11.5 out of 13, evidencing a low risk of bias.The quality assessment results of the RT training programmes are shown in table 3. Overall, the score was 6.4 out of 8 so relatively high. Only 2 studies provided descriptions of the following; qualifications, teaching/supervising expertise, and/or training undertaken by the exercise instructors in any of the studies; details of motivation strategies; and a description for determining the starting level at which the participants commence an exercise program (beginner, intermediate, advanced etc) (Candow et al., 2021; Roschel et al., 2021). For the remainder of the checklist the score did not fall below 6 resulting in an overall score of 76%, suggesting that the RT interventions were of high quality. 

Table 2. Table of JBI critical appraisal results 
[image: ]
Table 3. Consensus on Exercise Reporting Template (CERT) score (Slade et al., 2016).
	Consensus on Exercise Reporting Template

	Section/Topic 
	 Item
	Checklist item
	Score /8

	WHAT: materials
	1
	Detailed description of the type of exercise equipment (e.g. weights, exercise equipment such as machines, treadmill, bicycle ergometer etc)
	7

	WHO: provider 
	2
	Detailed description of the qualifications, teaching/supervising expertise, and/or training undertaken by the exercise instructor
	2

	HOW: delivery 
	3
	Describe whether exercises are performed individually or in a group
	8

	 
	4
	Describe whether exercises are supervised or unsupervised and how they are delivered
	8

	 
	5
	Detailed description of how adherence to exercise is measured and reported
	7

	 
	6
	Detailed description of motivation strategies
	2

	 
	7a 
	Detailed description of the decision rule(s) for determining exercise progression
	8

	 
	7b 
	Detailed description of how the exercise program was progressed
	8

	 
	8
	Detailed description of each exercise to enable replication (e.g. photographs, illustrations, video etc)
	7

	 
	9
	Detailed description of any home program component (e.g. other exercises, stretching etc)
	8

	 
	10
	Describe whether there are any non-exercise components (e.g. education, cognitive behavioural therapy, massage etc)
	8

	 
	11
	Describe the type and number of adverse events that occurred during exercise
	8

	WHERE: location
	12
	Describe the setting in which the exercises are performed
	6

	WHEN, HOW MUCH: dosage
	13
	Detailed description of the exercise intervention including, but not limited to, number of exercise repetitions/sets/sessions, session duration, intervention/program duration etc
	8

	TAILORING: what, how
	14a
	Describe whether the exercises are generic (one size fits all) or whether tailored to the individual 
	6

	 
	14b
	Detailed description of how exercises are tailored to the individual
	6

	 
	15
	Describe the decision rule for determining the starting level at which people commence an exercise program (such as beginner, intermediate, advanced etc)
	2

	HOW WELL: planned, actual
	16a
	Describe how adherence or fidelity to the exercise intervention is assessed/measured
	6

	 
	16b 
	Describe the extent to which the intervention was delivered as planned
	7

	
	
	Score
	6.4/8




[bookmark: _Toc133584888]3.g Effects of the intervention on strength
Creatine combined with resistance training increased muscle strength in 4 out of the 7 studies that measured muscular strength (Aguiar et al., 2013; Alves et al., 2013; Gualano et al., 2014; Chilibeck, Candow, et al., 2015). 
In a 12-week study with equal participants in each group (n = 9), there was a significant between group difference found in bench press (CR: 14.3 ± 6.7 vs. PL: 9.2 ± 4.4, P<0.05), knee extension (CR: 8.6 ± 2.7 vs. PL: 4.7 ± 1.8, P<0.05), and biceps curl (CR: 22.3 ± 7.1 vs. PL: 13.5 ± 3.9, P<0.05) favouring the Cr group (Aguiar et al., 2013). Alves et al (2013) carried out a 24-week study and secondarily found that the Cr group (n = 12) had +18.7% gains on the 1RM leg press compared to Pl groups (n = 10) +10.6%, however in 1RM chest press the Cr only had 0.5% more gains than the Pl (Alves et al., 2013). A significant difference favouring Cr was found in another 24-week study with balanced groups (CR; n = 15 & PL; n = 15) measuring strength via 1RM leg press (CR: Pre: 83.8 ± 19.4, Post: 97.7 ± 21.7 vs PL: Pre: 75.5 ± 14.2, Post: 85.5 ± 13.9) and bench press (CR: Pre: 33.9 ± 5.6, Post: 36.5 ± 7 vs PL: Pre: 31.2 ± 7.9, Post: 33.0 ± 4.9) (Gualano et al., 2014). Lastly, a 52-week trial saw that Cr (n = 15) had higher mean absolute changes than the Pl (n = 18) from baseline to 12 months for both bench press 1RM (CR group: 18 (10 to 25) vs PL group: 11 (5 to 18)), and squat 1RM (CR group: 54 (29 to 79) vs PL group: 50 (29 to 71)) (Chilibeck, Candow, et al., 2015). The average effect size over these 4 studies is 0.33, showing a moderate effect across the results that favoured the Cr group. 
The remaining 3 studies found that 1RM increased in all exercises, with no differential increases between groups (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Roschel et al., 2021). Brose et al (2003) carried out a 14 week trial but saw no statistically significant difference between groups (CR; n = 6 & PL; n = 7) in chest press (Pre: CR 48 ± 11 vs PL 46 ± 9 / Post: CR 63 ± 21 vs PL 59 ± 11), arm flexion (Pre: CR 25 ± 7  vs PL 26 ± 8 / Post: CR 40 ± 11 vs PL 40 ± 6), leg press (Pre CR 111 ± 28 vs PL 105 ± 26 / Post: CR 153 ± 54 vs PL 152 ± 30), or knee extension (Pre: CR 71 ± 10 vs PL 73 ± 16 / Post: CR 113 ± 22 vs PL 115 ± 3) (Brose, Parise and Tarnopolsky, 2003). 
A 12-week study carried out by Neves et al (2011) saw a better result in the PL group (n = 11), rather than the CR; (n = 13) in leg press 1RM results (Pre: CR 90.0 ± 18.5 vs PL 89.6 ± 12.9 / Post: CR 99.7 ± 14.9 vs PL 100.5 ± 18.6) (Neves et al., 2011). Similar results were found in Roschel et al (2021) 16-week trial with a bigger and balanced sample size (CR; n = 22 & PL; n = 22) with leg press (Pre CR 45 (35,54) vs PL 45 (35, 55) / Post: CR 54 (44, 63) vs PL group 58 (48, 68)) (Roschel et al., 2021). The overall effect size for strength was 0.14.

[bookmark: _Toc133584889]3.h Effects of the intervention on body composition
Body composition was measured in 6 out of the 8 studies (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Aguiar et al., 2013; Chilibeck, Candow, et al., 2015; Candow et al., 2021; Roschel et al., 2021). Creatine combined with resistance training increased lean body mass in 4 studies (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Aguiar et al., 2013; Candow et al., 2021). Brose et al (2003) found that within 14-weeks FFM in the Cr group (n = 6) was further enhanced than the Pl group (n = 7) measured via DEXA scan (Pre: CR 33.7 ± 3.7 vs PL 37.2 ± 1.8 / Post: CR 35.7 ± 4.1 vs PL 37.8 ± 2.0) (Brose, Parise and Tarnopolsky, 2003). Whole body, and lower limb lean mass was investigated in a 12-week trial, measured by DEXA scan, they found no significant effect between groups for whole body lean mass (Pre: CR 42.6 ± 6.5 vs PL 45.3 ± 4.5 / Post: CR 43.7 ± 5.7 PL 46.1 ± 4.9), but did for lower limb lean mass (Pre: CR 13.3 ± 2.3 vs PL ± 14.6 ± 2.1 / Post: CR 13.8 ±2.0 vs 15.1 ± 2.1) (Neves et al., 2011). Another 12-week study that measured muscle mass found the Cr group (n= 9) had favourable effects over the Pl group (n = 9) measured by DEXA; (Pre: Cr 15.5 ± 1.5 PL 15.4 ± 2.6 / Post: Cr 16.1 ± 1.4 PL 15.5 ± 2.5) (Aguiar et al., 2013). Candow et al (2021) measured muscle density in the forearm and lower leg in a 52-week trial by peripheral quantitative computed tomography. They found a significant group difference between the Cr group (n = 10), and the Pl group (n = 12); Values are mean (95% confidence intervals). Forearm mm² - (Pre: CR 2661 (2274-3048) vs PL 2956 (2603-3309) / Post: CR 2782 (2426-3138) vs PL 3000 (2675-3324) & Lower leg mm² - (Pre: CR 6198 (5501-6896) vs PL 7071 (6406-7736) / Post: CR 6023 (5313-6732) vs PL 6680 (6003-7356)) (Candow et al., 2021).
With the remaining 2 studies finding no differences between groups for lean tissue mass or muscle thickness (Chilibeck, Candow, et al., 2015; Roschel et al., 2021). Values are Mean absolute changes (baseline to 12-months) CR group (n = 15): -1.0 (-2.1 to 0.8) and PL group (n = 18): -1.3 (-2.3 to -0.3) (Chilibeck, Candow, et al., 2015). For Roschel et al (2021), total lean mass was measured via DXA over 16-weeks; Values are Mean (95% confidence intervals) (Pre: CR 38.6 (36.1, 41.1) vs PL 38.8 (36.3, 41.3) / Post: CR 39.1 (36.6, 41.7) vs PL 39.5 (37.0, 42.0)) (Roschel et al., 2021).
The overall effect size for body composition was 0.34.

[bookmark: _Toc133584890]3.i Effects of the intervention on functional capacity
Only three of the studies measured functional capacity, and the results of Brose et al (2003) cannot be used due to the female results being combined with males (Brose, Parise and Tarnopolsky, 2003). The 2 remaining studies both showed that participants in the CR groups were more efficient in the standing timed tests that those in the PL group (Neves et al., 2011; Aguiar et al., 2013). Neves et al (2011) was a 12-week study that measured physical function via timed-stand tests, and they found a significant difference in the Cr group (n = 13) than the Pl group (n = 11) (Pre: CR 15.7 ± 1.4 vs PL 15.0 ± 1.8 / Post: CR 18.1 ± 1.8 vs PL 15.2 ± 1.2) (Neves et al., 2011).
The Cr group (n = 9) in the Aguiar et al (2013) trial were 18.7, 10.2, and 10.7 % more efficient in the 30-s chair stand, arm curl, and getting up from lying on the floor tests respectively than the PL group (n = 9) (Aguiar et al., 2013). Effect size for Aguiar et al (2013) cannot be calculated due to results not providing full statistical data. Effect size for Neves et al (2011) is 1.77, showing a large effect size based on Cohen’s d formula (Cohen, 1969).

Table 4. Table of study results
	Author (year)
	Main Findings
	Secondary findings/Adverse effects 
	Author conclusion 

	(Aguiar et al., 2013)
	Strength 
Values are mean ± SD
1RM strength 
bench press (CR: 14.3 ± 6.7 vs. PL: 9.2 ± 4.4, P<0.05), 
knee extension (CR: 8.6 ± 2.7 vs. PL: 4.7 ± 1.8, P<0.05), 
biceps curl (CR: 22.3 ± 7.1 vs. PL: 13.5 ± 3.9, P<0.05)
Effect size 0.36 
Function:
CR group was 18.7, 10.2, and 10.7 % more efficient (P\0.01) in the 30-s chair stand, arm curl, and getting up from lying on the floor tests at post-test than PL group.
Study does not give mean ± SD
Body composition
Muscle Mass (kg) 
Pre: Cr 15.5 ± 1.5 PL 15.4 ± 2.6
Post: Cr 16.1 ± 1.4 PL 15.5 ± 2.5
Effect size: 0.36
	None 
	Long-term Cr supplementation combined with RT improved the ability to perform submaximal-strength functional tasks (rising from a chair, bending the arm, and getting up from the floor) and increases maximal strength, fat-free mass and muscle mass in older women than RT alone.

	(Alves et al., 2013)
	Strength (strength was a secondary finding within this study so results not as detailed)
1RM leg press: Values expressed as percentage of gains 
CR: +18.7% 
PL: +10.6% 
1RM chest press:
CR: +10.0%
PL: +9.5%
Effect size: 0.18
	None 
	Creatine supplementation combined with resistance training did not elicit superior strength gains than training alone. Creatine supplementation may have failed to increase muscle creatine content to a level that would allow the observation of improvements in muscle function.

	(Brose, Parise and Tarnopolsky, 2003) *
	Strength 
1RM (lb) - Values are mean ± SD
Chest press 
Pre: CR 48 ± 11 PL 46 ± 9
Post: CR 63 ± 21 PL59 ± 11
Arm flexion 
Pre: CR 25 ± 7 PL 26 ± 8
Post: CR 40 ± 11 PL40 ± 6
Leg Press 
Pre CR 111 ± 28 PL 105 ± 26
Post: CR 153 ± 54 PL 152 ± 30
Knee extension 
Pre: CR 71 ± 10 PL 73 ± 16
Post: CR 113 ± 22 PL 115 ± 3
Effect size: 0.06
Body composition:
FFM (kg) 
Pre: CR 33.7 ± 3.7 PL 37.2 ± 1.8
Post: CR 35.7 ± 4.1 PL 37.8 ± 2.0
Effect size: 0.44
Function:
Cannot use as does not show separate results for male and female
	None 
	CrM supplementation increased intramuscular total Cr, and it enhanced the exercise-induced gains in TBM, FFM, isometric knee extension in women

	(Candow et al. , 2021) *
	Body composition: Muscle density measure 
Values are mean (95% confidence intervals)
Forearm mm² - 
CR - baseline 74 (73–75) 1 year 74 (73–75)
PL - baseline 74 (73–75) 1 year 74 (73–75)
Lower leg mm² - 
CR baseline 70 (68–73)1 year 71 (68–73)
PL baseline 69 (66–71) 1 year 68 (66–70)
Effect size: 0.37
	None 
	Older adults who supplemented with Cr experienced a significant increase in lower-leg MuD compared with those on placebo which may be important because low MuD is an independent risk factor for falls (1) and disability in older adults

	(Chilibeck et al., 2015)
	Strength (kg) 
mean absolute changes (baseline to 12 months)
Bench press strength 
CR group: 18 (10 to 25) 
PL group: 11 (5 to 18) 
Main Effect: 6 (-4 to 16)
Squat strength (kg)* 
CR group: 54 (29 to 79) 
PL group: 50 (29 to 71) 
Main Effect: 4 (-28 to 36)
Effect size 0.61
Body Composition
Lean tissue mass (kg)
CR group: -1.0 (-2.1 to 0.8)
PL group: -1.3 (-2.3 to -0.3)
Main effect: 0.3 (-1.3 to 1.8)
	No secondary findings
Adverse effects: Five participants in the creatine group reported constipation, diarrhea, heartburn, irritable bowel, and nausea and two reported muscle. One participant in the placebo group reported nausea
	With a relatively low participant number, the study may have lacked statistical power for these measurements. In addition, the hack squat strength measure has poor reproducibility (i.e., CV, 31%) and this may have masked differences between groups.

	(Gualano et al., 2014)
	Strength 
1RM Leg press. Values are mean ± SD
CR (Pre: 83.8 ± 19.4, Post: 97.7 ± 21.7)
PL (Pre: 75.5 ± 14.2, Post: 85.5 ± 13.9)
1RM bench press. 
CR (Pre: 33.9 ± 5.6, Post: 36.5 ± 7.1 kg)
PL (Pre: 31.2 ± 7.9, Post: 33.0 ± 4.9)
Effect size: 0.17
	

No adverse effects 
	In conclusion, creatine supplementation combined with resistance training improved appendicular lean mass and muscle function in older vulnerable women.

	(Neves et al., 2011)
	Strength 
Values are mean ± SD
Leg press 1RM (kg) 
Pre: CR 90.0 ± 18.5 PL 89.6 ± 12.9
Post: CR 99.7 ± 14.9 PL 100.5 ± 18.6
Effect size: -0.22
Body Composition
Whole body lean mass (kg) 
Pre: CR 42.6 ± 6.5 PL 45.3 ± 4.5
Post: CR 43.7 ± 5.7 PL 46.1 ± 4.9
Lower limb lean mass
Pre: CR 13.3 ± 2.3 vs PL ± 14.6 ± 2.1 
Post: CR 13.8 ±2.0 vs 15.1 ± 2.1
Effect Size 0.20
Function: 
Pre: CR 15.7 ± 1.4 / PL 15.0 ± 1.8
Post: CR 18.1 ± 1.8 / PL 15.2 ± 1.2
Effect size: 1.77
	None 
	CR supplementation is safe and capable of improving physical function, lower limb lean mass and quality of life in postmenopausal women with knee OA undergoing a resistance training program

	(Roschel, Hayashi,  Fernandes, et al., 2021)*
	Strength (Effect Size: -0.71)
1RM leg press kg - Values are mean (95% confidence intervals)
CR group (PRE: 45 (35,54), POST 54 (44, 63))
PL group (PRE: 45 (35, 55), POST 58 (48, 68))
1RM bench press kg 
CR group (PRE 22 (19,26), POST 27 (24,31))
PL group (PRE 24 (20,27), POST 30 (26,33))
Total lean mass kg 
CR group (PRE: 38.6 (36.1, 41.1), POST: 39.1 (36.6, 41.7))
PL group (PRE 38.8 (36.3, 41.3), POST: 39.5 (37.0, 42.0))
Effect size: 0.23
	None 
	Creatine did not improve muscle adaptations alone compared to training. Most studies showing the efficacy of creatine supplementation involved healthy, older individuals, who may present a better response to dietary interventions. The current findings suggest that the ability of supplementing with creatine to counteract muscle wasting and weakness in pre-frail and frail older individuals may be of limited clinical relevance.


FFM: Fat free mass. 

[bookmark: _Toc133584891]4. Discussion
[bookmark: _Toc133584892]4.a Overview of results
The primary purpose of this review was to systematically evaluate the current evidence of the effects of Cr supplementation combined with resistance training on whether it improves measures of muscle strength, lean body mass, and functional capacity in older females. Older females were chosen for focus due to the lack of scientific evidence on the effects of Cr combined with RT in women, and it has been shown that females responsiveness to Cr differ to males due to having lower endogenous Cr stores (dos Santos et al., 2021; Smith-Ryan et al., 2021). The findings from this systematic review suggest that resistance training combined with CrM supplementation may have an influence on increased muscular strength and could increase functional capacity and body composition in the older, postmenopausal female. Overall, 57%, 66%, and 100% of the studies that included strength, body composition, and function as an outcome showed an increase, respectively (Aguiar et al., 2013; Alves et al., 2013; Gualano et al., 2014; Chilibeck, Candow, et al., 2015). However, the overall effect size was 0.14, 0.34, and 1.77 for strength, body composition and physical function respectively, evidencing only a small effect. There were also only 2 studies in which the results for function can be used, and the above-mentioned effect size is the value from 1 trial (Neves et al., 2011).
One study reported that the combination of Cr supplementation and training did not elicit superior strength gains compared to training alone  (Alves et al., 2013).  However, the results suggest that there were gains in the Cr group, although they may not have been statistically significant. Specifically, the Cr group showed an 18.7% increase in 1RM leg press strength, compared to the placebo group's 10.6%. These findings suggest that Cr supplementation may have had some beneficial effect on strength gains within this study, although the effect may not have been large enough to be considered statistically significant (Alves et al., 2013).

[bookmark: _Toc133584893]4.b Analysis 
Creatine has been shown to increase the ability of total weight lifted, and this was evidenced in one of the 12-week studies in which participants in the Cr group were able to lift over double the weight of those in the Pl group (Aguiar et al., 2013). It is thought that exercise intensity when supplementing with Cr can increase by up to 10-20% (Kreider et al., 2017) thereby increasing the potential for increased strength and LBM. However, this does seem to be subject to the level of PCr in the muscle (Kreider et al., 2017). Only 1 trial in this review investigated PCr and TCr (total creatine), and although a mixed sex study, they found a 27% increase in muscle TCr in the Cr group, and a greater increase in men than women (Brose, Parise and Tarnopolsky, 2003). PCr also did not significantly increase in women (Brose, Parise and Tarnopolsky, 2003), which is consistent with previous reports that Cr has a lesser effect in females due to higher intramuscular creatine stores (Kreider et al., 2017; dos Santos et al., 2021; Smith-Ryan et al., 2021). 

[bookmark: _Hlk132739937]A finding that is of particular importance is the 4 trials that showed a between group difference favouring Cr all had the longest intervention duration, besides Aguiar et al (2013), who had a 12-week intervention (Aguiar et al., 2013; Alves et al., 2013; Gualano et al., 2014; Chilibeck, Candow, et al., 2015). Aguiar et al (2013) found a positive effect in all 3 outcomes during a 12-week intervention, however the participants in both groups completed 6 familiarisation sessions followed by 12 weeks RT prior to the start of the 12-week intervention, to obtain similar physical fitness levels between groups (Aguiar et al., 2013). By ensuring that both groups had similar fitness levels prior to the intervention, it is thought that any differences observed in the outcome measures can be more confidently attributed to the intervention itself, rather than to pre-existing variances in fitness levels (Holmberg and Andersen, 2022). Some researchers disagree with this as it ignores the importance of other variables, and they recommend that journals in and out of the nutrition field adopt the CONSORT 2010 statement by avoiding publishing significance tests for baseline data (de Boer et al., 2015; Welch et al., 2017). The familiarisation sessions and RT that took place prior to the intervention may have had some impact on the results of the study, however it was likely administered to improve the validity and reliability by reducing the potential for confounding factors, and to improve the quality of the intervention.

The dose-response effects of creatine combined with resistance training in older women remains unclear. Interestingly, only 1 of the RCT’s in the current study consumed the creatine dose with a carbohydrate drink, and they saw a between group difference in all 3 outcomes, with significant effects for strength and body composition (Aguiar et al., 2013). The remainder of the studies either consumed creatine with meals, or water, milk, or juice (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Alves et al., 2013; Gualano et al., 2014; Chilibeck, Candow, et al., 2015; Candow et al., 2021; Roschel et al., 2021). The 3 studies that did not see a between group effect for strength consumed the creatine supplement with juice (Brose, Parise and Tarnopolsky, 2003), or with meals (Neves et al., 2011; Roschel et al., 2021). Co-ingesting creatine with carbohydrate has been shown to optimise skeletal muscle creatine uptake, by stimulating the release of insulin which increases the uptake of glucose and creatine into the muscle (Green et al., 1996; Steenge, Simpson and Greenhaff, 2000; Close et al., 2016; Burke, van Loon and Hawley, 2017; Kreider et al., 2017). When glucose enters the blood stream it stimulates the release of insulin which acts a signal to muscle cells to absorb glucose and amino acids, including creatine (Green et al., 1996; Steenge, Simpson and Greenhaff, 2000). Glucose is then used for energy during exercise while creatine assists with the production of ATP (Green et al., 1996; Steenge, Simpson and Greenhaff, 2000). Research suggests that the timing of supplementation is more effective when taken immediately after training, when the muscle cells are more receptive to nutrients (Candow et al., 2015; Naderi et al., 2016; Chami and Candow, 2019). In total, 3 studies consumed the creatine supplement immediately after training (Aguiar et al., 2013; Chilibeck, Candow, et al., 2015; Candow et al., 2021), and their results predominantly favour Cr. One review found that optimal Cr dose timings are with meal times, or after exercise (Naderi et al., 2016), and another found dose timings did not exert any additional influence over the measured outcomes (Dinan et al., 2022). The existing evidence on Cr supplement timing is unclear.
Considering it has been suggested that older women may need a higher dose than men, it was surprising to find that the RCT’s in the current study all had similar dose amounts to previous trials investigating the effects on either men or both women and men (Gotshalk et al., 2002; Bemben et al., 2010; Forbes et al., 2021). Only 2 studies had what is considered a higher dose (0.1g/kg/day) (Chilibeck, Candow, et al., 2015; Candow et al., 2021), and both had relatively small effect sizes. Studies should investigate different creatine dose amounts with long-term interventions for this population. No significant mechanisms were found between the results of the studies and the dose of RT. Out of the 3 studies that had a shorter intervention that saw no between group difference for strength, 2 of those did see an improvement in FFM (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011), and 1 saw improvements in physical function (Neves et al., 2011). When comparing the results of the 2 longest trials (52 weeks) to the 2 shortest (12 weeks), there is no evidence of an interaction between the results. This is consistent with the previous systematic review that focused on older women (dos Santos et al., 2021).

Two studies included in this review investigated the effects on participants with diagnoses of osteoporosis (Gualano et al., 2014),  and knee osteoarthritis (Neves et al., 2011), both of which are predictors in falls within the elderly population (Sinaki et al., 2005; da Silva et al., 2010). Both trials found that the number of debilitated subjects decreased in the Cr groups, despite Neves et al (2011) not finding a between group difference for strength (Neves et al., 2011; Gualano et al., 2014). This finding is consistent with previous reports that show Cr supplementation enhances the 
beneficial results when combined with rehabilitation resistance training (Tarnopolsky and Martin, 1999; Hespel et al., 2001; Louis et al., 2003). In saying this, Roschel et al (2021) studied the effects on participants that were classified as pre-frail or frail and found no between group difference in any outcomes (Roschel et al., 2021). These results are difficult to understand as they had a higher dose of creatine (9g per day), larger sample size, RT intervention was of good quality and long-term (16 weeks). The synergistic effects of RT combined with creatine may be weakened with increasing age, meaning Cr may affect pre-frail or frail ineffectively (Candow et al., 2015; Phillips, 2015; Roschel et al., 2021). There is limited research focusing on specific age-related response effect of RT and Cr, and most of the available research is on healthy, older women who may demonstrate a better, more effective response to the intervention (Brose, Parise and Tarnopolsky, 2003; Neves et al., 2011; Aguiar et al., 2013; Alves et al., 2013; Gualano et al., 2014; Chilibeck, Candow, et al., 2015; Candow et al., 2021). It could be argued that a higher dose of both RT and Cr, and a more tailored approach would be needed to counteract the anabolic resistance seen in the older adult, to effectively augment the positive influences of the intervention. Anabolic resistance of muscle protein synthesis is observed in older adults and refers to the reduced responsiveness of muscle tissue to the anabolic stimuli of nutrients and exercise (Burd, Gorissen and van Loon, 2013). Depending on the stage of this process in each participant, the results could be significantly effected and may be the reason for irregular results.

Candow et al (2021) primary findings were outcomes in bone mineral density (BMD) (Candow et al., 2021), and although not necessarily relevant to this review it is worth noting that they found a significant increase in total bone in the distal tibia and tibial shaft in the Cr group compared to Pl. Chilibeck et al (2015) also found that the Cr preserved BMD at the femoral neck (Chilibeck, Candow, et al., 2015). An increase in BMD has been shown to decrease the risk of fractures in falls which could be of importance within this population of women (Kontulainen et al., 2008; Chilibeck, D. G. Candow, et al., 2015).




Table 5. factors that may influence the effectiveness of creatine.
	Author (year)
	Sample Size 
	Length of intervention + frequency of RT
	Mean age and health of participants
	Creatine dose
mixed with and when
	RT progressive
	Results of Cr groups compared to Pl

	(Aguiar et al., 2013)
	CR: (n=9) 
PL: (n=9)
	12 weeks
3 x/week
	64
Healthy 
	5g/d
Carbohydrate drink immediately after training
	Yes
	Strength: increased
Function: increased 
Body composition: improved

	(Alves et al., 2013)
	CR; (n=12)
PL; (n=10)
	24 weeks
2 x/week
	65
Healthy
	20g/d for 5 days followed by 5g/d
With meals
	Yes
	Strength: increased

	(Brose, Parise and Tarnopolsky, 2003) *
	CR; (n=6)
PL; (n=7)
	14 weeks 
3 x/week
	70
Healthy
	5g/d 
Juice, does not confirm when
	Yes
	Strength: no difference between groups
Body composition: improved

	(Candow et al. , 2021) *
	CR; (n=10) 
PL; (n=12)
	52 weeks 
3 x/week
	57
Healthy
	0.1 g·kg/d
Water, fruit juice or milk before and after training
	Yes
	Body composition: improved 

	(Chilibeck et al., 2015)
	CR; (n=15)
PL; (n=18)
	52 weeks
3 x/week
	57
Healthy
	0.1 g·kg/d
Water, fruit juice or milk before and after training
	Yes
	Strength: improved 
Body composition: no difference between groups

	(Gualano et al., 2014)
	CR; (n=15)
PL; (n=15) 
	24 weeks
2 x/week
	65
All participants diagnosed with osteopenia or osteoporosis
	20g/d for 5 days followed by 5g/d
With meals 
	Yes
	Strength: improved

	(Neves et al., 2011)
	CR; (n=13)
PL; (n=11)
	12 weeks
3 x/week

	57
All participants diagnosed with knee osteoarthritis
	20g/d for 5 days followed by 5g/d
With meals
	Yes
	Strength: no difference between groups
Function: improved 
Body composition: improved

	(Roschel, Hayashi,  Fernandes, et al., 2021)*
	CR; (n=22)
PL; (n=22)
	16 weeks
2 x/week
	72
All participants classified as pre-frail or frail
	2 × 3 g/d
With meals 
	Yes
	Strength: no difference between groups 
Body composition: no difference between groups

	*Mixed sex studies. 
	



[bookmark: _Toc133584894]4.c Quality of the evidence 
The quality of the evidence in this review is considered low, due to the small total sample size of 206, and limited number of studies investigating all 3 outcomes of strength, body composition and physical function. The JBI critical appraisal results showed that the studies analysed were of high quality, with all studies scoring 10 or above. The resistance training programmes scored an overall 6.1 out of 8 from the CERT guidelines which is considered high (Slade et al., 2016).
The effects scores for strength were small and for body composition the effect was medium. Only 3 studies investigated function, and 1 of the results could not be used due to the authors not confirming separate results for females (Brose, Parise and Tarnopolsky, 2003), and another did not give enough statistical information to form an effect size (Aguiar et al., 2013). However, the 1 in which an effect size could be calculated, was 1.77, which is considered a large overall effect (Neves et al., 2011). Therefore, the total effect size of this review is 0.30, which is regarded as medium (Cohen, 1969). Additional research is needed to determine a dose-response effect in the older female population, with a much larger cohort. 

[bookmark: _Toc133584895]4.d Adverse effects and other findings
No injuries were reported in any studies, confirming that resistance training and creatine supplementation are a safe and effective method for strength development, increasing FFM and physical function in older women. Only one study had adverse effects; five participants in the Cr group reported constipation, diarrhea, heartburn, irritable bowel, and nausea and two reported muscle cramps, and one participant in the placebo group reported nausea (Chilibeck, Candow, et al., 2015).

[bookmark: _Toc133584896]4.e Limitations
There were a few of limitations in this review. Difference of effects between upper and lower body strength were not investigated albeit upper body strength has been shown to improve the ability to perform daily activities like household chores (Nawrocka et al., 2019). Difference of effects of upper and lower body strength were reviewed in the previous systematic review (dos Santos et al., 2021), which does not include the 2 most recent RCT’s that have been investigated in the current review (Candow et al., 2021; Roschel et al., 2021). Secondly, due to the nature of the participants it would have been beneficial to be able to investigate muscle creatine stores, as it has been shown that creatine stores decrease over time and can affect creatine uptake, which may explain the lack of unequivocal results. In saying this, only 1 study investigated this so it would not have been possible to conclude (Brose, Parise and Tarnopolsky, 2003). Results of physical function only included 2 trials with a total of 42 participants (Cr n = 22 and Pl n = 20) which is not enough to reach statistical significance (Neves et al., 2011; Aguiar et al., 2013). There were a couple of RCT’s that were included in the previous systematic review (dos Santos et al., 2021), that could not be included due to mixed sex results; many of the trials and reviews on the current topic have the same authors and so it is assumed they were able to revisit the original results and extract female only data, which were not displayed in the original, mixed sex RCT. 

[bookmark: _Toc133584897]5. Conclusion
As a result of changes across the life cycle for women, and particularly in this case related to the reduced levels of estrogen, RT combined with creatine shows promising effects in counteracting the inevitable loss of strength, muscle mass and functionality that comes with the menopause. 
The present review has demonstrated that overall, the use of Cr supplementation alongside RT can influence increased strength, physical function, and body composition compared to a placebo intervention in postmenopausal women, however the results are still equivocal. The trials and interventions were of high quality assessed via the JBI critical appraisal tool, and the CERT guidelines for exercise reporting (Slade et al., 2016; Barker et al., 2023). However due to the limited number of trials and as such, small sample size, the certainty of the evidence is low. This may have contributed to the lack of explanations found between the outcomes. 
[bookmark: _Toc133584898]5.a Future directions for research 
This is the first systematic review to also analyse a potential dose effect of creatine for older women, and it is evident that there is a need for more clinical trials investigating a dose-response effect of Cr and RT. 
1. Longitudinal studies would provide further valuable insights into the effects Cr has over extended periods, as short-term supplementation has been shown to be less effective (Smith-Ryan et al., 2021). 
2. Studies should investigate the dose effects on the different stages/ages of post menopause, to assess potential influences of anabolic resistance of muscle protein synthesis.
3. In addition, while the combination of RT and Cr is promising, it may be beneficial to explore other, more tailored exercise interventions within this population. This may improve adherence and enjoyability, which may influence the results. 
4. Also exploring the underlying mechanisms behind how creatine may have a lesser effect on 1) older women, and 2) those who are classed a pre-frail or frail would be beneficial in directing any future research on this population, especially in terms of Cr dose.
5. Future research should also aim to include more diverse participant populations. By including different ethnicities and socio-economic backgrounds it would be hoped the generalisability could be improved. 
These recommendations would help to determine the most effective methods to increase strength, muscle mass and functionality in older women, in the hopes to influence future interventions to decrease the risk of falls and fractures. 
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