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Abstract 

Introduction and purpose: Age-related declines in skeletal muscle mass and strength, together 

with bone loss, reduce physical performance and increase frailty and fall risk in older adults. 

Creatine supplementation has been proposed as a supportive and potentially preventive strategy 

due to its role in cellular energy buffering and its capacity to augment exercise training 
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adaptations. This narrative review summarizes current evidence on the effects of creatine 

supplementation on muscle strength and function and on bone-related outcomes in older adults. 

Review methods: A narrative review of the literature was conducted using PubMed and Google 

Scholar. Peer-reviewed studies published between 2000 and 2025 examining creatine 

supplementation and muscle- or bone-related outcomes in adults were included. 

Brief description of the state of knowledge: Evidence from randomized trials and meta-

analyses indicates that creatine supplementation combined with progressive resistance training 

increases lean mass and improves dynamic strength and functional performance in older adults 

more consistently than resistance training alone. Mechanistically, benefits are biologically 

plausible through increased intramuscular creatine/phosphocreatine availability, improved 

high-intensity exercise capacity, and downstream anabolic signaling that supports training 

responsiveness. In contrast, effects on areal bone mineral density measured by DXA are 

generally neutral in long-term trials and pooled analyses. 

Summary (conclusions): Creatine is a well-studied supplement that, when paired with 

resistance training, reliably enhances lean mass and muscle strength in older adults. Current 

evidence does not support creatine as an effective stand-alone strategy to increase areal BMD, 

but potential benefits warrant further adequately powered, long-duration trials, particularly in 

sarcopenic and osteopenic populations. 

 

Key words: creatine, ageing, resistance training, muscle mass, sarcopenia, dynapenia, 

osteoporosis 

 

 

 

1. Introduction 

Aging leads to progressive declines in skeletal muscle strength and mass as well as bone 

density(1). These changes contribute to reduced physical capacity(2), impaired mobility, 

increased functional dependence, and diminished quality of life in older adults(3). 

As global populations continue to age(4), the clinical and public health impact of 

musculoskeletal decline is becoming increasingly significant. Rising life expectancy means that 

a growing proportion of older adults are exposed for longer periods to age-associated muscle 

weakness and bone fragility, resulting in increased risks of falls, fractures, hospitalization, and 

long-term care dependency(5). These trends underscore the need for effective, accessible, and 

evidence-based interventions that preserve musculoskeletal function and support healthy aging. 
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Sarcopenia is recognised as an important manifestation of age‑related musculoskeletal 

decline(6). While no single definition exists, several international and regional expert groups 

have established their criteria. The European Working Group on Sarcopenia in Older People 

(EWGSOP/EWGSOP2) and the Foundation for the National Institutes of Health (FNIH) 

Sarcopenia Project have each specified diagnostic criteria used widely in Europe and globally. 

Despite methodological differences, both these groups describe sarcopenia through two key 

features: reduced muscle mass and diminished muscle strength(6,7). The related term 

dynapenia is often used to specifically denote the age‑associated loss of muscle strength, 

highlighting the importance of strength decline as a core component of functional 

impairment(7). 

Prevalence estimates highlight the scale of this challenge. Muscle weakness and mobility 

limitations affect a substantial proportion of older adults, increasing sharply with advancing 

age. Sarcopenia affects approximately 10–27% of adults(8). In parallel, age-related bone loss 

further contributes to morbidity and mortality in older populations. Osteoporosis and fragility 

fractures represent major public health concerns, particularly among postmenopausal women 

and older men, and are associated with substantial healthcare utilization and long-term 

disability(9). The close interrelationship between muscle weakness, impaired balance, and 

skeletal fragility reinforces the concept of a coupled muscle–bone unit, in which deterioration 

of one tissue amplifies vulnerability of the other. 

Creatine supplementation has emerged as a promising intervention to counteract aspects of age-

related musculoskeletal decline(10). Creatine is one of the most extensively studied nutritional 

supplements in exercise science and clinical research, largely due to its central role in cellular 

energy metabolism and its established ability to enhance adaptations to resistance training(11). 

As a key component of the phosphocreatine system, it supports rapid ATP regeneration(12), 

enhances training capacity, and contributes to improved muscle energetics. Importantly, 

intramuscular creatine stores tend to decline with age(13), suggesting that older adults may 

derive particular benefit from supplementation. These considerations provide a strong rationale 

for examining creatine’s potential to support muscle and bone health in later life. 

This review synthesises current evidence on the effects of creatine supplementation on muscle 

and bone strength in older adults, with emphasis on its clinical relevance, preventive potential, 

and key gaps that warrant further investigation. 
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2. Research materials and methods 

A literature review was conducted using PubMed, Google Scholar, and ResearchGate. Search 

terms included: creatine, creatine monohydrate, aging, older adults, sarcopenia, muscle strength, 

tendon, osteopenia and bone mineral density. Articles published between 2000 and 2025 were 

considered. Priority was given to peer‑reviewed original studies, systematic reviews, and 

meta‑analyses written in English. Reference lists of selected papers were also screened to 

identify additional relevant sources. Only studies addressing the effects of creatine 

supplementation on muscle, tendon, or bone health in adults were included in this review. 

 

3. Research results 

Cellular and Molecular Effects of Creatine 

In humans, the majority of total body creatine is stored in skeletal muscle (commonly reported 

as ~95%), with smaller pools distributed across tissues with high energy turnover such as the 

brain, heart, liver, and kidneys(12,14). Despite the predominance of storage in skeletal muscle, 

endogenous creatine synthesis occurs primarily in the kidney and liver, with contributions from 

other tissues including the pancreas(12,14). The total body creatine pool in an average adult 

male is commonly reported at ~120 g (free creatine plus phosphocreatine), with substantial 

individual variability largely driven by muscle mass(15). Creatinine and creatine phosphate are 

spontaneously converted to creatinine at a rate approximately 2% of total bodily creatine per 

day or approximately 2 g(15,16). According to Brosnan et al.(17) daily intake of creatine is 

about 1 g, with the remainder synthesized endogenously. The endogenous synthesis requires 

three different amino acids: glycine, arginine, and methionine with the synthesis of 1 g 

consuming a substantial amount (about 16%) of daily dietary glycine intake(17). Consistent 

with the absence of dietary creatine in plant-based foods, individuals consuming vegetarian or 

vegan diets rely almost entirely on endogenous synthesis and typically exhibit lower baseline 

intramuscular creatine stores, which is relevant because baseline status may modulate the 

magnitude of response to supplementation(15,18). 

At the cellular level, creatine is transported into skeletal muscle via the high-affinity sodium- 

and chloride-dependent creatine transporter(19).Once inside the cell, creatine participates in a 

single, reversible reaction catalysed by creatine kinase (CK) isoenzymes (cytosolic and 

mitochondrial), which interconverts creatine and phosphocreatine and buffers ATP/ADP during 

fluctuating energy demand(17,19). This Cr–PCr system is commonly conceptualised as having 

three integrated roles: 1) a temporal buffer, 2) a spatial buffer (or “phosphocreatine shuttle”), 
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and 3) a metabolic regulator(19). The first aspect refers to tissues where the energy demand 

highly fluctuates in time, such as in the skeletal or heart muscle tissue (which contain a major 

share of body creatine reserves). In the muscle tissue after the ATP expenditure during 

contraction the ATP reserves are readily replenished and the ADP levels are kept low due to 

the presence of CK near the sites of ATP utilisation (myofibrils). Thus the ATP levels are kept 

stable in time during muscle work(20). The spatial buffering function reflects the coupling 

between mitochondrial ATP production and cytosolic ATP utilisation: mitochondrial CK 

facilitates PCr formation near mitochondria, PCr then diffuses through the fibre, and cytosolic 

CK regenerates ATP in proximity to ATPases (e.g., at the myofibrils)(21).  

The third function of the Cr–PCr system is its role as a metabolic regulator. In this context, 

creatine supplementation has been linked to molecular changes consistent with enhanced 

anabolic capacity. A randomized placebo-controlled trial in humans showed that creatine 

supplementation markedly upregulated expression of mRNA and proteins involved in processes 

related to protein synthesis, satellite cell activity, DNA replication/repair, and cell survival; 

these biopsy-level changes were accompanied by increased fat-free mass and total body water 

in the creatine group(22). This changes cells are achieved via various mechanisms.  

One proposed mechanism is creatine’s osmotic effect: increased intracellular creatine increases 

cell water content, which can activate osmosensing pathways and shift signalling toward protein 

synthesis - anabolism(23,24). Importantly, creatine also appears to affect signalling 

independent of cell swelling, because other osmotic agents do not consistently reproduce these 

responses. Experimental work supports activation of pathways implicated in myogenic 

differentiation and hypertrophy, including p38 and Akt/PKB–p70S6K signalling(25) with other 

research pointing to activation of the IGF pathway potentially mediating the increase in muscle 

dry mass (26,27).Finally, creatine has been discussed as having anti-inflammatory and anti-

catabolic effects in certain contexts(28), although other evidence suggests that these effects may 

be contingent on limited calorie intake(29). 

Aging is associated with altered muscle energetics. Evidence from human studies suggests mild 

reductions in intramuscular PCr content and/or slower PCr recovery kinetics with age, with 

more pronounced alterations in sarcopenic muscle phenotypes(30). Importantly, creatine 

supplementation increases muscle total creatine and PCr availability in both young and older 

adults, and responses may be larger in individuals with lower baseline stores(31). 

This supports the concept that age-related energetic constraints are at least partially modifiable, 

particularly in contexts where baseline creatine status is reduced. 
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The mechanistic considerations also help explain endpoint-specific effects in clinical trials 

related to creatine. The phosphocreatine system is most stressed during short-duration, high-

intensity, repeated contractions where rapid ATP resynthesis is rate-limiting(32). This aligns 

with the observation that creatine’s benefits are most reproducible for resistance-training 

outcomes that involve repeated sets with incomplete recovery, and for multi-joint lower-limb 

tasks, whereas “single brief maximal isometric” outcomes (e.g., a one-off handgrip squeeze) 

may show smaller or more variable effects because they are less constrained by repeated PCr 

resynthesis demands. Put differently, the PCr system’s relevance increases when performance 

depends on repeated high-intensity efforts and recovery of PCr between efforts, which 

resembles typical resistance-training and functional sit-to-stand paradigms more than a single 

static handgrip trial(32,33). 

While skeletal muscle is the dominant creatine reservoir, creatine-dependent bioenergetics may 

also be relevant to bone cells because bone remodeling is an energy-requiring process. 

Theoretical and preclinical discussions propose that improved cellular energy buffering could 

support osteoblast activity and alter remodeling balance, and animal models have reported 

improved bone mechanical properties with creatine in some settings(10,34). In addition, 

broader anti-catabolic/anti-inflammatory effects described for creatine could plausibly 

influence bone turnover indirectly via reduced inflammatory signaling(35,36). 

A practical point, particularly relevant in geriatric populations, is that creatine supplementation 

can increase serum creatinine due to increased creatinine generation from a larger creatine pool, 

which can artifactually lower creatinine-based eGFR estimates without reflecting true renal 

injury(37). Across studies that directly assessed renal function using more robust approaches, 

creatine supplementation in generally healthy individuals has not been shown to cause renal 

damage, and meta-analytic summaries report no meaningful adverse effect on measured GFR 

overall(38). Clinically, this supports two implications for older adults: 1) a decline in creatinine-

based eGFR after starting creatine should be interpreted cautiously, and 2) if renal safety needs 

confirmation, clinicians should consider confirmatory testing strategies beyond creatinine-

based eGFR alone (e.g., cystatin C–based estimates or measured clearance, depending on 

context)(37,38). 

 

Effects of Creatine Supplementation on Skeletal Muscle in Older Adults 

A foundational meta-analysis from 2014 by Devries et al. (39) examined 357 adults aged 55 

years and older and compared the effects of creatine supplementation combined with resistance 

training versus resistance training alone on skeletal muscle outcomes. The pooled analysis 
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demonstrated statistically significant increases in total body mass and fat-free mass in the 

creatine groups. In terms of dynamic strength, creatine supplementation in conjunction with 

resistance training resulted in significantly greater improvements in leg press and chest press 

strength compared with resistance training plus placebo. Importantly, a significant benefit was 

also observed for functional performance, assessed using the 30-second chair stand test, 

highlighting potential clinical relevance beyond isolated strength measures.  

A subsequent meta-analysis published in 2017 by Chilibeck et al. (40) expanded the evidence 

base to 721 participants aged 57 years and older and reported largely concordant findings, 

confirming greater gains in lean tissue mass and muscular strength when creatine 

supplementation was combined with resistance training. Building on this work, the meta-

analysis by Forbes et al. (41) broadened the subject with consideration on creatine dosing 

strategies. This analysis demonstrated that both lower (<5 g/day) and higher (≥5 g/day) daily 

creatine doses significantly increased lean tissue mass compared with placebo when combined 

with resistance training. Strength outcomes varied by protocol: upper-body strength (chest press) 

improved significantly in studies using a creatine loading phase followed by lower maintenance 

doses, whereas improvements in lower-body strength (leg press) were more consistently 

observed in protocols employing a loading phase followed by higher daily maintenance doses. 

While these findings suggest that dosing strategies may influence strength adaptations, the 

authors emphasized substantial heterogeneity across trials, precluding firm recommendations 

regarding optimal dosing for specific strength outcomes. 

Evidence for creatine supplementation in the absence of structured resistance training is less 

consistent. Meta analysis by Candow et al (36) also looked into effects of creatine 

supplementation without resistance training in an aging population. The results were mixed 

with higher doses of creatine reducing body fatigue and low doses as well as acute bolus 

ingestion failing to significantly improve performance. Collectively, these findings indicate that 

creatine’s effects on skeletal muscle are most robust and reproducible when supplementation is 

combined with progressive resistance exercise. 

Although most meta-analyses have relied on leg press and chest press one-repetition maximum 

tests as proxies for muscle strength, contemporary sarcopenia definitions place greater emphasis 

on handgrip strength and chair rise performance. The European Working Group on Sarcopenia 

in Older People (EWGSOP2) highlights these measures as key predictors of adverse outcomes, 

disability, and reduced quality of life. (6).In this context, a recent systematic review and meta-

analysis by Davies et al. published in 2024 (42) pooled randomized controlled trials assessing 

creatine supplementation and physical performance measured by sit-to-stand tests in older 
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adults and populations at risk of functional disability. Creatine supplementation was associated 

with a significant improvement in sit-to-stand performance compared with placebo, with a 

pooled standardized mean difference of 0.51 (95% CI: 0.01–1.00; p = 0.04), corresponding to 

a moderate effect size. Bayesian analysis further suggested a 66.7% probability that creatine 

improves physical function in this population, supporting earlier observations reported by 

Devries et al. (39).  

In contrast, the impact of creatine supplementation on handgrip strength remains inconsistent. 

While the 2024 analysis by Davies et al. (39) reported improvements in handgrip strength as a 

secondary outcome in mixed cohorts that included patients with chronic disease, meta-analyses 

focused specifically on older adults have generally not demonstrated a statistically significant 

benefit. The largest and most recent strength-focused meta-analysis reported no significant 

improvement in handgrip strength with creatine supplementation in older adults (weighted 

mean difference 4.26 kg, p = 0.10) (33). These findings suggest that any effect of creatine on 

handgrip strength may be small, context-dependent, or limited to specific subgroups, and that 

lower-limb strength and functional performance measures may be more responsive endpoints 

in aging populations. 

Taken together, the available evidence indicates that creatine supplementation, particularly 

when combined with resistance training, consistently enhances lean tissue mass, dynamic 

strength, and chair-rise performance in older adults. However, most randomized trials have 

enrolled generally healthy older individuals rather than cohorts with formally diagnosed 

sarcopenia according to EWGSOP2 criteria. As a result, while the observed improvements in 

lower-limb strength and functional performance are highly relevant to sarcopenia-related 

disability, further trials specifically targeting sarcopenic populations and employing 

standardized diagnostic endpoints are needed to clarify the therapeutic role of creatine in this 

condition. 

 

Effects of Creatine Supplementation on Bone Health in Older Adults 

Studies on animal models found varying results when it comes to the influence of creatine on 

bone strength. One study found that rats fed with creatine enriched diet significantly increased 

their lumbar bone mineral density while distant femoral density was not significantly greater 

comapred compared to normal diet. Despite that the load to failure for rats’ femurs assessed 

post mortem was significalntly higher in group consuming creatine (43). Another study which 

assessed response to creatine supplementation specifically in a rat model of osteoporosis found 

it had no effect on bone mass (44). Similarly human studies trials in humans found mixed results. 
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In a randomised trial of 237 post-menopausal women creatine supplementation with resistance 

training over 2 years had no effect on BMD at the femoral neck, total hip, or lumbar spine 

compared to placebo with resistance training. However the creatine group preserved 

significantly geometric properties of the proximal femur such as sectional modulus and 

buckling ratio at the narrow part of the femoral neck, and cortical thickness, subperiosteal width, 

section modulus, and buckling ratio at the femoral shaft. Those properties were observed to 

deteriorate in the control group (45). The geometric properties of the femur were found to be 

significantly predictive of incidental hip fractures (46) with some of them like the buckling ratio 

being independent from bone mineral density in multivariate modeling (47). It is important to 

note that areal bone mineral density assessed by DXA represents only one component of bone 

strength and does not fully capture structural and geometric properties that contribute 

independently to fracture resistance (48). Another randomised trial assessed creatine's impact 

in the group of post menopausal women already diagnosed with osteopenia. Similarly to results 

from the animal model after two years there were no improvements observed in terms of bone 

health (49). When it comes to studies in older men a small randomised trial of 29 men of median 

age of 71 showed a significant increase in leg bone mineral density after 12 weeks with creatine 

and resistance training (50). However another small randomised trial with a longer 8 month 

observation time of healthy ageing adults found no benefit from creatine supplementation 

irrespective of dosing timing (51). Another clinical trial studied seventy people (both men and 

women) with mean age of 58 and assessed other bone geometry parameters with creatine 

supplementation significantly increasing total bone area in the distal tibia and tibial shaft 

compared to placebo (52). The big limitation of the previously mentioned trials was the low 

sample size allowing for spuriously significant results and limiting the detection of significant 

differences at the same time. Notably, few of the available randomized trials systematically 

assessed biochemical markers of bone turnover, limiting insight into whether creatine 

supplementation exerts subtle effects on bone remodeling processes that may not be captured 

by DXA-derived endpoints (36). Two major meta analyses were studied to report pooled results. 

A paper by Forbes at al (53) included 5 trials with a total of 193 participants above the age of 

50 or post-menopausal. It found no significant effects of creatine vs placebo with resistance 

training in terms of whole body, hip, femoral neck and lumbar spine bone mineral density. A 

recent meta analysis by Sharifian et al (54) included a total of 1093 adults at the age of 55 or 

older. It analyzed randomised trials with intervention lasting at least two weeks where a group 

with creatine supplementation was compared to placebo with both groups on the same training 

regimen. The study showed no significant difference in bone mineral density between groups. 
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The authors stress that heterogeneity in intervention periods, creatine dosing regiments as well 

as training programmes in the studies pooled for the meta analysis necessitate further research 

into the subject. Current evidence does not support creatine supplementation as an effective 

strategy to increase areal bone mineral density in older adults. However, when combined with 

resistance training, creatine may help preserve or improve bone geometric properties associated 

with hip strength, suggesting a potential indirect role in fracture risk reduction that warrants 

further long-term, adequately powered trials. 

 

4. Discussion 

Across the available randomized trials and meta-analyses, the most consistent and clinically 

meaningful signal is that creatine supplementation potentiates adaptations to resistance training 

in older adults, improving lean mass and dynamic strength and translating to better performance 

in functional tasks such as sit-to-stand and chair-rise assessment which are closely aligned with 

contemporary sarcopenia frameworks and with disability risk. The mechanistic rationale for 

these effects is coherent: creatine increases intramuscular creatine/phosphocreatine availability, 

supporting rapid ATP resynthesis during repeated high-intensity contractions, thereby enabling 

higher training volume or quality and facilitating downstream anabolic remodeling responses. 

In contrast, the bone literature is less uniform: pooled effects on areal BMD are typically null 

even with prolonged supplementation, yet selected trials suggest preservation or improvement 

of hip structural geometry parameters that may contribute to mechanical strength independently 

of DXA-derived BMD. This divergence implies that creatine’s skeletal effects may be modest, 

indirect (via muscle-mediated loading and falls prevention), or better captured by 

structural/strength surrogates than by areal BMD alone. Key limitations of the evidence base 

include heterogeneity in dosing regimens (loading vs no loading, maintenance dose), training 

protocols, baseline creatine status (dietary pattern, muscle mass), and participant characteristics 

(generally healthy older adults vs those meeting formal sarcopenia criteria), as well as 

inconsistent assessment of bone turnover biomarkers and fracture-relevant outcomes. Safety 

considerations remain important in geriatric practice: creatine can increase serum creatinine and 

artifactually lower creatinine-based eGFR without implying renal injury, emphasizing the need 

for careful interpretation of kidney function markers in older adults and in those with 

comorbidity. 
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5. Conclusions 

Creatine supplementation, particularly when combined with progressive resistance training, is 

supported by the best available evidence as an effective adjunct to improve lean mass, muscular 

strength, and physical function in older adults—outcomes that are directly relevant to the 

prevention and management of sarcopenia and functional decline. In contrast, current data do 

not demonstrate a consistent benefit for increasing areal bone mineral density; nevertheless, 

preliminary signals for favorable effects on hip structural geometry and the strong muscle-

mediated pathway to falls reduction justify further investigation of creatine within integrated 

osteosarcopenia prevention strategies. Future trials should prioritize well-characterized older 

populations (including those with confirmed sarcopenia and/or osteopenia), standardized 

functional endpoints (e.g., chair-rise, gait speed), contemporary imaging beyond DXA where 

feasible (e.g., structural geometry or pQCT), and clinically relevant outcomes such as falls and 

fractures, while employing dosing regimens that are practical and generalizable across real-

world settings. 

 

Disclosure 

 

Author Contributions 

Conceptualisation: Paweł Michalak, Konrad Borowski, Oskar Pastuszek 

Methodology: Paweł Michalak, Konrad Borowski, Maja Radziwon 

Software: Konrad Borowski, Oskar Pastuszek 

Check: Oskar Pastuszek, Maja Radziwon, Emilia Bolesta-Okuniewska 

Formal analysis: Maja Radziwon, Emilia Bolesta-Okuniewska, Aleksandra Marchwińska-

Pancer 

Investigation: Emilia Bolesta-Okuniewska, Aleksandra Marchwińska-Pancer 

Resources: Aleksandra Marchwińska-Pancer, Katarzyna Kopeć 

Data curation: Katarzyna Kopeć, Julia Ceryn 

Writing-rough preparation: Paweł Michalak, Katarzyna Kopeć, Julia Ceryn 

Writing review and editing: Paweł Michalak, Anna Wicher 

Project administration: Anna Wicher 

All authors have read and agreed with the published version of the manuscript. 

 



13 

 

Funding 

The study did not receive special funding. 

Institutional Review Board Statement 

Not applicable. 

Informed Consent Statement 

Not applicable. 

Data Availability Statement 

Not applicable. 

Acknowledgements  

Not applicable. 

Conflicts of Interest 

The author declare no conflict of interest. 

 

Declaration of the Use of Generative AI and AI-Assisted Technologies in the Writing Process 

 

During the preparation of this work, the author(s) used ChatGPT 5.2 for the purpose of stylistic 

review. After using this tool/service, the author(s) reviewed and edited the content as needed 

and take(s) full responsibility for the substantive content of the publication. 

 

References 

 

1. Laurent MR, Dedeyne L, Dupont J, Mellaerts B, Dejaeger M, Gielen E. Age-related 

bone loss and sarcopenia in men. Maturitas. 2019;122:51-56. 

doi:10.1016/j.maturitas.2019.01.006 

2. Ghiotto L, Muollo V, Tatangelo T, Schena F, Rossi AP. Exercise and physical 

performance in older adults with sarcopenic obesity: A systematic review. Front 

Endocrinol. 2022;13:913953. doi:10.3389/fendo.2022.913953 

3. Beaudart C, Zaaria M, Pasleau F, Reginster JY, Bruyère O. Health Outcomes of 

Sarcopenia: A Systematic Review and Meta-Analysis. PloS One. 

2017;12(1):e0169548. doi:10.1371/journal.pone.0169548 

4. Ageing and health. Accessed December 4, 2025. https://www.who.int/news-room/fact-

sheets/detail/ageing-and-health 

5. Beard JR, Officer A, de Carvalho IA, et al. The World report on ageing and health: a 

policy framework for healthy ageing. Lancet Lond Engl. 2016;387(10033):2145-2154. 

doi:10.1016/S0140-6736(15)00516-4 

6. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised European consensus on 

definition and diagnosis. Age Ageing. 2019;48(1):16-31. doi:10.1093/ageing/afy169 



14 

7. Studenski SA, Peters KW, Alley DE, et al. The FNIH Sarcopenia Project: Rationale, 

Study Description, Conference Recommendations, and Final Estimates. J Gerontol A 

Biol Sci Med Sci. 2014;69(5):547-558. doi:10.1093/gerona/glu010 

8. Petermann-Rocha F, Balntzi V, Gray SR, et al. Global prevalence of sarcopenia and 

severe sarcopenia: a systematic review and meta-analysis. J Cachexia Sarcopenia 

Muscle. 2022;13(1):86-99. doi:10.1002/jcsm.12783 

9. Kanis JA, Cooper C, Rizzoli R, Reginster JY. European guidance for the diagnosis and 

management of osteoporosis in postmenopausal women. Osteoporos Int. 2019;30(1):3-

44. doi:10.1007/s00198-018-4704-5 

10. Candow DG, Chilibeck PD. Potential of creatine supplementation for improving aging 

bone health. J Nutr Health Aging. 2010;14(2):149-153. doi:10.1007/s12603-009-0224-

5 

11. Kreider RB, Kalman DS, Antonio J, et al. International Society of Sports Nutrition 

position stand: safety and efficacy of creatine supplementation in exercise, sport, and 

medicine. J Int Soc Sports Nutr. 2017;14:18. doi:10.1186/s12970-017-0173-z 

12. Wyss M, Kaddurah-Daouk R. Creatine and creatinine metabolism. Physiol Rev. 

2000;80(3):1107-1213. doi:10.1152/physrev.2000.80.3.1107 

13. Rawson ES, Venezia AC. Use of creatine in the elderly and evidence for effects on 

cognitive function in young and old. Amino Acids. 2011;40(5):1349-1362. 

doi:10.1007/s00726-011-0855-9 

14. Ostojic SM, Forbes SC. Perspective: Creatine, a Conditionally Essential Nutrient: 

Building the Case. Adv Nutr. 2021;13(1):34-37. doi:10.1093/advances/nmab111 

15. Brosnan JT, da Silva RP, Brosnan ME. The metabolic burden of creatine synthesis. 

Amino Acids. 2011;40(5):1325-1331. doi:10.1007/s00726-011-0853-y 

16. Kan HE, van der Graaf M, Klomp DWJ, Vlak MHM, Padberg GW, Heerschap A. 

Intake of 13C-4 creatine enables simultaneous assessment of creatine and 

phosphocreatine pools in human skeletal muscle by 13C MR spectroscopy. Magn 

Reson Med. 2006;56(5):953-957. doi:10.1002/mrm.21068 

17. Brosnan JT, Brosnan ME. Creatine: Endogenous Metabolite, Dietary, and Therapeutic 

Supplement. Annu Rev Nutr. 2007;27(1):241-261. 

doi:10.1146/annurev.nutr.27.061406.093621 

18. Venderley AM, Campbell WW. Vegetarian diets : nutritional considerations for 

athletes. Sports Med Auckl NZ. 2006;36(4):293-305. doi:10.2165/00007256-

200636040-00002 

19. Wallimann T, Tokarska-Schlattner M, Schlattner U. The creatine kinase system and 

pleiotropic effects of creatine. Amino Acids. 2011;40(5):1271-1296. 

doi:10.1007/s00726-011-0877-3 

20. Sahlin K, Harris RC. The creatine kinase reaction: a simple reaction with functional 

complexity. Amino Acids. 2011;40(5):1363-1367. doi:10.1007/s00726-011-0856-8 

21. Gabr RE, El-Sharkawy AMM, Schär M, Weiss RG, Bottomley PA. High-energy 

phosphate transfer in human muscle: diffusion of phosphocreatine. Am J Physiol - Cell 

Physiol. 2011;301(1):C234-C241. doi:10.1152/ajpcell.00500.2010 

22. Safdar A, Yardley NJ, Snow R, Melov S, Tarnopolsky MA. Global and targeted gene 

expression and protein content in skeletal muscle of young men following short-term 

creatine monohydrate supplementation. Physiol Genomics. 2008;32(2):219-228. 

doi:10.1152/physiolgenomics.00157.2007 

23. Safdar A, Yardley NJ, Snow R, Melov S, Tarnopolsky MA. Global and targeted gene 

expression and protein content in skeletal muscle of young men following short-term 

creatine monohydrate supplementation. Physiol Genomics. 2008;32(2):219-228. 

doi:10.1152/physiolgenomics.00157.2007 



15 

24. Farshidfar F, Pinder MA, Myrie SB. Creatine Supplementation and Skeletal Muscle 

Metabolism for Building Muscle Mass- Review of the Potential Mechanisms of Action. 

Curr Protein Pept Sci. 2017;18(12):1273-1287. 

doi:10.2174/1389203718666170606105108 

25. Deldicque L, Theisen D, Bertrand L, Hespel P, Hue L, Francaux M. Creatine enhances 

differentiation of myogenic C2C12 cells by activating both p38 and Akt/PKB 

pathways. Am J Physiol-Cell Physiol. 2007;293(4):C1263-C1271. 

doi:10.1152/ajpcell.00162.2007 

26. Deldicque L, Louis M, Theisen D, et al. Increased IGF mRNA in Human Skeletal 

Muscle after Creatine Supplementation. Med Sci Sports Exerc. 2005;37(5):731. 

doi:10.1249/01.MSS.0000162690.39830.27 

27. Ferretti R, Moura EG, dos Santos VC, et al. High-fat diet suppresses the positive effect 

of creatine supplementation on skeletal muscle function by reducing protein expression 

of IGF-PI3K-AKT-mTOR pathway. PLoS ONE. 2018;13(10):e0199728. 

doi:10.1371/journal.pone.0199728 

28. Cordingley DM, Cornish SM, Candow DG. Anti-Inflammatory and Anti-Catabolic 

Effects of Creatine Supplementation: A Brief Review. Nutrients. 2022;14(3):544. 

doi:10.3390/nu14030544 

29. Sun M, Jiao H, Wang X, et al. The regulating pathway of creatine on muscular protein 

metabolism depends on the energy state. Am J Physiol-Cell Physiol. 

2022;322(5):C1022-C1035. doi:10.1152/ajpcell.00447.2021 

30. Hinkley JM, Cornnell HH, Standley RA, et al. Older adults with sarcopenia have 

distinct skeletal muscle phosphodiester, phosphocreatine, and phospholipid profiles. 

Aging Cell. 2020;19(6):e13135. doi:10.1111/acel.13135 

31. Smith SA, Montain SJ, Matott RP, Zientara GP, Jolesz FA, Fielding RA. Creatine 

supplementation and age influence muscle metabolism during exercise. J Appl Physiol 

Bethesda Md 1985. 1998;85(4):1349-1356. doi:10.1152/jappl.1998.85.4.1349 

32. Sahlin K, Harris RC. The creatine kinase reaction: a simple reaction with functional 

complexity. Amino Acids. 2011;40(5):1363-1367. doi:10.1007/s00726-011-0856-8 

33. Kazeminasab F, Kerchi AB, Sharafifard F, et al. The Effects of Creatine 

Supplementation on Upper- and Lower-Body Strength and Power: A Systematic 

Review and Meta-Analysis. Nutrients. 2025;17(17):2748. doi:10.3390/nu17172748 

34. Antolic A, Roy BD, Tarnopolsky MA, et al. Creatine monohydrate increases bone 

mineral density in young Sprague-Dawley rats. Med Sci Sports Exerc. 2007;39(5):816-

820. doi:10.1249/mss.0b013e318031fac4 

35. Cordingley DM, Cornish SM, Candow DG. Anti-Inflammatory and Anti-Catabolic 

Effects of Creatine Supplementation: A Brief Review. Nutrients. 2022;14(3):544. 

doi:10.3390/nu14030544 

36. Candow DG, Forbes SC, Chilibeck PD, Cornish SM, Antonio J, Kreider RB. 

Effectiveness of Creatine Supplementation on Aging Muscle and Bone: Focus on Falls 

Prevention and Inflammation. J Clin Med. 2019;8(4):488. doi:10.3390/jcm8040488 

37. Longobardi I, Gualano B, Seguro AC, Roschel H. Is It Time for a Requiem for Creatine 

Supplementation-Induced Kidney Failure? A Narrative Review. Nutrients. 

2023;15(6):1466. doi:10.3390/nu15061466 

38. Naeini EK, Eskandari M, Mortazavi M, Gholaminejad A, Karevan N. Effect of creatine 

supplementation on kidney function: a systematic review and meta-analysis. BMC 

Nephrol. 2025;26(1):622. doi:10.1186/s12882-025-04558-6 

39. Devries MC, Phillips SM. Creatine Supplementation during Resistance Training in 

Older Adults—A Meta-analysis. Med Sci Sports Exerc. 2014;46(6):1194. 

doi:10.1249/MSS.0000000000000220 



16 

40. Chilibeck PD, Kaviani M, Candow DG, Zello GA. Effect of creatine supplementation 

during resistance training on lean tissue mass and muscular strength in older adults: a 

meta-analysis. Open Access J Sports Med. 2017;8:213-226. 

doi:10.2147/OAJSM.S123529 

41. Forbes SC, Candow DG, Ostojic SM, Roberts MD, Chilibeck PD. Meta-Analysis 

Examining the Importance of Creatine Ingestion Strategies on Lean Tissue Mass and 

Strength in Older Adults. Nutrients. 2021;13(6):1912. doi:10.3390/nu13061912 

42. Davies TW, Watson N, Pilkington JJ, et al. Creatine supplementation for optimization 

of physical function in the patient at risk of functional disability: A systematic review 

and meta-analysis. J Parenter Enter Nutr. 2024;48(4):389-405. doi:10.1002/jpen.2607 

43. Antolic A, Roy BD, Tarnopolsky MA, et al. Creatine monohydrate increases bone 

mineral density in young Sprague-Dawley rats. Med Sci Sports Exerc. 2007;39(5):816-

820. doi:10.1249/mss.0b013e318031fac4 

44. Alves CRR, Murai IH, Ramona P, et al. Influence of creatine supplementation on bone 

mass of spontaneously hypertensive rats. Rev Bras Reumatol. 2012;52(3):453-461. 

45. CHILIBECK PD, CANDOW DG, GORDON JJ, et al. A 2-yr Randomized Controlled 

Trial on Creatine Supplementation during Exercise for Postmenopausal Bone Health. 

Med Sci Sports Exerc. 2023;55(10):1750-1760. doi:10.1249/MSS.0000000000003202 

46. Kaptoge S, Beck TJ, Reeve J, et al. Prediction of Incident Hip Fracture Risk by Femur 

Geometry Variables Measured by Hip Structural Analysis in the Study of Osteoporotic 

Fractures. J Bone Miner Res. 2008;23(12):1892-1904. doi:10.1359/JBMR.080802 

47. LaCroix AZ, Beck TJ, Cauley JA, et al. Hip Structural Geometry and Incidence of Hip 

Fracture in Postmenopausal Women: What does it add to conventional bone mineral 

density? Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos 

Found USA. 2010;21(6):919-929. doi:10.1007/s00198-009-1056-1 

48. Turner CH. Bone Strength: Current Concepts. Ann N Y Acad Sci. 2006;1068(1):429-

446. doi:10.1196/annals.1346.039 

49. Sales LP, Pinto AJ, Rodrigues SF, et al. Creatine Supplementation (3 g/d) and Bone 

Health in Older Women: A 2-Year, Randomized, Placebo-Controlled Trial. J Gerontol 

Ser A. 2020;75(5):931-938. doi:10.1093/gerona/glz162 

50. Chilibeck PD, Chrusch MJ, Chad KE, Shawn Davison K, Burke DG. Creatine 

monohydrate and resistance training increase bone mineral content and density in older 

men. J Nutr Health Aging. 2005;9(5):352-353. 

51. Candow DG, Forbes SC, Vogt E. Effect of pre-exercise and post-exercise creatine 

supplementation on bone mineral content and density in healthy aging adults. Exp 

Gerontol. 2019;119:89-92. doi:10.1016/j.exger.2019.01.025 

52. Candow DG, Chilibeck PD, Gordon JJ, Kontulainen S. Efficacy of Creatine 

Supplementation and Resistance Training on Area and Density of Bone and Muscle in 

Older Adults. Med Sci Sports Exerc. 2021;53(11):2388. 

doi:10.1249/MSS.0000000000002722 

53. Forbes SC, Chilibeck PD, Candow DG. Creatine Supplementation During Resistance 

Training Does Not Lead to Greater Bone Mineral Density in Older Humans: A Brief 

Meta-Analysis. Front Nutr. 2018;5:27. doi:10.3389/fnut.2018.00027 

54. Sharifian G, Aseminia P, Heidary D, Esformes JI. Impact of creatine supplementation 

and exercise training in older adults: a systematic review and meta-analysis. Eur Rev 

Aging Phys Act. 2025;22(1):17. doi:10.1186/s11556-025-00384-9 

 


