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Abstract 22 

Creatine is one of the most widely used nutritional supplements and has a well-established 23 
role in cellular energy metabolism, skeletal muscle performance, and exercise capacity. 24 
More recently, growing evidence suggests that its biological effects extend beyond 25 
ergogenic benefits to include the preservation of muscle mass and strength, 26 
neuroprotection, modulation of inflammation and oxidative stress, and maintenance of 27 
cellular homeostasis. These properties are particularly relevant in clinical conditions 28 
characterized by sarcopenia, frailty, and neurocognitive impairment, including chronic 29 
kidney disease (CKD) and aging. At the same time, concerns persist about the renal safety 30 
of creatine supplementation, especially in individuals with impaired kidney function. 31 
Emerging data also indicate that creatine may influence gut physiology by modulating 32 
intestinal barrier integrity, immune responses, and inflammatory pathways. Given the 33 
widespread and growing use of creatine among athletes, older adults, and patients with 34 
chronic diseases, a comprehensive evaluation of its pleiotropic effects is timely. This 35 
narrative review aims to critically examine the current evidence regarding the renal safety 36 
of creatine supplementation, its effects in patients with CKD, and its potential benefits for 37 
sarcopenia, cognitive function, and the gut microbiota. Mechanistic, experimental, and 38 
clinical evidence is integrated to provide a comprehensive overview of creatine as a 39 
promising nutritional strategy for CKD management. 40 
 41 
Keywords: cognition, creatine, gut microbiota, intestinal health, kidney, sarcopenia 42 
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Introduction 44 

Creatine, derived from the Greek word Kreas (meat), was first identified in 1835 45 

by the French scholar Michel Chevreul as a component of skeletal muscle. However, it was 46 

only in 1847 that this was confirmed by the researcher Justus Liebig, who also noted that 47 

wild foxes had higher levels of creatine than captive foxes (1). 48 

Creatine is a naturally occurring guanidino compound, a member of a family of 49 

nitrogen-containing metabolites involved in arginine and energy metabolism. It is 50 

synthesized endogenously (~1 g/day) from the amino acids arginine, glycine, and 51 

methionine through a two-step process involving the kidneys, pancreas, and liver. In 52 

addition to endogenous synthesis, humans obtain approximately 1–2 g/day of creatine from 53 

dietary sources (2).  54 

Despite endogenous production and dietary intake, creatine supplementation has 55 

gained considerable attention because it can further increase intramuscular creatine stores 56 

beyond basal levels. Indeed, creatine supplementation is one of the most extensively 57 

studied and widely used ergogenic strategies, particularly among athletes and physically 58 

active individuals, due to its well-established ability to enhance muscle mass, strength, and 59 

exercise performance. These effects are primarily attributed to its central role in cellular 60 

energy metabolism, which increases phosphocreatine availability and facilitates rapid 61 

adenosine triphosphate (ATP) resynthesis, thereby attenuating fatigue and reducing protein 62 

degradation, branched-chain amino acid catabolism, and muscle proteolysis (3).  63 

In addition to its well-established ergogenic effects, accumulating evidence 64 

indicates that creatine exerts multiple pleiotropic actions, including cytoprotective effects, 65 

attenuation of oxidative stress and inflammation, preservation of mitochondrial function, 66 

regulation of apoptosis, and neuroprotective properties. These mechanisms may contribute 67 

to the beneficial effects of creatine supplementation in conditions characterized by muscle 68 

wasting and sarcopenia, particularly when combined with resistance exercise, supporting 69 

the rationale for investigating its potential therapeutic applications beyond sports nutrition 70 

(4–7).  71 

Therefore, creatine supplementation has been increasingly investigated as a 72 

possible adjuvant intervention in chronic conditions where energy metabolism is 73 

compromised and there is skeletal muscle dysfunction. This growing interest has recently 74 

extended to chronic kidney disease (CKD), a condition characterized by profound 75 

metabolic, nutritional, and functional disturbances that progressively impair skeletal 76 

muscle health and energy metabolism. Patients with CKD frequently experience 77 
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sarcopenia, muscle weakness, fatigue, reduced physical performance, cognitive 78 

impairment, chronic inflammation, and poor quality of life. Among these complications, 79 

sarcopenia is particularly prevalent and clinically relevant, as it is associated with impaired 80 

functional status, increased risk of hospitalization, progression to frailty, and higher 81 

mortality. Given the central role of creatine in cellular energy homeostasis, muscle 82 

metabolism, and mitochondrial function, these pathophysiological alterations provide a 83 

plausible biological rationale for investigating creatine supplementation as a potential 84 

adjunctive strategy in CKD (8–11). 85 

Despite these promising biological properties, the use of creatine in CKD remains 86 

controversial because of longstanding concerns regarding its renal safety. This concern 87 

largely stems from the fact that creatine metabolism increases serum creatinine 88 

concentrations and from the misconception that creatine itself may be nephrotoxic. Current 89 

evidence from healthy individuals and several non-CKD clinical populations has not 90 

demonstrated consistent adverse effects on kidney function when creatine is used at 91 

recommended doses. However, evidence regarding its renal safety in patients with CKD, 92 

particularly those not receiving dialysis, remains limited. Furthermore, the optimal dosage, 93 

long-term safety profile, and potential effects of creatine supplementation on CKD 94 

progression have not yet been established (12,13). 95 

This narrative review aims to critically examine the available evidence on the 96 

effects of creatine supplementation on kidney health, sarcopenia, and emerging evidence 97 

regarding cognition and gut microbiota, with particular emphasis on its potential 98 

application in CKD. We discuss mechanistic pathways, preclinical and clinical findings, 99 

renal safety considerations, methodological limitations of the available literature, and 100 

critical knowledge gaps that should be addressed in future studies to better define the 101 

efficacy, safety, and potential role of creatine supplementation in the management of 102 

patients with CKD. 103 

Methods 104 

This narrative review was conducted using a structured literature search to identify 105 

and synthesize the available evidence regarding creatine supplementation and its potential 106 

implications for CKD. Electronic searches were performed in the PubMed/MEDLINE, 107 

Scopus, and Web of Science databases for articles published in English up to June 2026. 108 

The search strategy included combinations of the following keywords and Medical Subject 109 

Headings (MeSH), when applicable: creatine, creatine supplementation, chronic kidney 110 

disease, renal function, kidney health, hemodialysis, sarcopenia, skeletal muscle, physical 111 
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performance, cognition, gut microbiota, oxidative stress, and inflammation. Additional 112 

relevant publications were identified through manual screening of the reference lists of 113 

eligible articles. 114 

The review prioritized systematic reviews, meta-analyses, randomized controlled 115 

trials, and observational studies involving patients with CKD whenever available. Because 116 

clinical evidence in CKD remains limited for several topics addressed in this review, 117 

mechanistic studies, animal experiments, and investigations conducted in healthy 118 

individuals or other clinical populations were also included to provide biological context 119 

and support the discussion of potential mechanisms. Findings from these studies are 120 

presented with appropriate consideration of their level of evidence and are not intended to 121 

establish clinical efficacy or safety in patients with CKD. 122 

Studies were selected based on their relevance to one or more of the following 123 

topics: creatine metabolism, renal safety, skeletal muscle health, sarcopenia, physical 124 

function, cognition, gut microbiota, and potential therapeutic applications of creatine in 125 

CKD. Editorials, conference abstracts without sufficient methodological information, 126 

duplicate publications, and studies not directly related to the scope of this review were not 127 

considered. 128 

As this is a narrative review, no formal assessment of methodological quality or 129 

risk of bias was performed, and no quantitative evidence synthesis (meta-analysis) was 130 

undertaken. The objective was to critically appraise the current body of evidence, identify 131 

areas supported by clinical data, distinguish these from findings derived primarily from 132 

experimental research, and highlight important knowledge gaps to guide future 133 

investigations. 134 

Creatine 135 

Creatine (methylguanidinoacetic acid) is a naturally occurring nitrogen-containing 136 

guanidino compound synthesized from the amino acids glycine, arginine, and methionine. 137 

Although derived from amino acids, creatine is classified as a non-proteinogenic amino 138 

acid derivative rather than a peptide because it lacks peptide bonds (4).  139 

Creatine homeostasis depends on the balance between endogenous synthesis, 140 

dietary intake, tissue uptake, and intracellular utilization. Creatine is synthesized 141 

endogenously (predominantly in the kidneys) through a two-step pathway. First, L-142 

arginine: glycine amidinotransferase (AGAT) catalyzes the transfer of the amidino group 143 

from arginine to glycine, generating guanidinoacetate (GAA). Subsequently, in the liver, 144 

guanidinoacetate N-methyltransferase (GAMT) methylates GAA using S-145 
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adenosylmethionine, derived from methionine, to produce creatine. After entering the 146 

circulation, creatine is transported into target tissues by the sodium- and chloride-147 

dependent creatine transporter (SLC6A8), with approximately 95% stored in skeletal 148 

muscle and the remainder distributed mainly to the brain and other tissues. Within cells, 149 

creatine is reversibly phosphorylated by creatine kinase to phosphocreatine, which serves 150 

as a rapidly available high-energy phosphate reservoir for ATP regeneration during periods 151 

of increased energy demand (4,14)(Figure 1). Approximately 1–2% of total body creatine 152 

is spontaneously converted into creatinine each day and excreted by the kidneys (13).  153 

Because endogenous creatine synthesis partially occurs in the kidneys, CKD may 154 

influence creatine homeostasis through reduced renal synthetic capacity, dietary 155 

restrictions, impaired nutritional status, and progressive skeletal muscle wasting. However, 156 

the clinical relevance of these alterations and the extent to which they contribute to creatine 157 

deficiency in CKD remain incompletely understood. 158 

In addition to endogenous production, dietary intake contributes an additional 1–2 159 

g of creatine per day, mainly from fish and fresh meats (Figure 2). Fish, particularly 160 

herring, show the highest creatine concentrations, followed by pork, salmon, and beef. 161 

Moderate levels are observed in tuna and chicken, while lower concentrations are found in 162 

cod and flounder. Milk contains negligible amounts of creatine (15). 163 

Given its fundamental role in ATP regeneration and cellular energy homeostasis, 164 

creatine supplementation has been extensively investigated as a strategy to improve 165 

skeletal muscle performance and preserve lean body mass. Evidence from experimental 166 

studies and clinical trials suggests that the reported effects of creatine supplementation on 167 

skeletal muscle are mediated by three interconnected mechanisms: (1) osmotic regulation 168 

of cellular signaling, (2) stimulation of myogenic and anti-catabolic pathways, and (3) 169 

enhanced energy availability, since it increases intramuscular phosphocreatine (PCr) stores 170 

by approximately 20%, thereby expanding the readily available high-energy phosphate 171 

pool used to regenerate ATP during high-intensity exercise. This enhanced ATP buffering 172 

capacity delays fatigue, improves recovery between repeated exercise bouts, and enables 173 

greater training volume and intensity, ultimately contributing to increases in muscle mass 174 

and strength (16,17).  175 

Experimental studies suggest that creatine supplementation increases intracellular 176 

osmotic pressure and muscle water content, which may act as anabolic stimuli promoting 177 

cell growth. Creatine has also been shown in experimental models to modulate several 178 

signaling pathways involved in muscle hypertrophy and regeneration, including PI3K–179 
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Akt–mTOR, SPHK1/MAPK/p38/MRFs, actin polymerization, and myoblast fusion, 180 

thereby enhancing muscle protein synthesis. Experimental evidence also suggests that 181 

creatine supplementation may attenuate muscle protein breakdown by reducing leucine 182 

oxidation, thereby preserving this essential amino acid for anabolic signaling rather than 183 

its utilization as an energy substrate (17,18) (Figure 3). Although these mechanisms 184 

provide a plausible biological rationale for creatine supplementation, their clinical 185 

relevance in patients with CKD has not yet been fully established owing to the limited 186 

number of adequately powered clinical trials. 187 

Creatine monohydrate is the most extensively studied form of creatine 188 

supplementation. The traditional protocol consists of a loading phase of approximately 20 189 

g/day (0.3 g/kg/day) for 5–7 days, followed by a maintenance dose of 3–5 g/day (≈0.03 190 

g/kg/day). Although the loading strategy rapidly saturates muscle creatine stores, similar 191 

saturation can be achieved after 3–4 weeks with daily doses of 3–5 g alone (19). Recent 192 

estimates suggest an adequate intake of approximately 400 mg/day for men and 240 193 

mg/day for women to maintain creatine homeostasis (15). 194 

Regulatory recommendations for creatine supplementation differ across countries. 195 

EFSA (Europe) recognizes efficacy at intakes ≥3 g/day, whereas Anvisa (Brazil) considers 196 

up to 5 g/day safe. In contrast, the FDA (USA) does not establish specific dose 197 

recommendations, regulating creatine as a dietary supplement, while ANSES (France) 198 

adopts a more conservative limit of 3 g/day (20–23). These recommendations, however, 199 

are intended for the general population and should not be interpreted as specific guidance 200 

for patients with CKD, for whom evidence regarding the optimal dose and long-term safety 201 

of creatine supplementation remains insufficient. 202 

Systematic reviews and meta-analyses consistently demonstrate that creatine 203 

supplementation improves muscle strength, lean body mass, and physical performance in 204 

healthy individuals, particularly when combined with resistance exercise (Table 1). These 205 

findings provide a strong biological rationale for investigating creatine supplementation as 206 

an adjunctive strategy to counteract sarcopenia and functional decline in CKD. Indeed, 207 

studies have consistently reported no increased risk of adverse events or clinically 208 

meaningful evidence of renal toxicity associated with creatine monohydrate 209 

supplementation across a broad range of doses and supplementation protocols. For 210 

example, a recent meta-analysis including 684 randomized controlled trials and more than 211 

12,800 participants confirmed the favorable overall safety profile of creatine monohydrate 212 

(24).  213 
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However, whether these benefits translate to patients with kidney disease remains 214 

uncertain because the available CKD-specific evidence is limited, being derived primarily 215 

from small, short-term studies and should be interpreted with caution until confirmed by 216 

adequately powered randomized clinical trials (24). These uncertainties highlight the need 217 

for well-designed randomized controlled trials incorporating robust assessments of kidney 218 

function and clinically relevant renal outcomes before creatine supplementation can be 219 

routinely recommended for patients with CKD. 220 

Creatine Supplementation and Renal Function  221 

Despite longstanding concerns regarding renal safety, current evidence has not 222 

demonstrated consistent adverse effects of creatine monohydrate supplementation on 223 

kidney function when consumed at recommended doses in healthy individuals and other 224 

non-CKD clinical populations. Creatine supplementation may transiently increase serum 225 

creatinine concentrations as a consequence of increased creatine turnover and the 226 

spontaneous conversion of creatine to creatinine rather than as a result of impaired kidney 227 

function (13,25,26). Consequently, creatinine-based estimates of glomerular filtration rate 228 

(eGFR) should be interpreted cautiously during creatine supplementation, as changes in 229 

serum creatinine may not accurately reflect changes in kidney function (12).  230 

Clinical studies and systematic reviews conducted predominantly in healthy 231 

individuals have generally reported no adverse effects on estimated glomerular filtration 232 

rate (eGFR), proteinuria, albuminuria, or other routinely assessed markers of kidney injury. 233 

Lugaresi et al. (2013) evaluated healthy resistance-trained individuals who were 234 

supplemented with creatine monohydrate using a loading phase of 20 g/day for 5 days, 235 

followed by 5 g/day for 3 months, and found no impairment in renal function(26). 236 

Complementary observational analyses also found no association between creatine 237 

supplementation and impaired kidney function, further supporting its apparent renal safety 238 

in individuals without pre-existing kidney disease (27). Nevertheless, these findings cannot 239 

be directly extrapolated to patients with CKD because the underlying renal physiology and 240 

susceptibility to kidney injury differ substantially between these populations. 241 

A systematic review and meta-analysis evaluating the renal safety of creatine 242 

supplementation found no evidence that creatine induces kidney damage within the doses 243 

and intervention periods investigated (28). Another systematic review of 21 studies and a 244 

meta-analysis of 12 studies found that creatine supplementation was associated with a small 245 

increase in serum creatinine, particularly during the first week, but no significant change 246 

in eGFR (12). More recently, Tsiaras et al. (2026) conducted another systematic review 247 
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and meta-analysis of 19 RCTs and 1 double-blind crossover study and observed that 248 

creatine supplementation was associated with a modest increase in serum creatinine, but 249 

no significant changes in blood urea concentrations or eGFR compared with placebo (13). 250 

Importantly, the majority of participants included in these meta-analyses were 251 

healthy individuals or patients without CKD. Consequently, although these findings 252 

support the absence of consistent nephrotoxicity in these populations, they do not establish 253 

the renal safety of creatine supplementation in patients with CKD, particularly those not 254 

receiving dialysis or those undergoing long-term supplementation.  255 

Although serum creatinine is the most commonly reported marker in studies 256 

evaluating creatine supplementation, interpretation of this biomarker requires caution. 257 

Creatinine-based estimates of GFR may underestimate renal function during 258 

supplementation. Therefore, future clinical trials evaluating the renal safety of creatine 259 

supplementation in CKD should incorporate renal outcomes that are not influenced by 260 

creatine metabolism, including cystatin C-based eGFR, directly measured GFR whenever 261 

feasible, albuminuria or proteinuria, biomarkers of tubular injury, and clinically 262 

meaningful renal outcomes such as CKD progression, acute kidney injury, initiation of 263 

kidney replacement therapy, and mortality. Such measures are particularly relevant for 264 

studies involving patients with CKD, in whom accurate assessment of kidney function is 265 

essential  (13,29).  266 

Although evidence remains limited, randomized clinical trials conducted in selected 267 

chronic disease populations without advanced CKD have similarly reported no clinically 268 

meaningful deterioration in kidney function following creatine supplementation. These 269 

studies provide supportive safety data; however, they should be interpreted within the 270 

context of their specific populations and should not be considered direct evidence for 271 

patients with CKD. 272 

A randomized, double-blind, placebo-controlled trial in patients with symptomatic 273 

peripheral arterial disease observed that creatine monohydrate supplementation (20 g/day 274 

for 7 days, followed by 5 g/day for 7 weeks) was associated with improvements in walking 275 

distance, and no significant changes were observed in serum creatinine, creatinine 276 

excretion, or creatinine clearance (30). Similarly, a randomized crossover trial in juvenile 277 

dermatomyositis demonstrated that creatine supplementation (0.1 g/kg/day for 12 weeks) 278 

was well tolerated and did not affect kidney function, although no clinical benefits were 279 

observed (31). Another randomized, placebo-controlled trial in patients with fibromyalgia 280 

showed that 16 weeks of creatine supplementation improved muscle strength and increased 281 
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intramuscular phosphocreatine content without affecting kidney function (32). In pediatric 282 

patients with systemic lupus erythematosus, 12 weeks of creatine supplementation (0.1 283 

g/kg/day) did not alter kidney function, as measured by the gold-standard Cr-EDTA 284 

clearance, and was not associated with adverse events, supporting the renal safety of 285 

creatine supplementation in this clinical population. No significant effects were observed 286 

on muscle function, body composition, or quality of life (33). In patients with Parkinson's 287 

disease, a randomized, placebo-controlled trial showed that over 2 years of 4 g/day creatine, 288 

no changes were observed in other markers of glomerular or tubular function, particularly 289 

cystatin C, indicating preserved kidney function (34). 290 

Taken together, these findings provide biological plausibility and supportive safety 291 

data for investigating creatine supplementation in CKD. However, evidence specific to 292 

CKD remains limited, being derived primarily from small, short-term studies in patients 293 

receiving hemodialysis. Therefore, adequately powered randomized clinical trials are still 294 

needed to determine the efficacy, optimal dosage, long-term renal safety, and potential 295 

effects of creatine supplementation on CKD progression before it can be recommended in 296 

this population. 297 

 298 

Creatine Supplementation in Patients with CKD  299 

The first clinical study investigating creatine supplementation in CKD was 300 

published in 2008 and included patients undergoing hemodialysis. Supplementation with 301 

2 g/day for four weeks primarily altered the circulating profile of guanidino compounds by 302 

suppressing endogenous creatine synthesis, without clinically relevant adverse effects. 303 

However, the study was designed to evaluate metabolic changes rather than functional or 304 

clinical outcomes (35). 305 

More than a decade later, a four-week randomized, double-blind, placebo-306 

controlled trial demonstrated that creatine supplementation (20 g/day for one week 307 

followed by 5 g/day for three weeks) was associated with improvements in malnutrition–308 

inflammation scores and attenuated lean body mass loss in patients undergoing 309 

hemodialysis compared with placebo (36). Subsequent small clinical studies have provided 310 

preliminary evidence suggesting that creatine supplementation may improve nutritional 311 

status and selected measures of physical function in patients undergoing hemodialysis. 312 

Improvements in lower-limb muscle strength and quality of life have also been reported 313 

when creatine supplementation was combined with neuromuscular electrical stimulation 314 

during dialysis sessions, although the lack of a control group limits interpretation of these 315 
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findings. Longer-term evidence comes from a one-year randomized, double-blind, 316 

placebo-controlled trial in patients undergoing hemodialysis, in which supplementation 317 

with 5 g/day of creatine monohydrate significantly increased body weight, fat-free mass, 318 

skeletal muscle mass index, and intracellular water. However, no significant changes were 319 

observed in malnutrition–inflammation scores over the course of the intervention (37).  320 

More recently, an eight-week pilot study administering 5 g/day of creatine 321 

immediately after dialysis sessions and once daily with a meal on non-dialysis days also 322 

demonstrated favorable effects on body composition, including increases in skeletal muscle 323 

mass, fat-free mass, intracellular water, and phase angle, in addition to improvements in 324 

Short Physical Performance Battery (SPPB) scores. However, no significant improvements 325 

in handgrip strength were observed during the relatively short intervention period (38). The 326 

pilot nature of this study and its limited duration preclude conclusions regarding sustained 327 

clinical benefits or long-term safety. 328 

Despite these encouraging preliminary findings, the available evidence remains 329 

limited and is largely restricted to patients undergoing maintenance hemodialysis. 330 

Evidence in non-dialysis CKD, peritoneal dialysis, and kidney transplant recipients is 331 

virtually absent, and the optimal dose, duration, route of administration, and combination 332 

with exercise or nutritional interventions remain undefined.  333 

These knowledge gaps are particularly relevant given the high prevalence of 334 

sarcopenia across all stages of CKD, a condition characterized by progressive losses of 335 

muscle mass, strength, and physical function that contribute substantially to disability, 336 

hospitalization, and mortality (39). Sarcopenia in CKD is driven by multiple mechanisms, 337 

including chronic inflammation, oxidative stress, metabolic acidosis, insulin resistance, 338 

hormonal disturbances, mitochondrial dysfunction, protein-energy wasting, physical 339 

inactivity, and aging, all of which contribute to impaired muscle protein synthesis, 340 

increased protein degradation, and reduced physical performance (9,10,40) (Figure 4). 341 

Resistance exercise and nutritional interventions remain the cornerstone of CKD 342 

management (40) and creatine may represent a promising nutritional strategy that enhances 343 

phosphocreatine availability, supports ATP regeneration, promotes anabolic signaling 344 

(Akt/mTOR), attenuates muscle protein breakdown, and reduces oxidative stress. 345 

Moreover, patients undergoing hemodialysis may be particularly susceptible to creatine 346 

deficiency due to reduced endogenous synthesis, dietary restrictions, and creatine losses 347 

during dialysis; however, current evidence in CKD remains preliminary, and adequately 348 
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designed randomized clinical trials are needed before routine clinical use can be 349 

recommended. (41) 350 

Beyond its established role in skeletal muscle bioenergetics, creatine 351 

supplementation has increasingly been investigated as a potential nutritional intervention 352 

with systemic metabolic effects. Experimental studies and a growing number of clinical 353 

investigations suggest that creatine supplementation may influence cellular energy 354 

metabolism, mitochondrial function, oxidative stress, inflammation, immune responses, 355 

and tissue repair (4,42). These observations provide a biological rationale for investigating 356 

creatine supplementation as a potential adjunctive intervention for conditions characterized 357 

by sarcopenia, cognitive decline, metabolic dysfunction, and chronic disease.  358 

 359 

Emerging Therapeutic and Systemic Effects of Creatine 360 

Cognitive Function 361 

Creatine has been hypothesized to support cognitive function primarily through its 362 

role in cerebral energy metabolism. Experimental evidence suggests that increasing brain 363 

phosphocreatine stores may facilitate rapid ATP regeneration through the creatine kinase 364 

system, thereby maintaining neuronal energy homeostasis during periods of increased 365 

metabolic demand. Preclinical studies further suggest that creatine may preserve 366 

mitochondrial function, reduce oxidative stress and neuroinflammation, buffer intracellular 367 

pH, and modulate signaling pathways involved in synaptic plasticity, including PI3K–Akt–368 

mTOR, providing a biological rationale for potential effects on learning, memory, and 369 

neuronal resilience (43–45). 370 

Recent systematic reviews suggest that creatine supplementation may improve 371 

cognitive performance, particularly in memory, attention, and processing speed, although 372 

the magnitude and consistency of these effects vary substantially across populations and 373 

study designs (46–49). Potential benefits have been reported more consistently among 374 

individuals with increased cerebral energy demands or lower baseline creatine availability, 375 

including older adults, vegetarians, and sleep-deprived individuals, whereas evidence in 376 

healthy young adults remains inconsistent (19,47,50). Overall, the available evidence 377 

provides a biological rationale for further investigation of creatine supplementation as a 378 

potential nutritional strategy to support cognitive function under conditions of metabolic 379 

stress. However, the current clinical evidence remains heterogeneous and insufficient to 380 

establish efficacy, particularly in patients with CKD, in whom no adequately powered 381 
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randomized clinical trials have specifically evaluated cognitive outcomes. Larger, well-382 

designed studies are required before clinical recommendations can be made. 383 

 384 

Inflammation  385 

Beyond its established effects on muscle bioenergetics, experimental evidence 386 

suggests that creatine may exert broader biological actions, including modulation of 387 

oxidative stress and inflammatory signaling. Experimental and animal studies suggest that 388 

creatine may exert anti-inflammatory and antioxidant effects by attenuating microglial 389 

activation, reducing pro-inflammatory cytokines (e.g., IL-1β, IL-6, and TNF-α), 390 

suppressing NF-κB signaling, and enhancing antioxidant defenses through pathways 391 

involving AMPK/Nrf2 and SIRT3 (51–53). However, these mechanistic findings have not 392 

been consistently confirmed in human clinical studies. For example, a randomized 393 

controlled trial in older adults found no significant effects of creatine supplementation on 394 

inflammatory biomarkers, and a recent systematic review and meta-analysis likewise 395 

reported no significant changes in CRP or IL-6, although the available evidence was based 396 

on a small number of studies with limited sample sizes (54,55). 397 

 398 

Gut microbiota 399 

Experimental studies have suggested that creatine supplementation may influence 400 

gut microbiota composition and intestinal homeostasis (56–58). However, current evidence 401 

in humans is scarce, heterogeneous, and largely limited to exploratory or low-quality 402 

studies. Consequently, no definitive conclusions can be drawn regarding the effects of 403 

creatine supplementation on the gut microbiota. Important knowledge gaps remain 404 

regarding its effects on inflammation, epithelial integrity, barrier function, and microbiome 405 

composition. 406 

Experimental studies in fish have demonstrated that dietary creatine 407 

supplementation modulates gut microbiota composition, improves intestinal integrity, 408 

reduces intestinal inflammation, and increases the production of beneficial metabolites, 409 

supporting the biological plausibility of a potential role in maintaining intestinal 410 

homeostasis and gut–brain communication (56,59). In a murine model of colitis-associated 411 

colorectal cancer, creatine supplementation attenuated intestinal inflammation and 412 

tumorigenesis, increased gut microbiota diversity, promoted anti-inflammatory 413 

macrophage polarization, and inhibited NF-κB signaling, providing further mechanistic 414 
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evidence for a possible role in maintaining intestinal homeostasis and modulating host–415 

microbiota interactions (58). 416 

Although these experimental findings suggest a possible relationship between 417 

creatine supplementation and gut health, evidence from human studies remains insufficient 418 

to confirm this association (60).  419 

 420 

Final Remarks 421 

Experimental studies and clinical investigations conducted predominantly in 422 

healthy individuals and non-CKD clinical populations suggest potential favorable effects 423 

on muscle mass, strength, and physical performance. Although clinical and experimental 424 

studies suggest that creatine supplementation may influence cognitive function and cellular 425 

pathways involved in inflammation, oxidative stress, and energy metabolism, the available 426 

clinical evidence remains limited and heterogeneous (Figure 5). 427 

Importantly, available clinical evidence has not demonstrated consistent adverse 428 

renal effects of creatine monohydrate supplementation when consumed at recommended 429 

doses in healthy individuals and several non-CKD clinical populations. Transient increases 430 

in serum creatinine are generally attributed to creatine metabolism rather than intrinsic 431 

renal injury; however, they may complicate the interpretation of creatinine-based estimates 432 

of kidney function. Therefore, future clinical studies should incorporate complementary 433 

markers of kidney function, including cystatin C, measured glomerular filtration rate, 434 

albuminuria or proteinuria, biomarkers of tubular injury, and clinically meaningful renal 435 

outcomes. 436 

Nevertheless, evidence regarding creatine supplementation in CKD remains limited 437 

and is derived predominantly from small, short-term studies involving patients undergoing 438 

maintenance hemodialysis. Although preliminary studies have reported improvements in 439 

body composition, muscle mass, and physical function without major safety concerns, 440 

robust conclusions regarding efficacy, optimal dosage, long-term renal safety, and potential 441 

effects on CKD progression across the spectrum of CKD cannot yet be drawn. In addition, 442 

important outcomes such as CKD progression, kidney failure, hospitalization, quality of 443 

life, and mortality have rarely been evaluated. 444 

Overall, the available evidence provides a biological rationale for investigating 445 

creatine supplementation as a potential adjunctive strategy in CKD, particularly given the 446 

high burden of sarcopenia, protein-energy wasting, frailty, and functional impairment in 447 

this population. However, the current evidence is insufficient to support routine clinical 448 
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use. Adequately powered, multicenter, independently funded randomized controlled trials 449 

with longer follow-up are needed to determine the efficacy of creatine supplementation, 450 

establish the optimal supplementation regimen, evaluate long-term renal safety using 451 

robust kidney function measures beyond serum creatinine, and determine whether creatine 452 

supplementation influences CKD progression before it can be routinely recommended for 453 

patients with CKD. 454 

If future high-quality clinical trials confirm its efficacy, define optimal dosing 455 

strategies, and demonstrate long-term renal safety across different CKD stages, creatine 456 

supplementation could become an accessible, low-cost adjunct to current strategies aimed 457 

at preserving muscle health, functional capacity, and quality of life in patients with CKD. 458 

Until such evidence becomes available, creatine supplementation in CKD should be 459 

regarded as an investigational strategy rather than part of routine clinical practice. 460 
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 777 
Table 1. Summary of systematic reviews and meta-analyses evaluating the effects of creatine supplementation on muscle mass, strength, and 778 

physical performance in healthy individuals. 779 

Study Population Number of Studies 
(Participants) 

Intervention Main Findings Dose Recommendation by 
the study 

Santos et al., 
(2021)(61) 

Older Female 
adults 

10 RCTs (n = 211) Creatine + 
resistance training 

 upper-body strength; no 
significant effect on muscle 
mass 

20g/d for 5-7 days, followed 
by 5g/d, or a relative dose of 
0.1g/kg/d. 

Forbes et al. 
(2021)(62) 

Older adults Updated meta-
analysis of  

22 RCTs (n = 721) 

Creatine + 
resistance training 

 in lean tissue mass and 
strength regardless of dosing 
strategy;  

≤5 g/day - chest press 
strength,  

>5 g/day - leg press 
strength. 

20 g/day for 5–7 days, 
followed by 5 g/day, or a 
relative dose of 0.1 g/kg/day. 

Delpino et al., 
(2022)(63) 

Young, middle-
aged and older 

adults 

35 RCTs (n = 1,192) Creatine + 
resistance training 

 lean body mass 
>effects were observed in 
males Creatine without 
exercise was not effective for 
increasing lean mass. 

3–5 g/day or 0.1 g/kg/day, 
generally combined with 
resistance training programs 
lasting 6–52 weeks. 

Candow et al., 
(2023)(64) 

Healthy adults 
<50 years of age 

12 RCTs (n = 266) Creatine + 
resistance training  

Very small reduction in body 
fat percentage (−1.19%);  
 absolute fat mass. 

Protocols ranging from ≤5 
g/day to >5 g/day  

Burke et al., 
(2023)(65) 

Adults  10 RCTs (>40 
outcomes) 

Creatine + 
resistance training 

 upper- and lower-body 
muscle thickness, especially 
in younger adults 

~20 g/day for 5–7 days 
followed by 3–5 g/day, or 
continuous supplementation 
of 3–5 g/day during resistance 
training. 

Wang et al., 
(2024)(66) 

Adults <50 years 23 RCTs (n= 509) Creatine + 
resistance training 

 upper- and lower-body 
strength; >effects in men 

2–10 g/day or 0.03–0.22 
g/kg/day; loading phase not 
strictly necessary for RT ≥ 4 
weeks. 

Kazeminasab et 
al., (2025)(67) 

Healthy adults 69 RCTs (~2,000 
participants) 

Creatine vs placebo  in bench press, squat, and power 
performance 

 ~ 20 g/day for 5–7 days 
followed by a 3–5 g/day, or 
continuous supplementation 
of 3–5 g/day 

Ashtary-Larky 
et al., 

(2025)(68) 

Novice and 
experienced 

resistance-trained 
individuals 

61 RCTs (~ 1,457 
participants) 

Creatine + 
resistance training 

vs placebo 

↑ fat-free mass and body 
mass, particularly in 
experienced resistance-trained 
individuals;  
 fat mass or body fat % 

~20 g/day for 5–7 days 
followed by 3–5 g/day, as 
well as continuous daily 
supplementation protocols. 

Liu et al. 
(2025)(69) 

Untrained older 
men and 

postmenopausal 
women 

8 RCT (~ 482 
participants) 

Creatine + 
resistance training 

vs placebo 

↑ lower limb strength and 

lean mass upper extremity 
muscle strength. 

1 trial used 0.14 g/kg/day 
[33], 1 trial used 5 g/day [36], 
and 6 trials used 0.1 g/kg/day 

Gu et al. 
(2026)(70) 

Healthy young 
men 

37 RCTs Creatine with or 
without resistance 

training 

↑ lean mass, strength, and 
anaerobic performance, 
especially when combined 
with resistance training. 

20 g/day for 5–7 days 
followed by 2–10 g/day 
maintenance; alternative 
protocols ranged from 0.07–
0.3 g/kg/day 

Naddafha et al. 
(2026)(71) 

Postmenopausal 
women 

7 RCT (608 
participants) 

Creatine + 
resistance training 
and no structured 

exercise 

small-to-moderate strength 
gains modest ↑ in lean mass 
  bone loss 

3 trials used 5 g/day, 1 trial 
used 3 g/day for 2 years, 1 
trial used 1 g/day for 1 year, 2 
trials 20 g/day for 5 days, then 
5 g/day 
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