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Abstract

Background: Creatine supplementation is widely used to enhance physical performance,
but its effects across health and performance outcomes remain uncertain. Objective: To
synthesise evidence from systematic reviews and meta-analyses on creatine supplemen-
tation, evaluating methodological quality, certainty of evidence, and primary-study over-
lap. Methods: An umbrella review was conducted according to the Preferred Reporting
Items for Overviews of Reviews (PRIOR) statement and registered in PROSPERO
(CRD420261501087). PubMed, Scopus, and Web of Science were searched for systematic
reviews with quantitative meta-analyses published during the preceding 20 years. Meth-
odological quality was assessed using AMSTAR-2, and primary-study overlap using the
Corrected Covered Area (CCA). Results: Forty-five systematic reviews were included,
and the evidence was organised into seven thematic domains. Most reviews examined
healthy, physically active, or athletic populations, whereas clinical cohorts (e.g., chronic
obstructive pulmonary disease, heart failure, chronic kidney disease, depression, or met-
abolic disease) were represented in approximately one fifth of the reviews, mainly in
mixed samples of healthy and clinical participants. Creatine supplementation showed fa-
vourable effects on selected measures of muscular strength, power, lean mass, and
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physical function, with more consistent findings when combined with resistance training.
Cognitive findings suggested improvements in selected measures of memory, attention,
and processing speed, whereas evidence for endurance, recovery, inflammation, and
mental health outcomes remained mixed or outcome-specific. Serum creatinine increased,
but Cr-EDTA-measured GFR and urinary kidney-injury markers showed no significant
changes; evidence regarding long-term renal safety remains limited. No review achieved
high AMSTAR-2 confidence, and nearly half were rated critically low. Primary-study
overlap was slight (global CCA: 3.49%), although 395 unique studies accounted for 1001
study-review inclusions, indicating that concordance across reviews does not necessarily
represent independent replication. Conclusions: Creatine supplementation appears to
provide outcome-specific benefits, particularly for selected measures of strength, power,
lean mass, and physical function. However, these findings are tempered by the absence
of high-confidence reviews and substantial reuse of primary studies across syntheses. In-
terpretation should therefore account for methodological limitations, population and out-
come variability, and primary-study overlap.

Keywords: creatine supplementation; systematic reviews; meta-analysis; muscle strength;
exercise performance; evidence synthesis

1. Introduction

Creatine is one of the most extensively studied and widely used nutritional supple-
ments in sport and exercise. Its biological role is closely linked to cellular energy metabo-
lism, as creatine and phosphocreatine contribute to the rapid regeneration of adenosine
triphosphate during high-intensity muscle activity [1,2]. Accordingly, creatine monohy-
drate supplementation has consistently been associated with improvements in high-in-
tensity exercise capacity and adaptations to resistance training, particularly increases in
muscular strength, power and lean body mass [3-5]. Beyond athletic performance, crea-
tine has also attracted substantial interest for its potential applications in healthy ageing,
rehabilitation, physical function and several clinical populations, reflecting the broader
physiological relevance of the creatine-phosphocreatine system [6-8].

However, the relevance of creatine extends beyond gains in performance and muscle
mass [9]. Its proposed effects on recovery from exercise-induced muscle damage, ther-
moregulation, inflammation, oxidative stress, physical function, and tissue protection
have stimulated a rapidly expanding literature across diverse populations and exercise
contexts [9-13]. At the same time, safety remains a major component of the clinical and
public health discussion surrounding creatine, particularly regarding renal function and
the interpretation of serum creatinine [11,13-16]. Although long-term use has generally
been considered well tolerated in healthy individuals, recent evidence continues to inves-
tigate whether changes in renal biomarkers represent physiological responses to creatine
ingestion or clinically meaningful impairment [13,15,16]. This question is revisited di-
rectly in the synthesis of the safety domain and in the Conclusion of this review.

This expanding evidence base has generated a large number of systematic reviews
and meta-analyses addressing specific outcomes, populations, exercise modalities and
supplementation strategies. Recent analyses continue to report benefits for lean mass,
strength and anaerobic performance, while also highlighting variation according to train-
ing status, age and intervention context. For example, a 2024 GRADE-assessed meta-anal-
ysis including 143 studies reported small increases in body mass and fat-free mass, with
larger effects when creatine supplementation was combined with resistance training [17].
A 2026 meta-analysis in young men similarly found that gains in lean mass were observed
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when creatine supplementation was combined with resistance training, whereas improve-
ments in anaerobic power were observed irrespective of training context [18]. At the pop-
ulation level, recent reviews have also examined older adults and individuals at risk of
functional disability, as well as active females, further illustrating the increasingly special-
ised nature of the evidence base [19].

Despite this substantial body of literature, important uncertainties remain. Existing
systematic reviews and meta-analyses vary considerably in terms of populations, inter-
vention protocols, comparators, outcome definitions, and methodological quality, making
it difficult to distinguish findings that are consistent across reviews from those that may
depend on specific analytical or contextual factors. These uncertainties are particularly
evident in three non-exercise domains where the findings of systematic reviews are most
divergent: post-exercise recovery and inflammation, where meta-analyses disagree on
whether markers other than creatine kinase are consistently affected; cognitive function,
where reported benefits are limited to selected domains and supported by low-to-moder-
ate certainty evidence; and renal safety, where increases in serum creatinine have not been
accompanied by consistent changes in glomerular filtration rate. Moreover, potentially
important domains such as exercise recovery and inflammation remain characterised by
inconsistent findings. For example, Northeast et al. [20] found no consistent effects of cre-
atine supplementation on muscle strength recovery, muscle soreness, range of motion,
lactate dehydrogenase or inflammatory outcomes, although creatine kinase was reduced
at 48 h post-exercise; substantial heterogeneity was reported across several outcomes.
Similarly, Jiaming et al. [21] reported an overall reduction in creatine kinase, but not lac-
tate dehydrogenase, and highlighted high heterogeneity and moderate risk of bias among
the included trials. Beyond exercise-related outcomes, the scope of creatine research has
expanded into cognitive function and renal health, with recent meta-analyses reporting
potentially beneficial effects on selected cognitive domains but low-to-moderate certainty
for several outcomes, while renal analyses indicate increases in serum creatinine without
consistent changes in glomerular filtration rate [22]. Collectively, these findings illustrate
an increasingly broad but fragmented evidence base, in which the consistency, magnitude
and certainty of effects remain dependent on the outcome and population examined.

Importantly, the contemporary evidence base builds upon foundational meta-anal-
yses published in 2003. Branch [23] conducted a meta-analysis of 96 publications reporting
100 studies, examining the effects of creatine supplementation on body composition and
exercise performance, including the influence of supplementation characteristics such as
loading and maintenance protocols, exercise-task characteristics, and participant-related
factors. Similarly, Nissen et al. [24] investigated the effects of dietary supplements on lean
mass and strength gains during resistance exercise, identifying creatine and B-hydroxy-
[-methylbutyrate (HMB) as the two supplements with sufficient evidence supporting im-
provements in these outcomes. These publications represent important contributions to
the early quantitative synthesis of creatine-related evidence and remain relevant to un-
derstanding the historical development of this research field. Nevertheless, the objective
of the present umbrella review was to provide a synthesis of contemporary systematic
reviews and meta-analyses published within the 20-year period preceding the search,
from September 2006 to September 2026. This temporal delimitation was adopted for three
reasons. First, it prioritises evidence syntheses conducted and reported within the modern
era of systematic review methodology, following the widespread adoption of standard-
ised conduct and reporting guidance, thereby ensuring a more homogeneous and criti-
cally appraisable evidence base. Second, it reflects the substantial expansion of creatine
research beyond its traditional applications in exercise performance and resistance-train-
ing adaptations, encompassing additional populations and health-related outcomes, in-
cluding ageing, clinical conditions, cognitive function, and safety. Third, the primary-trial
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evidence underpinning the 2003 syntheses is not lost under this restriction, as pre-2006
trials remain extensively represented within the reviews included in this umbrella review.
The restriction was therefore intended to define the contemporary scope of the evidence
synthesis, rather than to suggest that earlier meta-analyses are methodologically unim-
portant or that their findings have necessarily been superseded. Accordingly, the founda-
tional publications from 2003 are acknowledged as part of the historical evidence base,
although they fall outside the predefined eligibility period of the present umbrella review.

Against this background, an overarching synthesis is warranted to determine what
the totality of evidence supports across the major domains in which creatine supplemen-
tation has been investigated. An umbrella review provides an appropriate framework for
integrating findings from existing systematic reviews and meta-analyses while simulta-
neously evaluating their methodological quality, the certainty of the underlying evidence,
the consistency and magnitude of effects, and the extent to which overlap among primary
studies may influence the apparent strength of the evidence base. Accordingly, the present
umbrella review aimed to comprehensively synthesise the evidence from systematic re-
views and meta-analyses on the effects of creatine supplementation across health and per-
formance outcomes, while evaluating the methodological quality, certainty of evidence,
and overlap of primary studies.

2. Materials and Methods
2.1. Study Design and Reporting Framework

This study was conducted as an umbrella review of systematic reviews with meta-
analysis evaluating the effects of creatine supplementation in human populations. The
review was conducted and reported in accordance with the Preferred Reporting Items for
Overviews of Reviews (PRIOR) statement [25]. The methodological approach was de-
signed to identify, appraise, and synthesise the available evidence from systematic re-
views with meta-analysis across predefined outcome domains. The unit of inclusion and
synthesis was the systematic review with meta-analysis, rather than the individual pri-
mary study. No supplemental primary studies were included outside the evidence con-
tained within the eligible systematic reviews. The review protocol was registered in the
International ~ Prospective  Register ~of  Systematic Reviews (PROSPERO;
CRD420261501087).

Generative artificial intelligence tools, including ChatGPT (GPT-5.6; OpenAl, San
Francisco, CA, USA), were used during manuscript preparation for language editing,
structural refinement, drafting support, organisation of the manuscript, and conceptual
development and refinement of Figures. Generative Al tools were not used to make au-
tonomous study-eligibility decisions, independently determine review inclusion, extract
or validate study data, perform statistical analyses, assess methodological quality or cer-
tainty of evidence, or independently verify the underlying evidence. The authors inde-
pendently reviewed and verified all search strategies and selection decisions, extracted
data, methodological assessments, quantitative results, citations and references, figure
content, statistical values, and final wording, and accept full responsibility for the accu-
racy, integrity, and interpretation of the published content.

2.2. Eligibility Criteria

Only systematic reviews with a quantitative meta-analysis specifically evaluating the
effects of creatine supplementation, alone or in the context of concomitant exercise or
training, were eligible for inclusion in this umbrella review. Eligible reviews were re-
quired to evaluate creatine supplementation in human populations, to have used system-
atic methods to identify and select relevant studies, and to provide at least one

https://doi.org/10.3390/nu18223776


https://doi.org/10.3390/nu18223776

Nutrients 2026, 18, 3776

5 of 50

quantitative meta-analytic estimate specifically attributable to creatine supplementation.
Reviews were required to have been published in English within the predefined 20-year
period covered by the umbrella review. No restrictions were imposed on participant age,
sex, training status, health or clinical condition, exercise modality, or outcome domain,
provided that the review addressed the effects of creatine supplementation within the
predefined scope of the review. The eligibility assessment was informed by seven prede-
fined thematic outcome domains used to guide the identification and classification of po-
tentially relevant meta-analyses. Accordingly, network meta-analyses comparing multi-
ple dietary supplements were eligible only when a pooled estimate separately attributable
to creatine supplementation could be obtained; multi-supplement syntheses not meeting
this condition were excluded at the full-text stage.

The intervention of interest was creatine supplementation, considered both as a
standalone intervention and when administered in conjunction with exercise or training
programmes. Reviews evaluating creatine alone, creatine combined with exercise or train-
ing, or creatine as part of a multi-ingredient intervention were considered eligible only
when the quantitative effect specifically attributable to creatine supplementation could be
isolated from the effects of exercise, training, or other interventions. Accordingly, reviews
in which creatine was included but its independent quantitative effect could not be dis-
tinguished were excluded. Eligible comparators included placebo, no supplementation,
no exercise, usual care, or otherwise comparable control conditions, according to the de-
sign of the original review. Reviews were eligible regardless of creatine dose, supplemen-
tation protocol, intervention duration, exercise modality, training status, or concomitant
exercise or training programme. Reviews without a quantitative meta-analysis specific to
creatine supplementation, narrative reviews, scoping reviews, expert reviews, protocols,
guidelines, commentaries, and other non-meta-analytic evidence syntheses were ex-
cluded. No supplemental primary studies were included in the umbrella review.

2.3. Information Sources and Search Strategy

A systematic literature search was conducted in PubMed, Scopus, and Web of Science
between 2 and 8 September 2026. The search covered the preceding 20 years and was re-
stricted to English-language publications involving humans. A 20-year publication win-
dow was prespecified to capture contemporary systematic reviews and meta-analyses
while limiting the inclusion of older evidence syntheses whose conclusions may have been
superseded by more recent reviews. An initial search using the terms “creatine” and
“meta-analysis” in the title and abstract fields was undertaken to identify the core body
of evidence. The search strategy was subsequently broadened to maximise retrieval across
the predefined health, performance, recovery, cognitive, and safety domains of the um-
brella review. The final search strategy combined terms for the intervention, evidence-
synthesis design, and predefined outcome domains. The intervention component in-
cluded “creatine” and “creatine monohydrate”, while the evidence-synthesis component
included “meta-analysis” and “metaanalysis”. The outcome component included terms
related to strength and power, body composition and muscle mass, exercise performance
and endurance, aerobic capacity, recovery and inflammation, cognition and mental
health, and safety, renal, and biochemical outcomes. Population descriptors, including
age, sex, athletic status, and specific clinical conditions, were not required search terms
because these characteristics were used as eligibility criteria rather than as primary search
concepts and could unnecessarily reduce retrieval sensitivity. Database-specific syntax,
field restrictions, and filters were adapted to the requirements of each database while
maintaining the same conceptual structure across sources. The complete database-specific
search strategies, including the terms, fields, filters, and limits used in each database, are
provided in Appendix A. The searches retrieved 273 records from PubMed, 210 from
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Scopus, and 201 from Web of Science, yielding 684 records. Because the evidence-synthe-
sis component required meta-analysis-related terms in searchable fields, reviews in which
these terms did not appear in the title, abstract, or indexing fields, or in which different
terminology was used, may not have been retrieved.

2.4. Study Selection

Following the database searches, duplicate records were removed before screening.
The remaining records were independently screened by the three authors based on title
and abstract. A total of 110 records were excluded for the following reasons: absence of a
quantitative meta-analysis (n = 46), intervention not focused on creatine supplementation
(n=28), focus on creatine-related biomarkers or physiological outcomes (e.g., creatine ki-
nase or creatinine) rather than creatine supplementation (n = 18), outside the predefined
population or research scope (n=12), and other eligibility reasons (n = 6). Records consid-
ered potentially eligible by at least one author were retained for full-text assessment. A
total of 57 full-text reports were independently assessed by the three authors against the
predefined inclusion and exclusion criteria. Twelve reports were excluded at this stage:
four addressed creatinine-related outcomes rather than creatine supplementation, four
evaluated supplements other than creatine, two did not provide a quantitative meta-ana-
lytic estimate specifically attributable to creatine supplementation, and two were outside
the predefined scope of the umbrella review. The individual screening and eligibility de-
cisions were subsequently compared during a consensus meeting, and disagreements
were resolved through discussion and consensus. Reviews were not excluded because of
overlap with other potentially eligible reviews. Primary-study overlap was assessed sub-
sequently during data collection and synthesis using the citation matrix and the Corrected
Covered Area (CCA), as described in Section 2.9 [26]. The final selection comprised 45
systematic reviews with quantitative meta-analysis. Figure 1 presents the study selection
process in the PRISMA 2020 flow diagram [25].

2.5. Data Collection Process

Data were extracted independently by the three authors using a predefined and
standardised data collection form. Each author independently extracted the relevant in-
formation from the included systematic reviews with meta-analysis, and the resulting da-
tasets were subsequently compared. Potential discrepancies identified during data extrac-
tion were discussed in a consensus meeting involving all three authors and resolved by
agreement. Data were extracted from the reports of the included systematic reviews with
meta-analysis and organised in a structured database for subsequent synthesis. Infor-
mation required to characterise the reviews, populations, interventions, comparators, out-
comes, quantitative results, methodological quality, risk of bias, reporting bias, certainty
of evidence, and primary-study overlap was collected [26]. Quantitative effect estimates
were extracted only when they represented an effect specifically attributable to creatine
supplementation. For reviews evaluating multiple supplements or nutritional interven-
tions, including network meta-analyses, only estimates comparing creatine supplementa-
tion (alone or combined with exercise or training) with placebo or a non-creatine control
were extracted. Depending on the review, these estimates corresponded to creatine-spe-
cific subgroup analyses, pairwise meta-analytic estimates from the creatine subset of tri-
als, or network estimates for the creatine node versus placebo. Head-to-head comparisons
between creatine and other supplements were not extracted. During data collection, the
primary studies included in each systematic review with meta-analysis were identified
and harmonised to construct the citation matrix. Multiple publications, reports, follow-up
assessments, or intervention arms originating from the same underlying randomised con-
trolled trial were consolidated into a single primary-study unit. Discrepancies in the
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identification of primary studies across reviews were resolved through cross-checking of
study characteristics and, where necessary, the original reports and reference lists. The
procedures used to quantify primary-study overlap are described in Section 2.9.

Identification of studies via databases and registers
)
o Records identified from databases
-§ (n = 684) Duplicate records removed before screening
I
é PubMed (n = 273) 7l (n=517)
= Scopus (7 = 210)
§ Web of Science (1 = 201)
— Records excluded
— v (n=110)
Reasons (not mutually exclusive):
Records screened ol ¢ Nota quantitative meta-analysis (n = 46)
(n=167) "] e Intervention not focused on creatine supplementation
(n=28)
o Creatine-related biomarker or physiological topic
0 (e.g. creatine kinase or creatinine) (n = 18)
£ o Outside the predefined population or research scope (n = 12)
E o Other ineligible records (1 = 6)
5
2] Reports sought for retrieval 5| Reports not retrieved
Al
(n=57) (n=0)
l Reports excluded
Reports assessed for eligibility o (7=12)
(n=57) 7| o Creatinine rather than creatine supplementation (n = 4)
o Supplement other than creatine (n = 4)
— o No quantitative meta-analytic estimate specific
to creatine supplementation (n = 2)
o Outside the predefined scope of the umbrella review (n = 2)
S\
2 Systematic reviews with quantitative
5 meta-analysis included in umbrella review
E (n = 45)
N—

Figure 1. PRISMA 2020 flow diagram of the identification, screening, eligibility assessment, and

inclusion of systematic reviews with meta-analysis.

2.6. Data Items

A predefined data collection framework was used to extract information from each
included systematic review with meta-analysis. Data items were organised into five broad
categories: characteristics of the review; characteristics of the populations, interventions
and comparators; quantitative outcome data; methodological and reporting characteris-
tics; and information required for assessment of primary-study overlap. Review charac-
teristics included first author, publication year, journal, number of primary studies in-
cluded in the systematic review, number of participants, population characteristics, prin-
cipal thematic domain, protocol registration status, and funding sources or conflicts of
interest reported by the systematic review. Information on the interventions included the
type of creatine supplementation, dosage, loading and maintenance protocols (when re-
ported), duration of supplementation, and concomitant exercise or training programmes.
Comparator characteristics were also recorded.

For each outcome, the extracted quantitative information included the outcome def-
inition, number of primary studies and participants contributing to the meta-analysis,
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effect measure, pooled effect estimate specifically attributable to creatine supplementa-
tion, corresponding measure of precision (95% confidence interval or credible interval, as
applicable), direction of effect, statistical significance, and measures of statistical hetero-
geneity when reported. Subgroup analyses, sensitivity analyses, and other relevant sec-
ondary analyses reported by the systematic reviews were also recorded. Methodological
and reporting characteristics included the risk-of-bias or methodological appraisal tool
used by each systematic review, assessments of reporting or publication bias and small-
study effects, and the certainty of evidence, including GRADE ratings when reported [27].

For assessment of primary-study overlap, the primary studies included in each sys-
tematic review with meta-analysis were recorded together with relevant identifying char-
acteristics, including author, publication year, sample size, intervention characteristics,
population, and other trial identifiers when available. Multiple reports arising from the
same underlying randomised controlled trial were subsequently consolidated as de-
scribed in the assessment of primary-study overlap. When information was not reported,
this was recorded as “not reported” rather than inferred. Where information was unclear
or inconsistent within a systematic review, the relevant report was re-examined, and the
discrepancy was discussed among the three authors during the data verification process.
Unclear information was not replaced with assumptions or estimates that were not pro-
vided by the original review.

2.7. Predefined Outcome Domains and Thematic Classification

The scope of the umbrella review was structured a priori around seven predefined
thematic domains reflecting the principal areas in which the effects of creatine supple-
mentation have been investigated: (1) strength and power; (2) body composition; (3) pop-
ulation-specific outcomes; (4) dose-response and safety; (5) recovery and inflammation;
(6) endurance and VO:max; and (7) cognitive and mental health. These domains were
used to guide the classification of the included systematic reviews and to organise data
extraction and subsequent evidence synthesis. Each included systematic review was as-
signed to a single primary thematic domain according to its principal outcome focus and
the main question addressed by the review. The seven domains were therefore mutually
exclusive at the systematic-review level, allowing the 45 included reviews to be classified
into a single primary thematic cluster. Individual systematic reviews could evaluate mul-
tiple outcomes and quantitative meta-analyses; however, these analyses remained within
the primary thematic domain assigned to the corresponding review.

Quantitative meta-analyses reported within each systematic review were subse-
quently extracted and synthesised according to their specific outcome, population, inter-
vention, comparator, and analytical characteristics. Thus, thematic classification was per-
formed at the systematic-review level, whereas quantitative effect estimates were retained
and analysed at the individual meta-analysis and outcome level. This approach preserved
the methodological and clinical characteristics of the original evidence syntheses while
allowing results addressing distinct outcomes to be examined separately. The predefined
domains provided a structured framework for the synthesis while preserving differences
in population, intervention, comparator, outcome definition, and analytical approach
across the included meta-analyses. Findings were therefore interpreted within their re-
spective thematic domains rather than being combined into a single overall estimate of
the effect of creatine supplementation.

2.8. Assessment of Methodological Quality and Risk of Bias

The methodological quality of the included systematic reviews with meta-analysis
was assessed using the AMSTAR-2 (A MeaSurement Tool to Assess systematic Reviews
2) instrument [28]. AMSTAR-2 comprises 16 items addressing key methodological aspects
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of systematic reviews, including protocol registration, adequacy of the literature search,
duplicate study selection and data extraction, assessment of risk of bias in the included
primary studies, appropriateness of the meta-analytical methods, consideration of publi-
cation bias, and disclosure of potential conflicts of interest (Supplementary Data S1). Over-
all confidence in the methodological quality of each systematic review was rated as high,
moderate, low, or critically low according to the AMSTAR-2 guidance, based on the pres-
ence and severity of weaknesses across its critical domains. No numerical summary score
was calculated. AMSTAR-2 assessments were initially performed by one researcher and
subsequently reassessed independently and in full by the other two authors, who were
unaware of the initial ratings. Discrepancies between the independent appraisals were
discussed among the three authors and resolved by consensus. Information on the risk of
bias of the primary studies included in each systematic review was extracted as reported
by the corresponding review. The risk-of-bias assessment tool used by each systematic
review and the resulting assessments were recorded. Primary studies were not reassessed
independently within the present umbrella review. When risk-of-bias information was
incomplete or unavailable in an included review, this was recorded accordingly rather
than inferred or reassessed [28,29].

2.9. Assessment of Primary-Study Overlap Across Meta-Analyses

Primary-study overlap across the included systematic reviews was assessed using a
citation matrix and the Corrected Covered Area (CCA) index [26]. The citation matrix was
constructed with unique primary studies represented as rows and the 45 included sys-
tematic reviews represented as columns. Each cell indicated whether a given primary
study was included in the corresponding systematic review. Multiple publications, fol-
low-up reports, or intervention arms originating from the same underlying randomised
controlled trial were consolidated into a single primary-study unit before calculation of
the overlap measures. Primary studies were identified and harmonised across reviews
using author, year, sample characteristics, intervention, population, and, where available,
trial identifiers.

The CCA was calculated according to the following formula: CCA = (N - r)/(rc - 1),
where N represents the total number of study-review inclusions in the citation matrix,
including repeated appearances of the same primary studies across different reviews; r
represents the number of unique primary studies; and c represents the number of system-
atic reviews included in the matrix. Thus, the global CCA was calculated using the com-
plete matrix of included systematic reviews rather than the number of individual quanti-
tative meta-analyses. This approach follows the established CCA methodology, in which
primary publications are represented in rows and systematic reviews in columns.

For the present umbrella review, the global matrix comprised 1001 study-review in-
clusions, 395 unique primary studies, and 45 systematic reviews, resulting in a global CCA
of 3.49%. Because a global CCA may mask substantial variation in overlap across individ-
ual reviews and outcome domains, pairwise overlap and study-level reuse were also ex-
amined descriptively. These analyses were used to identify systematic reviews drawing
on substantially overlapping sets of primary studies and to inform the interpretation of
apparent concordance across evidence syntheses. Accordingly, concordant findings
across reviews were not considered independent replications when the underlying pri-
mary studies substantially overlapped. The complete citation matrix, pairwise overlap es-
timates, and CCA calculations are provided in the Supplementary Data S2. Overlap was
treated as an interpretive characteristic of the evidence base and was not used as an ex-
clusion criterion.
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2.10. Synthesis Methods

The findings were synthesised descriptively and comparatively across the included
meta-analyses, without re-pooling primary study data or performing a new meta-analysis
of the estimates reported by the included reviews [30]. Results were organised according
to the seven predefined thematic outcome domains and examined at the level of the indi-
vidual meta-analysis and outcome. For each outcome, the pooled effect estimate specifi-
cally attributable to creatine supplementation was extracted together with its correspond-
ing measure of precision, direction of effect, statistical significance, and measure of statis-
tical heterogeneity when available [30,31]. Effect estimates were retained in the metric re-
ported by the original meta-analysis, including mean differences, weighted mean differ-
ences, standardised mean differences, Hedges’ g, odds ratios, and other reported effect
measures. Results from frequentist and Bayesian meta-analyses were retained according
to the analytical framework of the original meta-analysis, with credible intervals reported
for Bayesian estimates where applicable [32].

Where multiple meta-analyses evaluated the same or closely related outcomes, their
findings were compared with respect to the direction and magnitude of the reported ef-
fects, statistical significance, and heterogeneity [33]. No statistical transformation or recal-
culation of effect estimates was undertaken solely to enable direct pooling across meta-
analyses using different effect measures or analytical models. Reported subgroup anal-
yses were extracted and considered when they examined differences according to relevant
characteristics such as age, sex, training status, population, intervention dose or duration,
or other reported moderators. Potential sources of heterogeneity identified within the
original meta-analyses were recorded and summarised where reported. Sensitivity anal-
yses reported by the original meta-analyses were extracted and considered as part of the
evidence synthesis; no additional sensitivity analyses were conducted in the present um-
brella review [31,33].

When multiple systematic reviews addressed the same or closely related outcome,
the interpretation of their findings was informed by a predefined hierarchy of methodo-
logical and evidential characteristics. The review providing the most reliable synthesis
was considered the principal basis for interpretation. Priority was given first to the AM-
STAR-2 confidence rating and, when reviews had similar ratings, to the recency and com-
prehensiveness of the evidence base, the relevance of the population, intervention, com-
parator and outcome characteristics, and the extent to which risk of bias and heterogeneity
were considered in the synthesis. The degree of primary-study overlap between reviews
was also considered when interpreting apparent concordance or discordance.

This prioritisation was used to guide interpretation rather than to exclude eligible
evidence. All included reviews were retained in the evidence map and considered in the
assessment of consistency. Reviews addressing the same outcome but providing a less
methodologically robust or substantially overlapping synthesis were interpreted as cor-
roborative evidence rather than as independent replications of the findings of the princi-
pal review. Conversely, concordant findings across reviews with limited overlap were
considered more informative regarding the robustness of an observed association. The
prioritisation criteria were applied at the outcome level and, where appropriate, within
specific population or intervention contexts. The synthesis prioritised the results of quan-
titative meta-analyses specifically attributable to creatine supplementation while preserv-
ing differences in populations, interventions, comparators, outcome definitions, analytical
methods, and statistical heterogeneity across reviews. Results were not collapsed into a
single pooled estimate across meta-analyses, and statistical significance was not used as
the sole criterion for assessing consistency across the evidence base [34].
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2.11. Assessment of Reporting Bias and Small-Study Effects

Information on reporting bias and small-study effects was extracted from the in-
cluded meta-analyses. Where reported, assessments included funnel plot asymmetry, Eg-
ger’s regression test, Begg's test, trim-and-fill procedures, and other statistical or graphical
methods used by the original meta-analyses to investigate potential small-study effects or
missing results. The corresponding statistical results and conclusions reported by the orig-
inal meta-analyses were recorded for the relevant outcomes [35]. No new analyses of re-
porting bias or small-study effects were conducted within the present umbrella review.
When multiple assessments of reporting bias were available for different outcomes or sub-
groups within the same meta-analysis, these were recorded separately for the correspond-
ing outcome. Findings suggesting possible reporting bias or small-study effects were con-
sidered alongside the reported effect estimates, statistical heterogeneity, methodological
quality of the corresponding systematic review, and certainty of evidence. Reporting-bias
assessments were not used in isolation to determine the consistency of the evidence
[35,36].

2.12. Assessment of Certainty of Evidence

Certainty of evidence was extracted from the included systematic reviews with meta-
analysis when formally assessed and reported [27]. The certainty ratings assigned by the
original reviews, including assessments based on the Grading of Recommendations As-
sessment, Development and Evaluation (GRADE) approach, were recorded for each rele-
vant outcome. No independent recalculation or reassessment of certainty of evidence was
performed within the present umbrella review. When certainty assessments were availa-
ble for specific outcomes, the reported rating was retained alongside the corresponding
meta-analytic estimate and other relevant methodological characteristics [17,27]. Cer-
tainty ratings were not aggregated across outcomes or reviews; instead, they were pre-
sented at the outcome level to preserve differences in populations, interventions, compar-
ators, heterogeneity, risk of bias, imprecision, and other considerations underlying the
original assessments. When certainty of evidence was not reported by an included meta-
analysis, this was recorded as “not reported”.

3. Results

A total of 45 systematic reviews and meta-analyses published between 2009 and 2026
were identified as eligible for inclusion in the present umbrella review. The included re-
views examined the effects of creatine supplementation, predominantly compared with
placebo or an otherwise comparable control condition, across a broad range of health and
performance outcomes. The evidence was organised into seven thematic clusters: (1)
strength and power (11 reviews); (2) body composition (six reviews); (3) population-spe-
cific outcomes (13 reviews); (4) safety and physiological responses (six reviews); (5) recov-
ery and inflammation (four reviews); (6) endurance/VO:max (two reviews); and (7) cog-
nitive and mental health outcomes (three reviews). The distribution of included reviews
according to publication year and thematic cluster is presented in Figure Al.

3.1. Selection and General Characteristics of the Included Meta-Analyses

Thirty-seven reviews (82.2%) were published from 2021 onwards. The number of pri-
mary studies included in individual reviews ranged from four to 143, and the number of
participants ranged from 151 to 3655. The populations examined included elite and recre-
ational athletes, healthy trained and untrained adults, older adults, postmenopausal
women, and clinical populations, including individuals with chronic obstructive pulmo-
nary disease and heart failure. Creatine monohydrate was the predominant form of
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supplementation. Primary studies used different dosing regimens, including loading and
maintenance protocols, as well as varying intervention durations. Risk-of-bias assessment
methods differed across reviews and included the PEDro scale, Cochrane Risk of Bias 2
(RoB 2), the original Cochrane Risk of Bias tool, CONSORT, Jadad, Downs and Black,
SIGN, and combinations with instruments such as the Newcastle-Ottawa Scale and the
Joanna Briggs Institute tool. Six reviews included multiple supplements or nutritional in-
terventions [6,7,35-38]. For the present umbrella review, only comparisons involving cre-
atine supplementation alone versus placebo or an otherwise comparable control condition
were extracted; creatine combined with other supplements and creatine derivatives were
excluded. The main characteristics of the included reviews are presented in Table 1. The
distribution of reviews by publication year and thematic cluster is shown in Appendix

Figure Al.

Table 1. Characteristics of the 45 systematic reviews and meta-analyses included.

. .Par- De- Risk-of-
Cluster Review Population No. NO ar . ¢ AMSTAR-2 Main Outcomes .1s ©
Studies ticipants sign Bias Tool
POpl'ﬂ.atIOI‘l— AL-Ghimlas Adults VYIth COPD Critically E.xerc1se capac-
specific out- undergoing pulmo- 4 151 MA ity, strength, = Cochrane
etal. [12] A low (Q2, Q7) . .
comes nary rehabilitation quality of life
. o . Body tempera-
Dose-response Lopez et al. Physmz'ill.y active in- 10 167 MA Critically ture, hydration  PEDro
and safety [11] dividuals low (Q2, Q7) .
in heat
Population- Adults >4 - FFM h
S Ofclilfiiti)oli Devries et derd L(1)1trs1 >rgs}i,srt:rrllce 10 357 MA Critically h s’ii;efr;grfc I Jadad
P al. [9] gOINE It low (Q2,Q7) P™¢
comes training tion
Critically .
h Lanh L -1
Strengthand = Lanherset 0 oquls 60 1297 MA low (Q2,Q7,  OWETHMP coNsoRT
power al. [37] strength
Q9)
Critically .
Strengthand  Lanherset — p iy adults 53 1138 MA low (Q2,Q7,  CPPIMP o eoRT
power al. [38] strength
Q9)
Population- Mielgo- Critically ~ Anaerobic and
specificout- Ayusoetal. Football players 9 168 MA low (Q2, Q7, aerobic perfor- Cochrane
comes [8] Q15) mance
Serum creati-
Dose-response de Souza et General population, Critically | ..
and safety al. [14]  healthy and clinical 26 497 MA low (Q2, Q7) nine, creatinine . PEDro/JBI
clearance, urea
de
Dose-response Guingand Post-menarche fe- 29 951 MA  Low (Q7) Safety, adverse Cochrane
and safety males events Handbook
etal. [13]
Popl'll.atlon- Forbes et al. Aduljc s>50yr, Wl,,[h Critically Lean mass,
specific out- or without chronic 20 NR MA NR
[39] . low (Q2, Q7) strength
comes disease
. Older/postmeno-
Population- Dos Santos pausal women un- Strength, muscle
specific out- patisa , 10 211  MA Low (Q7) & PEDro
etal. [4] dergoing resistance mass
comes -
training
Adults 2 -
Population- Choi et al de1fl 1i)ltrsl ?Ss}i,;t;lrrllce LBM, strength,
specific out- ’ 5OIG . 22 NR NMA Low (Q7) physical func- RoB 2
[40] § training plus nutri- .
comes tion

tion

https://doi.org/10.3390/nu18223776


https://doi.org/10.3390/nu18223776

Nutrients 2026, 18, 3776

13 of 50

.. .. CK, LDH, exer-
Recovery eTnd Jiaming et  Young healthy 9 630 MA Critically cise-induced  Cochrane
inflammation al. [21] adults low (Q2, Q7)
muscle damage
Recovery and Northeast et Strength, DOMS,
inflammation al. [20] Adults 13 278 MA Low (Q7) CK, LDH Cochrane
B i- Delpi
ody composi- Delpinoet 1o adults 35 1192 MA Low(Q7) Leanmass  Cochrane
tion al. [41]
Muscle damage,
Recovery and Domaetal. Trained healthy 23 469 MA Critically  inflammation, Modified
inflammation [10] adults low (Q2, Q7) oxidative stress, PEDro
DOMS
Strength and  Glaisteret ~ Young trained 14 NR MA  Low (Q7) Repeated-sprint PEDro
power al. [42] adults power
Body composi- Burke et al Ijsilt};izd;gz; Regional muscle Modified
y comp - youngane ’ 10 NR MA Low (Q7) & Downs and
tion [2] undergoing re- hypertrophy Black
sistance training
) Adults <50 yr un- .
Body composi- Candow et dergoing resistance 12 266 MA Critically =~ Body-fat per- RoB 2
tion al. [43] - low (Q7) centage, fat mass
training
Endur Ferndndez- Trained/elite ath Enduran T
Landaetal. — oec/elte 13 277 MA Low (Q7) P PEDro
ance/VO2max 5] letes formance
Endur- Gras et al. H;;let:t}; E;\i?}it;:;ﬁ 19 104 MA Critically VO:max, ventila- SIGN/PEDr
ance/VO2max [44] P . low (Q2, Q7) tory threshold o
failure
Cognitive and Prokopidis e
Health 1 22 A L 7 RoB 2
mental health et al, [45] ealthy individuals 8 5 M ow (Q7) Memory 0
Population- Davies et al ac? lizrviic’lcﬁlct;;j;ic Physical func-
specific out- ' u . 33 1076 MA Low (Q7) tion, strength, Cochrane
[19] disease at risk of
comes L lean mass
disability
. . Healthy non-ath- LBM, body-fat
Body EZ?POSI' Desz;;]e tal letes undergoing re- 12 362 MA Low (Q7) percentage, fat RoB 2
sistance training mass
. Pashayee- o Body mass, FFM,
Body t(;o;np051- Khamene et  Healthy adults 143 3655 MA 1 Svrl(tg; 1157) FM, body-fat %, Cochrane
© al. [17] © ' BMI
Adults <50 yr un- Upper- and
h 1
Strengthand - Wang et a dergoing resistance 23 509 MA  Low (Q7) lower-limb PEDro
power [46] ..
training strength
Swimming per-
Population- Huane et al Criticall formance, physi-
specific out- & ’ Swimmers 17 361 MA y ological re- PEDro
[47] low (Q2, Q7)
comes sponses, body
composition
Overall cogni-
o Healthy adults and tion, memory,
X L.
Cognitive and ueta adults with specific 16 492 MA Low (Q7) executive func- RoB 2
mental health [22] . X .
diseases tion, attention,

processing speed
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Body composi Ashtary- Adults undergoin FEM, body mass,
Y COMPOSE [ arky etal. © 8OME 61 1457 MA Low(Q7) FM,body-fat%  RoB2
tion resistance training
[1] BMI
Strength and Kazemi- Adults with or Strength, jum
& nasab etal. without metabolic 69 1937  MA Moderate SHVIUMP ppprg
power . power
[48] disease
Strength and - Zhang et al. General population 14 523 MA Low (Q7) Muscle strength Cochrane
power [49]
Dose-response Naeini et al. . Critically ~ Serum creati-
and safety [16] General population 21 NR low (Q2,Q7)  nine, GFR RoB 2/NOS
. > _
f Oepclilfliit?; Sharifian et ?iugfnjixyeﬁze 20 1093 MA Low(@Qy) KM body-fat PEDro/RoB
p al. [50] OIS ¢ %, BMD 2
comes training
Popl_ﬂ_atlon_ Dominguez Competitive swim- Critically Swimming per- PEDro/Coc
specific out- 23 422 MA
etal. [7]§ mers low (Q2,Q7)  formance hrane
comes
Strengthand Luoetal. Elite combat-sport 67 1026 NMA Moderate Mean/peak Cochrane
power [6] § athletes power, lactate
h L L. i Revi
Strength and uoeta Football players 80 1425 NMA Moderate Jump, sPrmt, evised
power [51]1 § power, distance Cochrane
Depressive
Cognitive and Eckert et al. In'dlv1duals w1th' or 1 1093 MA Low sy.m}')toms, re- RoB 2
mental health [52] without depression mission, treat-
ment response
Anaerobic per-
Physically active formance (sprint,
Strength and  Bai et al. . adults and. . 5 NR  NMA Critically jump, repe_a.ted— PEDro
power [53]§  trained/competitive low (Q2, Q7) sprint ability,
athletes muscular endur-
ance)
1RM, FFM/LB
Strengthand  Guetal. Healthy men aged Critically . M/LBM,
37 NR MA Wingate power,  RoB 2
power [18] 18-30 yr low (Q7)
CM]
Population- o
o Naddafha  Postmenopausal Critically Lean mass,
f t- 7 MA RoB 2
specttic ot etal. [15] women 608 low (Q2, Q7) strength, BMD ©
comes
Recovery and de Camargo o\ o1 bopulation 8 NR MA Low(Q7)  CRP,IL-6 RoB 2
inflammation et al. [54] pop !
Dose-response Tsiaras et al Adults, Serum creati
" healthy/physically 2 7 A L 7 > RoB2
and safety [55] ealt y/p. ysicaly 0 86 M ow (Q7) nine, urea, eGFR ©
active
Serum creati-
de Souza nine, GFR, urea,
Dose-response \} i o [1ealthy adultsand 1036 MA Low(Q7) albuminuria, ~ RoB2
and safety patients with CKD o .
al. [56] proteinuria, uri-
nary creatinine
Trained athletes o
Strength and Wang et al. and active individu- 35 1211 NMA Critically Strength, endur- RoB 2
power [57]§ als low (Q2)  ance, recovery
— > )
: Ogclilfliitgﬁ Yaoetal. dﬁf 1(1311,[; _?gs}ilst:;ce 11 NR  MA Low(Qy) Musdestrength, ROBUST-
P [58] & g ) muscle mass, RCT
comes training
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physical func-
tion

Population-
specific out-
comes

Lin et al.

[59]

Exercise perfor-
mance, body

Females engaged in g2 ma  tally o osion,  RoB2
exercise/training low (Q2, Q7) . .
physiological
outcomes

Note: All included papers were systematic reviews with a quantitative meta-analysis, as a pooled
estimate attributable to creatine was an eligibility criterion; no systematic review without meta-
analysis was included. MA, pairwise meta-analysis; NMA, network meta-analysis. AMSTAR-2 crit-
ical items: Q2, protocol registered before commencement of the review; Q4, adequacy of the litera-
ture search; Q7, list of excluded studies with justification; Q9, risk-of-bias assessment of included
studies; Q11, appropriateness of meta-analytical methods; Q13, consideration of risk of bias when
interpreting results; Q15, assessment of publication bias. BMD, bone mineral density; CK, creatine
kinase; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; DOMS, delayed-
onset muscle soreness; FEM, fat-free mass; FM, fat mass; GFR/eGFR, glomerular filtration rate/esti-
mated glomerular filtration rate; IL-6, interleukin-6; LBM, lean body mass; NR, not reported; RoB,
risk of bias; RCT, randomised controlled trial; RSA, repeated-sprint ability; 1RM, one-repetition
maximum; VOxmax, maximal oxygen uptake. § Multi-supplement review or network meta-analy-
sis; only the estimate specifically attributable to creatine supplementation (alone or with exercise or

training) versus placebo or control was extracted.

3.2. Strength and Power

The strength and power cluster comprised 11 systematic reviews and meta-analyses
and represents the domain in which the evidence showed the greatest overall conver-
gence. Across healthy adults, resistance-trained individuals, physically active popula-
tions, and sport-specific cohorts, creatine supplementation was consistently associated
with improvements in maximal muscular strength, particularly in upper- and lower-body
multi-joint exercises. This pattern was evident across both earlier and more recent evi-
dence syntheses, with favourable effects reported for squat, leg-press, bench-press, and
chest-press performance and generally low statistical heterogeneity for the principal
strength outcomes [37,38,46,48]. The persistence of this effect across successive meta-anal-
yses, despite differences in participant characteristics and training protocols, strengthens
the inference that the strength-enhancing effect of creatine is robust rather than dependent
on a particular generation of trials. At the same time, the magnitude of the strength re-
sponse does not appear to be uniform across individuals or performance tests. Evidence
from subgroup analyses suggests that training status may influence responsiveness, with
larger effects observed in untrained than in trained participants [49]. However, these dif-
ferences should be interpreted cautiously, as subgroup estimates are based on fewer stud-
ies and may reflect differences in participant characteristics, training exposure, or other
between-study factors rather than a true modification of the creatine effect. Similarly, the
most recent meta-analysis restricted to healthy men aged 18-30 years reported moderate-
certainty evidence for an increase in squat 1RM, while no significant effect was observed
for leg-press 1RM and the certainty for this outcome was low [18]. Thus, the consistency
of the overall strength signal should not be interpreted as evidence that creatine improves
every measure of muscular strength to the same extent.

The evidence for power is directionally consistent with that for strength but appears
more dependent on the specific characteristics of the task. Across the available meta-anal-
yses, creatine supplementation improved repeated-sprint mean power, jumping perfor-
mance, repeated-sprint ability, upper-limb muscular endurance, and Wingate peak and
mean power [18,42,48,53]. However, null findings for selected outcomes, including
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repeated-sprint peak power and some measures of jumping or strength performance, in-
dicate that the effect is not equally expressed across all tests. This task specificity is further
illustrated by sport-specific analyses, in which relatively large effects were observed for
mean and peak power in elite combat-sport athletes, whereas in football players the evi-
dence was more selective, with an improvement in jump height but no clear benefit for
muscular strength [6,51]. Importantly, the convergence across strength and power out-
comes is supported not only by statistical significance but also by the reproducibility of
the direction of effect across different populations, analytical approaches, and generations
of evidence synthesis. Nevertheless, the heterogeneity observed for selected power out-
comes and the differences according to training status and task characteristics suggest that
the effect is better understood as context- and task-dependent rather than universal. The
direction of effects was generally consistent across reviews, particularly for activities re-
quiring maximal force production and rapid or repeated high-intensity energy turnover.
However, this convergence should be interpreted in light of the methodological limita-
tions and primary-study overlap among the contributing reviews. The magnitude of ben-
efit for specific exercises or sporting tasks remains less certain. This interpretation is con-
sistent with the underlying role of the phosphocreatine system in rapidly regenerating
ATP during high-intensity exercise and repeated bouts of muscular effort [2]. The quanti-
tative findings for the principal strength and power outcomes are summarised in Table 2.

Table 2. Synthesis of the principal effects of creatine supplementation on strength and power out-

comes.
Review Population n Studies Outcome Measure mEaiie(CJSE"/(s)tEI) p I Direction
0.336 (0.047 to
6 Squat 1IRM SMD .023 % F bl
Lanhers et al. 0 qua 0.625) 0.0 0% avourable
37 .297 (0.098 t
571 60 Leg press SMD 0297 (0.098 to 0.003 0%  Favourable
0.496)
0.238 (0.098 to
53 Bench 1RM SMD .001 % F bl
Lanhers et al. Healthy ench press 0.377) <000 0% avotrable
38 dult 2 160 t
[58] acus 53 Chest press SMD 0 83 5101 9)6 Oto <0.0001 2.4% Favourable
. Young 14 Mean POWEL, Te- SMD 061 (023 to 0.002  27%  Favourable
Glaister et al. trained peated sprints 1.00)
2] adults g Peakpowenres gy 04LC008t0 1 75 Neutral
peated sprints 0.90)
Adults <50 23 hﬁi’gmjtlrzr}:ptf' WMD (kg) 4'435(3;)2 © 20001 0% Favourable
Wang etal. [46] years under- Max'}IInaI lo ger 11.35 '(8 44 to
i wer- . .
ing RT . %
going 23 body strength WMD (kg) 14.25) <0.001 0%  Favourable
69 Bench/chest press WMD (kg) 1'432(2;;3 © 0002 1507% Favourable
Adults, 5.64 (3.87 to
D .001 4.12% F 1
Kazeminasab with/without 69 Squat WMD (kg) 7.40) <0.00 o Favourable
t al. [48 taboli . .
etal.[48]  metabolic 69 Verticaljump ~ WMD (cm) 40 @30 601 7084% Favourable
disease 2.66)
i 47.81 (15.
69 Wingate peak vy yy 4781 (155510 50 47 6190 Favourable
power 80.06)
General Overall muscle
Zha?fg]e tal adult popu- 14 strength, post-in- ~ SMD 0'430((6)'12)5 © <001 43% Favourable
lation tervention '
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Muscle strength,

6 untrained sub- SMD 1'061(2'56)7 to <0.01 52% Favourable
group ]
6 Ml'lscle strength, SMD 0.32 (0.00 to 0.05 0%  Favourable
trained subgroup 0.63)
Muscle strength,
. 2
6 low-dose sub- SMD 0 881(2 6)9 to <0.01 63%  Favourable
group '
Muscle strength,
3 high-dose sub- SMD 0-24 é 605)1 6to 0.24 0% Neutral
group ]
Elite combat- 67 Mean Powet (cre- SMD 10038 to <0.05 0%  Favourable
Luo et al. [6] sport ath atine) 1.6) Crl
NMA - .1 (0.
(NMA) Jetes g7 Leakpower(erea- o 11O4Sto 00 o0 Ravourable
tine) 1.7) Crl
Jump height (cre- 0.33 (0.051 to
80 SMD <0.05 NR F bl
Luoetal. [51]  Football atine) 0.63) Crl avorrabie
NMA 1 .35 (0.
( ) players 80 Muscle s’frength SMD 0.35 (-0.49 to 0.05 NR Neutral
(creatine) 0.64) Crl
52 Sprint <10's sMp ~ 064CL27t0 ) o0, Favourable
-0.01) +
. 0.33(0.11 to
52 height SMD 0.002 148% F bl
Baietal. [53] Active ath- Jump heig 0.56) % Favourable
(NMA) letes/adults 5 Repeate.d'l-sprmt SMD -0.78 (-1.40 to 001 24.7% Favourable
ability -0.17) T
52 Upper-limb mus- SMD 043 (0.09t0 0.01 46.7% Favourable
cular endurance 0.77)
Wang et al. [57] Trained/ac- Muscle strength 0.46 (0.29 to o
(NMA) tive athletes 35 (creatine) SMD 0.63) <0001 38.6%  Favourable
11.90 (7.
16 Squat 1RM MD (kg) 910 6(206)0 © 0001 43.1% Favourable
12 Leg press IRM ~ MD (kg) 3'581(5_3'35 to 0.539 39.1%  Neutral
Healthy men : ;
71.27 (38.
Guetal [18] aged18-30 12 Wingate peak 1y ) (380910 1001 13.8% Favourable
years power 104.45)
11 Wingatemean —y rpy yyy 3969158310 01 4559, Favourable
power 63.56)
- 2.70 (0.1
11 Countermove- oy 2700080 00 999, Favourable
ment jump 5.21)

Abbreviations: Crl, 95% Bayesian credible interval, MD, mean difference; NMA, network meta-anal-

ysis; NR, not reported; RT, resistance training; SMD, standardised mean difference; WMD, weighted

mean difference. + Negative SMDs for sprint and repeated-sprint ability indicate faster completion

times and were therefore classified as favourable.

3.3. Body Composition

The body-composition cluster comprised six systematic reviews and meta-analyses

and revealed a broadly consistent increase in lean or fat-free mass following creatine sup-

plementation, although the magnitude and interpretation of this effect differed according

to the presence of resistance training, participant characteristics, and the method used to

assess muscle mass. These estimates are derived predominantly from indirect body-com-

position methods, such as dual-energy X-ray absorptiometry and bioelectrical impedance,

rather than from direct imaging assessments of muscle cross-sectional area or volume.
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Across the evidence base, the most reproducible finding was an increase in lean or fat-free
mass, whereas evidence for reductions in fat mass or body-fat percentage was considera-
bly less consistent (Table 3). Delpino et al. [41], for example, reported an overall increase
in lean body mass of 0.68 kg, with a substantially greater effect when creatine was com-
bined with resistance training (1.10 kg) and virtually no effect in the absence of exercise
(0.03 kg). Similar findings were subsequently reported by Desai et al. [3] in non-athletic
adults undertaking resistance training and by Pashayee-Khamene et al. [17] in a much
larger evidence base of 143 studies, which identified increases in lean or fat-free mass with
minimal statistical heterogeneity for the latter outcome. Ashtary-Larky et al. [1] further
reinforced this pattern, reporting an overall increase of 1.39 kg in fat-free mass across 61
trials.

The consistency of these findings suggests that the effects of creatine on indirectly
estimated lean mass are relatively consistent across analyses. However, these surrogate
measures cannot distinguish gains in contractile tissue from increases in intracellular wa-
ter. However, it also indicates that supplementation should be understood primarily as
an adjunct to exercise-induced adaptation rather than as an independent stimulus for sub-
stantial increases in lean mass. The larger effect observed when creatine was combined
with resistance training in Delpino et al. [41], together with the consistent benefits ob-
served in resistance-training populations in subsequent reviews, supports the interpreta-
tion that the interaction between creatine availability and mechanical loading is an im-
portant component of the observed response. Nevertheless, the evidence does not indicate
that this interaction is restricted to trained individuals. Ashtary-Larky et al. [1] reported
increases in fat-free mass in both trained and untrained participants, although the esti-
mated effect was numerically greater in trained individuals and the between-subgroup
difference was not statistically significant. Thus, the available evidence supports a general
increase in lean or fat-free mass, while leaving the extent to which training status modifies
responsiveness unresolved.

Importantly, the magnitude of the increase in lean or fat-free mass should not be in-
terpreted as being synonymous with skeletal muscle hypertrophy. This distinction be-
comes evident when the evidence is restricted to studies using direct imaging measures
of regional muscle hypertrophy. Burke et al. [2], based on 10 studies, reported a pooled
standardised effect of only 0.11 (95% Crl -0.02 to 0.25) for regional muscle hypertrophy,
with a somewhat larger estimate in younger adults than in older adults. The discrepancy
between the relatively consistent increases in whole-body lean or fat-free mass and the
more modest evidence for directly measured regional hypertrophy suggests that changes
in fat-free mass may encompass components beyond new contractile tissue. This is par-
ticularly relevant for creatine because supplementation can alter intracellular water dis-
tribution, meaning that increases in fat-free mass should not be interpreted mechanisti-
cally as equivalent to increases in skeletal muscle protein accretion. Accordingly, the cur-
rent evidence provides stronger support for an increase in fat-free or lean mass than for a
quantitatively equivalent increase in measured muscle hypertrophy. By contrast, the evi-
dence for adiposity is less coherent. Some resistance-training studies reported reductions
in body-fat percentage and, in the case of Desali et al. [3], a modest reduction in absolute
fat mass; however, these findings were accompanied by substantial heterogeneity, partic-
ularly for body-fat percentage and fat mass. Candow et al. [43] similarly observed a re-
duction in body-fat percentage without a significant change in absolute fat mass, while
Pashayee-Khamene et al. [17] found no significant effect on fat mass despite evidence of
increased fat-free mass. This pattern argues against interpreting creatine as a direct fat-
loss intervention. Rather, the apparent improvement in body-fat percentage may partly
reflect changes in the relative composition of body mass associated with greater lean tis-
sue, while evidence for an independent reduction in adipose tissue remains limited.
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Table 3. Synthesis of the principal effects of creatine supplementation on body composition out-

comes.

Effect Estimate

Review  Population n Studies Outcome Measure (95% CI) p 2 Direction
35 LBM, overall MD (kg)  0.68 (0.26 to 1.11) NR 0% Favourable
. LBM, creatine + o
Dillp;z)]et Healthy adults 35 RT MD (kg)  1.10 (0.56 to 1.65) NR 0% Favourable
' LBM -
35 o MD(kg) 0.03(-065t0070) NR 0%  Neutral
Burke et Adult's under- 10 Regional muscle SMD 0.11 (-0.02 to 0.25) 09611 NR+ Neutral
al. [2] taking RT hypertrophy Crl
Body-fat per- -1.19 (-2.03 t
Candowet ~dults<s0 4, ody-fatper- i (o) 9203t 006 0% Favourable
al. [43] years under- centage -0.34)
' taking RT 12 Fat mass MD (kg) -0.18(-1.32t00.96) 0.76 0% Neutral
12 LBM MD (kg) 1.14(0.69t0159) <0.01 45.1% Favourable
Non-athleti Body-fat per- -0.88 (-1.66 t
Desaietal. oo ohC qp OYTAPE VD (%) 088 (C1.66t0 03 91.5% Favourable
53] adults under- centage -0.11)
taking RT -0.73 (1.
aking 12 Fat mass MD (kg) 0 7?_’ é 111;3'4 to 0.02 67.1% Favourable
Pashayee- 143 FFM WMD (kg) 0.82(0.57t01.06) <0.001 0% Favourable
Kh, Adult
o jlm[?; o 143 Fatmass ~ WMD (kg) 0.05(-0.24t00.35) 0703 0% Neutral
Ashtary- Adults und 61 FEM, overall WMD (kg) 1.39(1.07t01.70) <0.001 47% Favourable
Larky et t;ki;u%Ter 61 FFM, trained WMD (kg) 1.82 (110t02.55) <0.001 14.4% Favourable
al. [1] & 061 FFM, untrained WMD (kg) 1.23(091t01.56) <0.001 0% Favourable

Note. Crl, credible interval; FFM, fat-free mass; LBM, lean body mass; MD, mean difference; NR,
not reported; RT, resistance training; SMD, standardised mean difference; WMD, weighted mean
difference. t Burke et al. [2] reported Bayesian heterogeneity using t; therefore, I? is not applicable.
1 For Burke et al. [2], the value of 0.961 represents the posterior probability of a positive effect [P(ef-

fect > 0)], not a conventional p-value.

3.4. Population-Specific Outcomes

Within this domain, the population is the stratifying variable: reviews are organised
into older adults and postmenopausal women, clinical populations, females engaged in
exercise or training, and athletes and sport-specific cohorts, with outcomes presented in a
consistent order within each group (strength, body composition, physical function, and
other outcomes). This structure was retained because the primary question addressed by
this domain is whether the effects of creatine generalise beyond young, healthy, predom-
inantly male populations, which requires comparing the same outcomes across popula-
tions rather than the same population across outcomes.

Thirteen systematic reviews and meta-analyses examined the effects of creatine sup-
plementation across older adults, clinical populations, postmenopausal women, females
engaged in exercise or training, and sport-specific cohorts, providing an important exten-
sion of the evidence beyond the predominantly young and healthy populations tradition-
ally represented in creatine research (Table 4). Overall, the findings suggest that the effects
of creatine across population-specific outcome groups are broadly consistent with its es-
tablished musculoskeletal actions, particularly for lean tissue and strength, but that the
magnitude and certainty of benefit vary substantially according to age, health status, sex,
training context, and outcome assessed. Among older adults, the evidence shows a rela-
tively coherent pattern favouring creatine for lean mass, muscular strength, and selected
measures of physical function, particularly when supplementation is combined with
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resistance exercise. Earlier reviews reported increases in fat-free or lean mass together
with improvements in leg-press strength and chair-stand performance [9,39], while sub-
sequent analyses extended these findings to sit-to-stand performance and lean tissue mass
in older adults and individuals at risk of functional impairment [19]. The creatine-specific
analysis within Choi et al. [40] similarly reported increases in lean body mass and knee-
extension strength among adults aged 260 years. Taken together, these findings indicate
that the benefits observed in younger adults may extend to ageing populations and may
be particularly relevant for maintaining or increasing the components of physical capacity
most directly related to functional independence.

However, the evidence becomes less consistent when the outcome is moved from
muscle mass and strength towards broader functional or structural outcomes. Yao et al.
[58], for example, identified a moderate-certainty benefit for muscle strength in older
adults undertaking resistance training, but no statistically significant effect on muscle
mass or physical function, with low and very low certainty, respectively. Similarly, Shar-
ifian et al. [50] reported an improvement in 1RM performance but no significant effect on
total-body bone mineral density. These findings suggest that the most reproducible effects
of creatine in older adults remain concentrated on muscle-related outcomes, whereas ev-
idence for downstream functional or skeletal benefits is less established. This distinction
is important because improvements in strength or lean mass may be clinically relevant,
but they should not automatically be interpreted as evidence of reduced disability, im-
proved mobility, or enhanced bone health. The contrast between ageing populations and
specific clinical conditions further emphasises the importance of population context. In
adults with chronic obstructive pulmonary disease undergoing pulmonary rehabilitation,
creatine did not significantly improve exercise capacity, lower-body strength, or quality
of life [12]. Thus, the favourable effects observed in otherwise healthy older adults cannot
simply be extrapolated to clinical populations with disease-specific limitations. The ab-
sence of benefit in COPD may indicate that the physiological determinants of exercise in-
tolerance in chronic disease extend beyond the substrate availability and muscle energet-
ics that can be influenced by creatine supplementation. More broadly, these findings ar-
gue against treating “older adults” and “clinical populations” as a homogeneous category
and instead support a more phenotype-specific interpretation of responsiveness.

Evidence in women is increasingly available but remains comparatively less mature.
In postmenopausal women, Naddafha et al. [15] reported a modest increase in lean mass
and a meaningful improvement in leg-press 1RM, but no evidence of benefit for bone
mineral density. Similarly, the broader synthesis by Lin et al. [59] involving females en-
gaged in exercise or training found an overall favourable effect, with significant improve-
ments in exercise or sport performance and body composition, whereas physiological out-
comes were not significantly altered; importantly, certainty was rated low for the perfor-
mance and body-composition outcomes and very low for physiological outcomes. These
findings provide encouraging evidence that the benefits of creatine are not restricted to
male populations, but the relatively low certainty indicates that sex-specific conclusions
should remain cautious until larger, adequately powered trials become available. The
sport-specific evidence further illustrates how the effect of creatine depends on the phys-
iological demands of the activity. In football players, creatine improved overall anaerobic
performance and Wingate performance but had no effect on aerobic performance [8],
whereas in competitive swimmers one meta-analysis reported faster time-trial completion
but another found no significant differences in single-sprint performance, repeated-inter-
val performance, physiological responses, or body composition [7,47]. This apparent in-
consistency is unlikely to reflect a simple contradiction in the biological effects of creatine.
Rather, it highlights the importance of task specificity, with potential benefits more likely
to emerge when performance depends on repeated high-intensity efforts, anaerobic
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power, or the ability to reproduce force and power over multiple bouts. The heterogeneity
across sport-specific outcomes therefore reinforces the interpretation developed for the
broader strength and power literature: creatine is unlikely to enhance all components of
sport performance to the same degree.

An important feature of the evidence in specific populations is therefore the distinc-
tion between generalisation of direction and generalisation of magnitude. Across older
adults, postmenopausal women, female exercisers, and several athletic populations, the
direction of effects for strength, lean tissue, or selected performance outcomes is generally
favourable. However, the magnitude of benefit and its practical relevance vary consider-
ably, while outcomes such as bone mineral density, aerobic performance, quality of life,
and broader physiological responses frequently remain null or uncertain. Accordingly,
the evidence does not support a single population-wide effect of creatine; instead, it sug-
gests that responsiveness is strongly conditioned by the interaction between the individ-
ual’s physiological phenotype, the training stimulus, and the outcome being measured.

Table 4. Synthesis of the principal effects of creatine supplementation in specific populations.

Review Population n Studies Outcome Measure mEaize(Cﬁ:sE" /ith-I) I>  Direction
Older adults and postmenopausal
women
1. 79t
10 FFM MD (kg) 331(2 6)9 © <0.001 75% Favourable
Devries et al.  Adults >45 years 3.25(0.47 to o
9] undergoing RT 10 Leg press IRM  MD (kg) 6.03) 0.02 42% Favourable
10 Chair-stand, 30 s MP.(repe— 193 (0.19t0 0.03 62% Favourable
titions) 3.67)
20 Lean mass MD (kg) 1’321(3'29)3 to <0.001 23% Favourable
F t al. .28 (0.09 t
orbes eta Adults >50 years 20 Chest press SMD 028 (0.09t0 0.004 0% Favourable
[39] 0.47)
20 Leg press SMD 0’200(2'9(;0 005 28% Favourable
Upper-body 0.35 (0.02 to
1 MD .04 % F 1
Dos Santos et  Older women un- 0 strength 5 0.69) 0.0 0% Favourable
al- 4] dergoing RT 10 Muscle mass SMD 024 5_509)1 0to 0.16 0%  Neutral
2.61 (0.51 to
> ; LB D (k . % F 1
Choi et al. ztiiet;ltt; eés()p};iiafgz, 5% M MD (kg) 472) <0.05 9% Favourable
40] (NMA ] 74 (0.
[401( ) subgroup 5% Knee extension SMD 0 741(2 8(;9 to <0.05 7% Favourable
. 0.51 (0.01 to
33 Sit-to-stand SMD 0.04 62% F bl
Davies et al. Older adults/clini- Hrtostan 1.00) % Favourable
19 1 lati . .
[19] cal popriations 33 Lean tissue mass MD (kg) 1 081(2 87)7 to <0.01 26% Favourable
.37 (0.
7 Lean mass MD (kg) 03 0(29(;5 to 0.05 25% Favourable
Naddatha et Postmenopausal 7.5((22to o
al. [15] women 7 Leg press IRM  MD (kg) 12.8) <0.05 0% Favourable
7 Bone ml-neral MD =0.00 (CI NS NR  Neutral
density (g/cm?)  crosses null)
20 1RM strength MD 2.122 0.001 0% Favourable
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Body-fat per-

e Adults 255 years 20 MD (%) —0.548 0.026 0% Favourable
Sharifian et . centage
al. [50] undergoing exer- Bone mineral
' cise training 20 . MD 0.009 0.557 41%  Neutral
density
11 Muscle strength Hedges” g 0'310(2'51)8  'NR NR Favourable
Adults 260 years 035 ('_ 0.09 o
Yaoetal [58] undergoing re- 11 Muscle mass Hedges'g 0 78.) NR NR  Neutral
sistance training Phrveical £ 047 '_0 031
11 ysical fune- -y joeg g 047 (00810566 NR  Neutral
tion 1.03)
Clinical populations
Al-Ghimlas Adults Wlth COPD Exercise capac- -0.01 (-0.42 to o
undergoing pulmo- 4 . SMD NS 0%  Neutral
etal. [12] e ity 0.22)
nary rehabilitation
Females engaged in exercise or
training
34 Overall effect Hedges' g 0'230(2'7(;9 0,003 7(;95 Favourable
, 21+t Exercise perfor- Hedges' g 030 (0.06 to 0.019 NR Favourable
Lin et al. [59] Females engaged in mance 0.54)
. se/traini — ‘ .
exercise/training o1 # Body composi- 4, dges’ g 0.24 (0.06 to 0011 NR Favourable
tion 0.43)
a1y Physiological o g 00C0I710 0 NR Neutral
outcomes 0.38)
Athletes and sport-specific co-
horts
Mielgo- g  Overallanaero-— g, 123035t 001 819 Favourable
bic performance 1.91)
Ayusoetal.  Football players Aerobic berfor 0,05 (<0.37 to
[8] 9 P sMD U 078 0% Neutral
mance 0.28)
Dominguez Competitive swim- Time-trial per- ES -0.46 (-0.75 to Favourable
23 0.002 11%
etal. [7] mers formance (Hedges g) -0.17) t
Single-sprint
-0.05 (-0.2
17 swimming per- SMD 0 050( 12) 6o 0.61 0%  Neutral
formance '
Repeated-inter-
-0.11 (-0.46 t
Huang et al. _ 17 val swimming SMD 011 (046 to 056 0%  Neutral
Swimmers 0.25)
[47] performance
17 Physiological re- SMD 0.04 (-0.16 to 071 0%  Neutral
sponses 0.23)
17 Body (?omposr SMD 0.18 (-0.05 to 012 0% Neutral
tion 0.41)

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; ES, effect

size; FFM, fat-free mass; LBM, lean body mass; MD, mean difference; NMA, network meta-analysis;

NR, not reported; NS, not statistically significant; RT, resistance training; SMD, standardised mean

difference. { The broader Choi NMA included 22 studies, but the creatine-specific estimates shown

here were derived from five RCTs. T Negative values represent shorter time to complete the time

trial and therefore favour creatine. # For Lin, et al. [59], 34 studies were included in the review,

whereas 21 studies (424 participants) contributed to the quantitative multilevel meta-analysis.
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3.5. Dose—Response and Safety

Six systematic reviews and meta-analyses addressed dose-related effects, renal func-
tion, adverse outcomes, and physiological responses to creatine supplementation
[11,13,14,16,55,56]. The principal quantitative findings from these reviews are summa-
rised in Table 5. These reviews addressed conceptually distinct outcomes and are there-
fore presented separately below: renal and biochemical markers [14,16,55,56], adverse
events and tolerability [13], and thermoregulation and hydration status [11]. No pooled
estimate combining these outcomes was computed; each review synthesised a single out-
come, and this domain serves only to organise the presentation of the evidence. The prin-
cipal quantitative findings from these reviews are summarised in Table 5. Across the avail-
able evidence, the most consistent finding was an increase in serum creatinine following
creatine supplementation, whereas measures more directly intended to characterise renal
function generally did not differ significantly between creatine and control groups.

In this line, de Souza et al. [14] identified significant increases in serum creatinine
(SMD 0.48, 95% CI1 0.24 to 0.73; I = 22%) and plasma urea (SMD 1.10, 95% CI 0.34 to 1.85;
I2=28%), but no significant difference in creatinine clearance (SMD -12.25, 95% CI -25.75
to 1.44; I = 0%), leading the review authors to conclude that the biochemical changes did
not indicate renal damage. More recent meta-analyses reinforce this distinction between
changes in serum creatinine and evidence of impaired renal filtration. Naeini et al. [16]
reported a significant increase in serum creatinine (MD 0.07, 95% CI 0.01 to 0.12; I? =
69.73%), while GFR did not differ significantly between groups. Although funnel-plot
asymmetry was observed for serum creatinine, trim-and-fill adjustment did not materially
change the pooled estimate.

Tsiaras et al. [55], based on 19 randomised controlled trials and one randomised
crossover study, similarly found an increase in serum creatinine (MD 0.13 mg/dL, 95% CI
0.07 to 0.18), without significant differences in serum urea or estimated GFR. Importantly,
analyses according to supplementation duration did not identify significant differences
between interventions lasting less than or more than one month. The most recent synthe-
sis, by de Souza Almeida et al. [56], provides further evidence that the interpretation of
creatinine-based renal outcomes requires caution. Across 26 studies involving 1036 par-
ticipants, serum creatinine increased significantly (MD 0.14 mg/dL, 95% CI 0.05 to 0.22; I?
= 93.9%), whereas the overall analysis of GFR showed no significant between-group dif-
ference (MD —2.19 mL/min, 95% CI -9.18 to 4.80; I2=54.0%). However, an apparent reduc-
tion emerged when GFR was estimated using creatinine-based methods (MD -10.75
mL/min, 95% CI -17.48 to —4.02), whereas no significant difference was observed when
GFR was assessed using Cr-EDTA (MD 5.89 mL/min, 95% CI -0.30 to 12.08; I2 = 6.3%).
Other renal-related outcomes, including serum urea, albuminuria, proteinuria, and uri-
nary creatinine, also showed no significant differences between groups.

Taken together, these findings indicate a consistent biochemical signal in serum cre-
atinine, observed across four independent meta-analyses (SMD 0.48, 95% CI 0.24 to 0.73
[14]; MD 0.07, 95% CI 0.01 to 0.12 [16]; MD 0.13 mg/dL, 95% CI 0.07 to 0.18 [55]; MD 0.14
mg/dL, 95% CI 0.05 to 0.22 [56]), without a corresponding and consistent signal of im-
paired renal function across the available measures (no significant between-group differ-
ences were observed in creatinine clearance [14] or estimated GFR [16,55,56], including
GFR measured by the Cr-EDTA reference method: MD 5.89 mL/min, 95% CI—0.30 to 12.08
[56]). The discordance is particularly evident when creatinine-based estimates are con-
trasted with Cr-EDTA measurements, suggesting that changes in serum creatinine may
complicate the interpretation of creatinine-derived estimates of filtration rather than nec-
essarily reflecting a true decline in renal function. This discordance is physiologically ex-
pected: serum creatinine reflects not only glomerular filtration but also creatinine genera-
tion, which increases predictably with exogenous creatine intake, so creatinine-based GFR
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equations lose biochemical validity during supplementation, and their estimates should
be regarded as a metabolic artefact rather than evidence of renal stress. In contrast,
measures independent of creatine metabolism, including Cr-EDTA-measured GFR and
urinary markers of kidney injury, showed no evidence of functional deterioration. At the
same time, the very high heterogeneity observed for serum creatinine in de Souza Al-
meida et al. [56] (I? = 93.9%) and the lower certainty assigned to some renal outcomes
indicate that this evidence should not be interpreted as definitive proof of long-term renal
safety.

Evidence concerning other physiological and adverse responses was comparatively
reassuring. In females, de Guingand et al. [13], which included 29 studies involving 951
participants, found no statistically significant differences in total adverse events (RR 1.24,
95% CI 0.51 to 2.98) or gastrointestinal events (RR 1.09, 95% CI 0.53 to 2.24). No deaths or
serious adverse outcomes were reported, and renal and hepatic measures, as well as body
weight, did not differ significantly between groups. Regarding thermoregulation and hy-
dration, Lopez et al. [11] found no statistically significant effect of creatine supplementa-
tion on body temperature during exercise in the heat (MD 0.03 °C, 95% CI -0.07 to 0.13; I?
=36%), and no consistent significant differences were observed for heart rate, sweat loss,
or hydration-related outcomes. Across the included reviews, there were likewise no sig-
nificant differences in total adverse events, gastrointestinal events, or creatinine clearance.

Table 5. Synthesis of the principal effects of creatine supplementation on dose-response and safety

outcomes.
Review P(if:r:a- n ?:d- Outcome Measure Eff((e;;i Sté;l;ate p r Direction
Lopez et Physically Body temperature
active indi- 10 during exercise in MD (°C) 0.03 [-0.07, 0.13] 0.57 36% Neutral
al. [11] .
viduals the heat
15 Serum creatinine SMD 0.48[0.24,0.73] <0.001 22% Increasedi
deSouza  General 5 Creatinine clear- SMD  -1225[-25.75,144] 008 0%  Neutral
et al. [14] population ance
15 Plasma urea SMD 1.10[0.34,1.85] 0.004 28% Increased t
de 18 Total adverse RR 124[051,298] NS 0%  Neutral
Guingand Females ev.ents 5
etal. [13] g  Gastrointestinal RR 1.09[053,224] NS 0%  Neutral
events
Naeini et  General 21 Serum creatinine MD 0.07 [0.01, 0.12] 0.03 69.73% Increased f
al. [16] population 21 GFR MD (mL/min) 3.15(-4.97t0 11.26) 045 33.17% Neutral
26 Serum creatinine  MD (mg/dL)  0.14 [0.05, 0.22] 0.002 93.9% Increased
Creatinine-based . -10.75 [-17.48, o Decreased
Healthy 5 GFR mL/min —4.02] 0.002 0.0% t
de Souza individu- 5 Cr-EDTA GFR mL/min 5.89 [-0.30, 12.08]  0.06 6.3% Neutral
Almeida alsand pa- 18 Serum urea mg/dL -0.52 (-2.97t01.93) 0.676 53.5%  Neutral
etal. [56] tients with 5 Albuminuria mg/L 041 (-2.09t02.90) 0.748 77.5%  Neutral
CKD 6 Proteinuria g/24 h 0.01 (-0.03t0 0.05) 0.633 0% Neutral
11 GFR mL/min 219 (-9.18 t0 4.80) 0.539 54.0%  Neutral
6 Urinary creatinine g/24h) -0.09 (-0.17 t0 0.35) 0.484 67.5%  Neutral
19 Serum creatinine MD (mg/dL)  0.13[0.07, 0.18] <0.01 76.3% Increased t
Tsiaras et General 12 Serum urea MD I(\I/Iné;/dL) -0.60 [-2.15,0.96] 045 2.09%  Neutral
al-[55] population eGFR (mL/min/1.73 -5.20[-15.00,4.60] 0.3 63.71% Neutral
m?)
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NS, not statistically significant; NR, not reported; RR, risk ratio; GFR, glomerular filtration rate. n
studies refers to the number of studies included in the respective review; when the quantitative
estimate was based on a subset of studies, this should be specified in the Supplementary Data S2. 1
Statistically significant increase in serum creatinine; this direction is reported without inferring renal
impairment. 11 Statistically significant reduction in GFR estimated using creatinine-based methods;

this finding was not observed when GFR was assessed using Cr-EDTA.

3.6. Muscle Recovery and Inflammation

Four systematic reviews and meta-analyses evaluated exercise-induced muscle dam-
age (EIMD), muscle recovery, and inflammatory or oxidative stress markers [10,20,21,54].
The principal quantitative findings from these reviews are summarised in Table 6. Across
this domain, the evidence indicates that creatine supplementation may attenuate selected
biochemical responses to strenuous exercise, but there is considerably less evidence that
these changes translate into faster functional recovery or a consistent reduction in sys-
temic inflammation. The most recurrent finding was a reduction in CK concentrations fol-
lowing exercise, with significant effects reported particularly during the 48-96 h post-ex-
ercise period. However, this signal was not consistently reproduced across other markers
of muscle damage, and effects on LDH were less robust. Similarly, reductions in indirect
indices of muscle damage have been reported during the later phase of the acute response,
whereas results during repeated or chronic training have been less consistent, including
evidence of higher damage markers at 24 h in some analyses. Taken together, these find-
ings suggest that the response of EIMD biomarkers to creatine is time- and protocol-de-
pendent rather than uniformly attenuated.

Importantly, the biochemical signal was not accompanied by a similarly consistent
improvement in functional recovery. Across the available meta-analyses, creatine supple-
mentation did not consistently improve post-exercise muscular strength, muscle soreness,
or range of motion, despite reductions in CK under some conditions. Evidence for DOMS
was also inconsistent, with a reduction reported at 24 h in one synthesis but not consist-
ently across other time points or analyses. This divergence between biochemical markers
and functional outcomes is relevant because CK and other circulating indicators primarily
reflect aspects of muscle membrane disruption or cellular damage and should not be in-
terpreted as direct measures of the restoration of force-generating capacity or readiness to
perform. Thus, the available evidence supports a possible effect on biochemical manifes-
tations of exercise-induced muscle stress but provides weaker evidence for accelerated
recovery in a functional sense. A similar pattern emerged for oxidative and inflammatory
responses. Some evidence suggests reduced oxidative stress markers during the acute re-
sponse to muscle-damaging exercise, whereas the more recent synthesis of inflammatory
biomarkers found no significant effects on either acute or chronic CRP or on chronic IL-6.
These findings indicate that any modulation of inflammatory responses is unlikely to rep-
resent a broad systemic anti-inflammatory effect. Rather, the available evidence is com-
patible with a context-dependent response, in which creatine may have greater effects un-
der conditions of acute and high-magnitude physiological stress than in chronic low-
grade inflammatory states. The main quantitative findings from these reviews are sum-
marised in Table 6.

Table 6. Synthesis of the principal effects of creatine supplementation on muscle recovery and in-

flammation outcomes.

Review  Population n Studies Outcome Measure Eff((e;;;:sté;late P e Direction
iami Health -30.94 [-53.1
Jiaming et ealthy CK (overall) WMD 30.94[~53.19, 0.006 99.7% Reduced
al. [21]  young adults —-8.69]
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9 LDH (overall) WMD -5.99 [-14.49,2.50] 0.167 47.2% Neutral

Northeast

etal o] Adults

13 CK (48 h) SMD -1.06 [-1.97,-0.14] 0.02  >75% Reduced

Muscle strength,
13 soreness, ROM —
and inflammation

No significant effect >0.05 Hight Neutral

Adults under-

Doma et al. going muscle-

[10] damaging ex-
ercise

Indirect muscle
damage mark-
ers—acute re-

sponse (48-90 h)

23 SMD  -1.09 (-2.06 to -0.13) 0.03 83%  Reduced

Indirect muscle
damage mark-
ers—chronic re-
sponse (24 h)

23 SMD 0.95(0.04to 1.86)  0.04 67%  Increased

Oxidative
23 stress—acute re-
sponse (24-36 h)

SMD  -1.37(-1.92t0-0.82) <0.001 0%  Reduced

Healthy, ath-
letic and clini-
cal popula-
tions

de Ca-
margo et al.
[54]

8 CRP;eictzte ® SsMD  032[-029,094] 030 28% Neutral

CRP —chronic ef-

SMD
fects

-0.11 [-0.69, 0.48] 0.73 0% Neutral

8 IL'6_fC§‘Crt‘S’mC ®  SMD  -006[-064053] 084 0% Neutral

CK, creatine kinase; LDH, lactate dehydrogenase; ROM, range of motion; CRP, C-reactive protein;
IL-6, interleukin-6; NR, not reported. n studies refers to the total number of studies included in each
systematic review/meta-analysis; individual quantitative outcomes may have been based on subsets
of these studies. T High heterogeneity was reported across several follow-up-specific analyses; exact

I was not consistently reported for every outcome.

3.7. Endurance and VOamax

Two systematic reviews and meta-analyses evaluated endurance-related outcomes
and aerobic capacity [5,44]. The principal quantitative findings are summarised in Table
7. Overall, the evidence did not support a general ergogenic effect of creatine on endur-
ance performance or aerobic capacity. Among trained and elite athletes, Fernandez-Landa
et al. [5], which included 13 studies and 277 participants, found no statistically significant
effect of creatine monohydrate on composite endurance performance (SMD -0.07, 95% CI
-0.32 t0 0.18; p = 0.47; I = 34.75%), with the estimate remaining unchanged after exclusion
of studies with funnel-plot asymmetry (SMD -0.07, 95% CI —0.27 to 0.13; p = 0.49; I2 = 0%).
Similarly, the pooled analysis by Gras et al. [44], comprising 19 randomised controlled
trials and 424 participants, found no evidence of improved aerobic capacity; although
VO:zmax increased in both groups, the increase was smaller with creatine than with pla-
cebo (ES -0.32, 95% CI -0.51 to —0.12; p = 0.002), a pattern that was also observed in the
subgroup of young and healthy participants (ES —0.26, 95% CI -0.49 to —-0.02; p = 0.031)
and in post-intervention comparisons (ES —0.20, 95% CI -0.39 to -0.001; p = 0.049). How-
ever, notably, the young and healthy subgroup showed a higher ventilatory threshold
with creatine supplementation (ES 0.66, 95% CI 0.23 to 1.10; p = 0.003). Thus, the available
evidence suggests that creatine does not enhance endurance performance or VO2max per
se, although isolated improvements in ventilatory threshold may indicate more selective
effects on physiological responses relevant to high-intensity aerobic exercise.
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Table 7. Synthesis of the principal effects of creatine supplementation on endurance and VO2max

outcomes.
Review Population n Studies Outcome  Measure Effect Estimate p I Direction
(95% CI)
. . Composite en-
Ferna - T 1
ernandez rained/elite 13 durance per-  SMD  -0.07 [-0.32,0.18] 047 34.75% Neutral
Landa et al. [5] athletes
formance
VOxmax—
19 change from ES -0.32 [-0.51, -0.12] 0.002 0% Lower
Adults/overall baseline
population VOrmax— _ ~
19 post-interven- ES 0_28 ([) 0(;']39' 0.049 NR Lower
Gras et al. [44] tion ’
VO:max—
Young healthy 14 change from ES  -0.26[-0.49,-0.02] 0.031 0% Lower
adults (sub- baseline
group) Ventilatory o .
6 threshold ES 0.66 [0.23,1.10] 0.003 42.2%  Higher

Note. NR, not reported; ES, effect size; SMD, standardised mean difference. n studies refers to the
number of studies contributing to the corresponding quantitative outcome or subgroup analysis.
Negative values for VO:max represent a lower change or post-intervention value in the creatine
group relative to the comparator; positive values for ventilatory threshold represent a higher thresh-
old. The memory estimate for the subgroup of older adults (66-76 years) derives from only two
primary studies with extreme heterogeneity (I? = 83%) and should be interpreted as a tentative, hy-

pothesis-generating observation requiring replication.

3.8. Cognitive and Mental Health Outcomes

Three systematic reviews and meta-analyses evaluated cognitive and mental health
outcomes associated with creatine supplementation, encompassing memory, broader cog-
nitive domains, and depressive symptomatology [22,45,52]. The principal quantitative
findings from these reviews are summarised in Table 8. Across the cognitive outcomes,
the most consistent signal was observed for memory performance. Both quantitative syn-
theses that examined memory reported statistically significant improvements with crea-
tine supplementation, with broadly similar effect estimates [SMD 0.29, 95% CI 0.04 to 0.53
in Prokopidis et al. [45]; SMD 0.31, 95% CI 0.18 to 0.44 in Xu et al. [22]]. However, the
strength and generalizability of this finding were not uniform across populations. The
earlier synthesis reported a larger effect estimate in adults aged 66-76 years (SMD 0.88,
95% CI 0.22 to 1.55), whereas no effect was observed in younger participants (SMD 0.03,
95% CI —0.14 to 0.20). However, this subgroup finding was based on only two primary
studies and showed substantial statistical heterogeneity (12 = 83%). Furthermore, six of the
ten RCTs included in the review were judged to be at high risk of bias. Therefore, this
finding should be interpreted as tentative and hypothesis-generating rather than as evi-
dence of a clinically meaningful age-specific effect. Confirmation in adequately powered
trials is needed before drawing conclusions about differences in response according to
age. By comparison, the larger synthesis by Xu et al. included 16 RCTs and 492 partici-
pants, reported lower heterogeneity for memory (I> = 21%), and rated the certainty of evi-
dence as moderate. Taken together, these findings provide the clearest evidence within
the cognitive domain for a potential beneficial effect on memory, although the extent to
which this effect varies by age or other participant characteristics remains uncertain.

Likewise, evidence for broader cognitive performance was considerably less con-
sistent. Neither overall cognitive function nor executive function differed significantly

https://doi.org/10.3390/nu18223776


https://doi.org/10.3390/nu18223776

Nutrients 2026, 18, 3776

28 of 50

between creatine and placebo groups, despite point estimates generally favouring crea-
tine. Similarly, attention and processing-speed scores did not show clear between-group
differences. Some improvements were nevertheless observed when outcomes were ex-
pressed as task-completion time rather than performance scores, with lower attention-task
completion times (SMD -0.31, 95% CI -0.58 to —0.03) and processing-speed completion
times (SMD -0.51, 95% CI -1.01 to —0.01) reported with creatine. These effects were not
consistently generalizable across subgroups: the reduction in attention-task time was ob-
served among participants with illness and those aged 18-60 years, but not in healthy
participants or those older than 60 years, whereas the reduction in processing-speed time
was observed in females but not males. The lack of concordance between faster task com-
pletion and corresponding performance scores, together with lower-to-very-low certainty
for several of these outcomes, suggests that these findings should be regarded as domain-
and measure-specific rather than evidence of a broad enhancement of cognitive function.

The evidence for mental health outcomes is similarly suggestive but substantially less
certain. Creatine supplementation was associated with a modest reduction in depressive
symptom scores (SMD -0.34, 95% CI —0.70 to —0.00), and a secondary analysis suggested
greater odds of depression remission (OR 3.60, 95% CI 1.76 to 7.56). However, the certainty
of evidence for depressive symptoms was rated as very low, and the apparent benefit was
strongly influenced by study quality: the effect was not statistically significant in studies
at lower risk of bias (SMD 0.06, 95% CI —0.38 to 0.49), whereas a larger effect was observed
in studies at higher risk of bias (SMD —0.71, 95% CI -1.10 to —0.32; p for subgroup differ-
ence = 0.0016). Moreover, the analysis of treatment response did not show a statistically
significant effect (OR 0.72, 95% CI 0.28 to 1.88).

Table 8. Synthesis of the principal effects of creatine supplementation on cognitive and mental

health outcomes.

n Stud- Meas- Effect Estimate
. . . o

Review Population ies Outcome ure (95% CI) I Direction

Prokopidis Olfjsjt:(iruiiugz 8 Memory SMD  0.29[0.04, 0.53] 0.02 66% Higher

et al. [45] ' 2 Memory SMD  0.88[0.22,1.55] 0009  83% Higher

76 y (subgroup)
o ~Overallcognitive oy 541 020,088 022 75%  Neutral
function
24 Memory SMD  0.31[0.18,0.44] <0.00001  21% Higher
Executive func-
4 Xecu;l;’s UNC oMD 032[-0.08,071] 012 0%  Neutral
Xu et al. 5 bxeeutivefunc oy 05 047,041] 089 0% Neutral
[22] Adults tion time

4 Attention scores SMD  0.22 [-0.40, 0.84] 0.49 61% Neutral
8 Attention time SMD -0.31[-0.58,-0.03] 0.03 18%  Lower time

g  Processingspeed oy 011-038,040] 097 0% Neutral

scores
8 Procesf;‘i speed  oVID 051 [<1.01,-0.01]  0.04 63%  Lower time
D i - L

11 CPTESSWESYMPT gy _034[-0.70,-0.000 NR  71.3% ower
; toms symptoms

Eckert et Adults with or Depression remis Higher

without depres- 3 presst OR  3.60[176,756] NR NR &
al. [52] sion sion odds
T -
2 reatment re OR  072[0.28,1.88] NR NR Neutral

sponse
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NR, not reported; SMD, standardised mean difference; OR, odds ratio. n studies refers to the num-

ber of trials contributing to the corresponding quantitative analysis.

3.9. Methodological Quality and Comparative Synthesis Across Clusters

The methodological quality of the 45 included systematic reviews and meta-analyses
was assessed using AMSTAR-2. None of the included reviews achieved high confidence;
three were classified as moderate, 21 as low, and 21 as critically low confidence (Supple-
mentary Data S1). The confidence rating of each review is presented in Table 1. The ratings
were driven mainly by reporting-related items: only three reviews provided a list of ex-
cluded full-text studies with justification (item 7, a critical item; absent in 89%), and 19
(42%) did not report a pre-registered protocol (item 2), whereas sources of funding of the
primary studies were reported by only four reviews (item 10; 9%). In contrast, items di-
rectly related to the conduct of the meta-analyses were almost universally satisfied, in-
cluding adequacy of the search strategy (item 4; 98%), risk-of-bias assessment (item 9;
96%), appropriateness of meta-analytical methods (item 11; 100%), consideration of risk
of bias when interpreting the results (item 13; 100%), and assessment of publication bias
(item 15; 98%). As a sensitivity analysis, all overlap analyses were repeated after excluding
the 21 reviews rated critically low: the global CCA remained slight (3.92%; 24 reviews),
and every domain retained at least three reviews rated moderate or low confidence, except
endurance/VO:zmax, for which only one review remained. Exclusion of critically low re-
views was therefore not adopted as the primary approach; instead, interpretation was
weighted by methodological confidence through the prioritisation framework described
below.

Accordingly, the number of concordant systematic reviews was not considered a
proxy for independent confirmation of an effect. Rather, when multiple reviews ad-
dressed the same or closely related outcome, findings were interpreted according to the
methodological confidence of the reviews, the degree of primary-study overlap, the re-
cency and comprehensiveness of the evidence base, and the relevance of the review to the
specific population and outcome under consideration. For each major outcome domain,
the review providing the most reliable synthesis according to these criteria was consid-
ered the prioritised review, and its findings were used as the principal basis for interpre-
tation. Other reviews addressing the same outcome were retained as corroborative evi-
dence and were considered in relation to their consistency, methodological confidence,
and overlap with the prioritised review. Thus, concordant findings from reviews based
largely on the same primary trials were not interpreted as independent replications. Con-
versely, consistent findings across reviews with limited overlap were considered more
informative regarding the robustness of the observed effect. The prioritisation process was
applied to guide interpretation rather than to exclude evidence; all eligible reviews re-
mained part of the evidence map and contributed to the overall assessment of consistency
across outcomes.

In the strength and power domain, Kazeminasab et al. [48] was prioritised because it
was the only review addressing strength outcomes in general, healthy and resistance-
trained populations that was classified as moderate confidence according to AMSTAR-2,
having satisfied all seven critical items of the instrument, including a prospective protocol
(item 2), a complete list of excluded studies with justification (item 7), and risk-of-bias
assessment using a validated tool (item 9). The other reviews addressing overlapping
strength and power outcomes in these populations were classified as low or critically low
confidence, most commonly because no prospective protocol (item 2) or list of excluded
studies (item 7) was reported; in addition, the older foundational syntheses appraised trial
quality using reporting checklists rather than validated risk-of-bias instruments (item 9).
These reporting practices became widespread only after the publication of PRISMA 2020,
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which postdates most of the earlier reviews in this domain. The findings of Lanhers et al.
[37], Lanhers et al. [38], Wang et al. [46], Zhang et al. [49] and Gu et al. [18] were therefore
interpreted as corroborative rather than independent confirmations, particularly where
substantial reuse of primary trials was present. Accordingly, apparent consistency across
these reviews was interpreted as convergence of evidence syntheses rather than as evi-
dence of multiple independent replications. In sport-specific populations, Luo et al. [6]
and Luo et al. [51] were also classified as moderate confidence and were considered the
principal reviews for combat-sport and football outcomes, respectively. These analyses
consistently supported benefits for selected power- and performance-related outcomes,
while the magnitude and direction of effects remained outcome- and sport-specific.

For body composition, no included review achieved moderate or high AMSTAR-2
confidence. Ashtary-Larky et al. [1] was therefore prioritised among the relevant reviews
because of its relatively recent search and broader evidence base, while Delpino et al. [41],
Burke et al. [2], Desai et al. [3], and Pashayee-Khamene et al. [17] were considered corrob-
orative evidence. Across these reviews, increases in lean or fat-free mass were generally
consistent, whereas evidence for reductions in fat mass or body-fat percentage was less
consistent. Importantly, the prioritisation of the more methodologically robust review
does not imply that the remaining reviews represent independent replications when they
contain overlapping primary trials. Thus, the apparent breadth of support for changes in
lean or fat-free mass was interpreted in light of both the consistency of findings and the
degree of reuse of underlying primary studies.

For physical function and outcomes in older adults, Davies et al. [19] was prioritised
among the relevant reviews because it provided a relatively broad synthesis of 33 primary
studies and was classified as low rather than critically low confidence. Choi et al. [40],
Devries et al. [9], Dos Santos et al. [4], Sharifian et al. [50], and Yao et al. [58] were inter-
preted as corroborative evidence. The overall direction of findings was favourable for se-
lected measures of physical function and strength, but the confidence in these effects re-
mained limited by methodological quality and variation in populations and interventions.
For recovery and muscle-damage outcomes, Doma et al. [10] was prioritised among the
relevant reviews because it was classified as low confidence and incorporated a compar-
atively broad evidence base. Jiaming et al. [21], Northeast et al. [20], and de Camargo et
al. [54] were treated as corroborative evidence. Collectively, these reviews suggested out-
come- and time-specific effects, particularly for creatine kinase, but did not provide con-
sistent evidence for broader improvements in soreness, muscle damage, or inflammatory
outcomes.

For endurance and aerobic outcomes, Fernandez-Landa et al. [5] was prioritised be-
cause it was classified as low confidence, whereas Gras et al. [44] was classified as critically
low confidence. The available evidence did not support a consistent enhancement of en-
durance performance, and findings varied according to the specific physiological outcome
assessed and the population studied. For cognitive outcomes, Xu et al. [22] was prioritised
because it included a broader evidence base than Prokopidis et al. [45] and was classified
as low confidence. Prokopidis et al. [45] was considered corroborative evidence. The most
consistent signal concerned memory, whereas evidence for overall cognition, executive
function, attention, and processing speed remained less certain. For depressive symptoms,
Eckert et al. [52] represented the relevant evidence synthesis; however, its findings were
interpreted cautiously given the limited methodological confidence and the uncertainty
surrounding the clinical generalizability of the evidence.

For renal outcomes, Tsiaras et al. [55] was prioritised because it was the most recent
review addressing kidney function in healthy and physically active adults and was clas-
sified as low confidence. The reviews by de Souza Almeida et al. [56], Naeini et al. [16],
and de Souza et al. [14] were considered as corroborative evidence. Across these analyses,
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the increase in serum creatinine was relatively consistent, whereas changes in estimated
or measured glomerular filtration and urinary markers of kidney injury were not consist-
ently observed. These findings were therefore interpreted as evidence of a biochemical
change rather than definitive evidence of renal impairment, while recognising the limited
duration of controlled studies. Figure 2 provides an overview of the distribution of quan-
titative findings across thematic clusters and outcomes, together with the methodological
confidence of the contributing reviews. Because 21 of the 45 included reviews (47%) were
rated as critically low confidence, the map should be read as a depiction of an evidence
base with pervasive methodological weaknesses, in which apparently favourable out-
comes rest largely on low- or critically low-confidence syntheses, rather than as an en-
dorsement of broad therapeutic benefit.
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Figure 2. Evidence map of the effects of creatine supplementation across seven thematic domains.
Each bubble represents a key outcome. Horizontal position indicates the predominant direction of
the reported effect, ranging from less favourable (left) to favourable (right), with the central region
representing null, mixed, or inconsistent findings. This positioning is qualitative and does not rep-
resent effect magnitude or numerical cut-offs. Bubble size reflects the number of systematic reviews
contributing to each outcome. Bubble colour indicates the outcome-specific certainty of evidence
reported in the original reviews, based on GRADE or an equivalent framework. Bubble outline in-

dicates the highest AMSTAR-2 confidence rating among the reviews contributing to each outcome.

3.10. Overlap of Primary Studies Across Reviews

Primary-study overlap was assessed across the 45 included systematic reviews using
the citation matrix and the Corrected Covered Area (CCA) index. The citation matrix com-
prised 1001 study-review inclusions corresponding to 395 unique primary studies across
45 systematic reviews, after consolidation of multiple reports, follow-up publications, and
intervention arms originating from the same underlying trials. The resulting global CCA
was 3.49%. The global CCA provided a summary measure of overlap across the complete
evidence base but did not fully capture variation in primary-study reuse across individual
reviews or outcome domains. Pairwise and study-level inspection identified substantial
reuse of primary trials within specific evidence syntheses, indicating that the degree of
independence varied across the literature. Thus, some findings were supported by multi-
ple systematic reviews drawing extensively on the same underlying primary studies,
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whereas other findings were supported by reviews with more limited overlap. Accord-
ingly, concordance across systematic reviews was not interpreted as evidence of inde-
pendent replication. Rather, the extent of primary-study overlap was considered when
evaluating the robustness and apparent consistency of findings, particularly for outcomes
addressed by multiple overlapping evidence syntheses. The complete citation matrix and
detailed pairwise overlap estimates are provided in the Supplementary Data S2.

3.11. Supplementation Protocols and Dosing Patterns Across Clusters

Supplementation protocols were examined as cross-cutting intervention characteris-
tics across the seven thematic domains (Supplementary Table S1). Across the included
reviews, the most commonly reported loading regimen consisted of approximately 20
g/day (typically four 5 g doses) for 5-7 days, followed by a maintenance dose of approxi-
mately 3-5 g/day. However, substantial variation was observed, with fixed daily doses
ranging from approximately 1 to 40 g/day and body mass-adjusted doses from 0.03 to 0.3
g/kg/day.

Supplementation duration also varied across domains. Strength and power reviews
covered protocols lasting 3-180 days, including both short loading-only interventions and
longer supplementation regimens. One review reported 49 trials lasting less than 8 weeks
compared with 21 lasting 8 weeks or longer, illustrating the substantial representation of
shorter interventions. Body-composition reviews predominantly examined chronic sup-
plementation, generally combined with resistance training, with durations ranging from
4 to 365 days. Population-specific reviews showed two distinct patterns: interventions in
older adults and clinical populations generally lasted 7-104 weeks, whereas sport-specific
reviews predominantly examined shorter protocols (5-63 days). Recovery and inflamma-
tion reviews focused mainly on short-term interventions (5-168 days), reflecting their use
in exercise-induced muscle damage models. Safety and physiological-response reviews
covered the widest duration range, from 4 days to 5.6 years, including loading-only pro-
tocols and longer-term supplementation or observational follow-up. Endurance reviews
covered interventions lasting 4-180 days, with a mean duration of approximately 42 days.
Cognitive and mental health reviews included interventions ranging from 5 days to 5
years, with fixed daily doses of 2.2-20 g/day (median approximately 5 g/day). Loading
protocols, typically involving 20 g/day for 5-7 days, were largely restricted to shorter in-
terventions.

Several reviews investigated potential dose- or protocol-related differences, but the
criteria used varied considerably across domains. Examples included comparisons of
daily doses of <5 versus >5 g/day, <8 versus >8 g/day, lower versus higher cumulative
doses, and loading versus maintenance regimens. Other analyses examined supplemen-
tation duration or participant-related moderators rather than dose itself. These differences
in subgroup definitions and analytical approaches limit direct comparisons of dose-re-
sponse patterns across domains.

Regarding the possibility that cognitive benefits may be attributable to acute dosing,
the available evidence does not support this conclusion. Of the 16 trials included in Xu et
al. [22], nine lasted less than 4 weeks. Prokopidis et al. [45] included interventions lasting
5 days to 24 weeks, whereas Eckert et al. [52] included interventions ranging from 4 weeks
to 5 years. Loading-type protocols (approximately 20 g/day for 5-7 days) were reported
mainly in shorter interventions, while longer trials generally used fixed daily doses. Im-
portantly, all three reviews examined dose or duration as potential effect modifiers, but
none identified significant moderation. Xu et al. [22] found no difference between inter-
ventions lasting less than or more than 4 weeks; Prokopidis et al. [45] found no significant
moderation by daily dose (<5 vs. >5 g/day) or duration (<2 vs. 22 weeks); and Eckert et al.
[52] found no association between effect size and daily dose (p = 0.83) or treatment
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duration (p = 0.36). Although the largest numerical effect estimate in Xu et al. [22] was
observed for interventions shorter than 4 weeks (attention time: SMD -0.62, 95% CI -1.25
to 0.01), this finding was not statistically significant. Therefore, current evidence does not
establish that cognitive benefits are preferentially associated with either short-term load-
ing or chronic supplementation.

Overall, supplementation periods of at least 28 days predominated in the evidence
concerning body composition and older or clinical populations, whereas shorter protocols
were more frequent in recovery and sport-specific studies. Strength and power, safety,
endurance, and cognitive domains included a broader range of supplementation dura-
tions. These differences in intervention exposure should be considered when interpreting
findings across domains, as variation in dose and duration may partly contribute to dif-
ferences in observed effects and should not necessarily be interpreted as evidence of do-
main-specific responsiveness.

3.12. Sensitivity Analyses

Leave-one-out sensitivity analyses confirmed the robustness of the overlap estimate:
excluding any single review yielded CCA values between 3.13% and 3.66%, and excluding
the three largest reviews yielded 2.80%, all within the ‘slight’ range. Domain-stratified
analyses showed slight-to-moderate overlap in the largest domains (strength, 8.48%; pop-
ulation-specific, 6.46%; safety, 9.86%), high overlap in body composition (12.93%) and cog-
nitive/mental health (12.50%), and very high overlap in recovery/inflammation (25.56%)
and endurance/VOz2max (18.52%). These latter two domains comprise few reviews cover-
ing largely the same primary studies, which tempers the independence of their conclu-
sions (Supplementary Table S2).

4. Discussion

The present umbrella review synthesised 45 systematic reviews with quantitative
meta-analysis examining creatine supplementation across performance, body composi-
tion, recovery, cognitive, functional, and safety outcomes [48,60]. Overall, the evidence
does not support a uniform effect of creatine across all domains. Rather, the findings in-
dicate a differentiated pattern in which the most consistent evidence concerns selected
measures of muscular strength, power, lean mass, and physical function, whereas evi-
dence for endurance, recovery, inflammation, cognition, mental health, and renal out-
comes is more outcome- and population-specific [22,48]. This interpretation is consistent
with the overall evidence map generated in the present review, which showed a greater
concentration of favourable quantitative findings for strength, power, body composition,
and selected outcomes in population-specific analyses, while other domains contained a
larger proportion of null or heterogeneous estimates. However, the apparent convergence
of findings across reviews should be interpreted in light of the methodological confidence
of the contributing reviews and the extent of primary-study overlap, as multiple meta-
analyses may draw on substantially overlapping sets of primary trials.

An important finding of the present umbrella review is that the apparent size of the
literature should not be equated with high confidence in its conclusions [29]. Although 45
systematic reviews were identified, none achieved high confidence according to AM-
STAR-2; only three were classified as moderate confidence, whereas 21 were classified as
low and 21 as critically low confidence [28,29]. This distinction is methodologically im-
portant because AMSTAR-2 evaluates confidence in the methodological conduct of sys-
tematic reviews rather than the certainty of individual effect estimates. The observed con-
sistency of findings across reviews should therefore be interpreted in conjunction with
methodological confidence, the extent of primary-study overlap, and the characteristics
of the populations, interventions, and outcomes evaluated. Consequently, the expanding
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number of systematic reviews in the creatine literature represents substantial research ac-
tivity, but not necessarily a proportional increase in certainty [61]. Thirty-seven of the 45
included reviews were published from 2021 onwards, illustrating the rapid expansion and
increasing specialisation of creatine research across athletic, ageing, clinical, cognitive,
and safety-related populations [5,12,13]. This growth is scientifically valuable, but it also
introduces an increasingly fragmented literature in which populations, supplementation
protocols, exercise exposure, outcomes, follow-up periods, and analytical strategies differ
substantially between studies and reviews. Thus, a central implication of the present syn-
thesis is that the relevant question is no longer simply whether creatine “works”, but ra-
ther for which outcomes, in which populations, under which conditions, and with what
magnitude and certainty of effect.

4.1. Strength and Power: The Most Consistent Convergence of Findings

Among the domains examined, muscular strength and power provide the clearest
convergence across evidence syntheses. Multiple meta-analyses consistently reported fa-
vourable effects for lower- and upper-body strength, including squat, leg press, bench
press, and chest-press performance [37,38,48,49]. In the present umbrella review, Lanhers
et al. [37] reported significant improvements in squat and leg-press strength, while Lan-
hers et al. [38] identified improvements in bench-press and chest-press strength. More re-
cent analyses reported increases in maximal upper- and lower-body strength in adults
undertaking resistance training, with effects remaining evident in larger and more con-
temporary datasets [46]. These findings are also compatible with earlier meta-analytic ev-
idence showing that creatine combined with resistance training increases maximal weight
lifted in young adults, particularly in resistance-trained men [4,24,46]. The consistency of
these findings across successive generations of meta-analyses is noteworthy. However,
this consistency should be interpreted in light of the methodological confidence of the
contributing reviews: none of the reviews addressing strength and power achieved high
AMSTAR-2 confidence, and only three were rated as moderate, while the remainder were
classified as low or critically low confidence.

A recent analysis restricted to healthy men aged 18-30 years reported moderate-cer-
tainty evidence for greater squat 1IRM and high-certainty evidence for Wingate peak
power, with additional moderate-certainty evidence for fat-free mass, lean body mass,
and Wingate mean power [18]. However, this apparent consistency should not be inter-
preted as evidence of multiple independent replications, because several reviews address-
ing strength and power outcomes incorporated overlapping primary studies. Within the
present synthesis, Kazeminasab et al. [48] was considered the principal evidence synthesis
for broadly defined strength and power outcomes on the basis of its higher AMSTAR-2
confidence, whereas other reviews were interpreted as corroborative evidence. Taken to-
gether, these findings suggest that the strength- and power-enhancing effects of creatine
are not driven solely by a small number of historical studies, as they remain evident in
more recent evidence syntheses. However, confidence in these effects remains limited by
the moderate-to-critically-low methodological confidence of the underlying reviews.

Nevertheless, the magnitude of the effect is not uniform across populations or out-
comes. Zhang et al. [49], for example, reported a substantially larger pooled effect in un-
trained participants than in trained participants, while the high-dose subgroup did not
show a statistically significant effect. This pattern may be compatible with the hypothesis
that baseline training status and muscle creatine availability modify responsiveness, but
subgroup comparisons should be interpreted cautiously because they are based on
smaller numbers of studies and may be affected by confounding, between-study differ-
ences, and multiple testing [62,63]. Some apparently differential effects may reflect study
design or baseline fitness rather than true physiology, as seen in the null findings from
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high-dose short-term supplementation in professional cyclists and in reviews noting
counterintuitive subgroup patterns [48,64]. The present evidence therefore supports a rel-
atively consistent ergogenic effect for selected strength- and power-related outcomes,
while the magnitude and determinants of individual responsiveness remain less certain.

The evidence for power similarly favours a task-specific interpretation rather than a
universal enhancement of performance. Improvements have been reported for repeated-
sprint mean power, jumping performance, Wingate peak power, and repeated-sprint abil-
ity, while other measures such as repeated-sprint peak power and leg-press strength have
been non-significant in some analyses [42,53,65]. Sport-specific analyses also demonstrate
that the magnitude of the effect may vary according to the demands of the sport, with
relatively large effects for power-related outcomes in elite combat-sport athletes but less
consistent effects in football players [6,51]. Accordingly, the most defensible interpretation
is that creatine preferentially benefits high-intensity and repeated-bout performance, ra-
ther than all forms of exercise performance equally.

4.2. Body Composition: Consistent Increases in Fat-Free Mass, but a More Nuanced
Interpretation of Hypertrophy

The largest included meta-analysis, involving 143 studies, reported an increase in fat-
free mass of 0.82 kg, with no statistical heterogeneity for this outcome, while studies in-
volving resistance training generally reported larger effects [17]. Similar findings were
reported by Desai et al. [3], who observed an increase in lean body mass of approximately
1.14 kg, and by Ashtary-Larky et al. [1], whose pooled estimate indicated an increase of
approximately 1.39 kg in fat-free mass among adults undertaking resistance training. Re-
cent evidence increasingly suggests that the body-composition response depends on the
interaction between creatine and resistance training rather than creatine alone [17,18].
Pashayee-Khamene et al. [17] reported that the effects on lean tissue were more pro-
nounced when creatine supplementation was combined with resistance training, while
the 2026 analysis by Gu et al. [18] identified significant gains in fat-free and lean body
mass under resistance-training conditions but not in non-resistance-training conditions.
This pattern is also evident in older adults, in whom several reviews evaluated creatine
primarily in conjunction with resistance training, making it difficult to separate the con-
tribution of supplementation from that of the exercise stimulus [9,19,39]. The same pattern
extends to postmenopausal women: lean-mass gains were more pronounced in the re-
sistance-training trials, whereas the non-training trials were non-significant and the sub-
group difference was significant [15]. This pattern supports the interpretation that creatine
acts primarily as an adjunct to training-induced adaptation, not as an independent hyper-
trophic stimulus [15,18].

An important conceptual distinction is that fat-free mass and lean body mass are
composite measures and cannot be assumed to equal contractile skeletal muscle accretion
[2,43]. This matters for creatine because it can increase total body water and shift water
intracellularly, which can inflate lean-mass estimates without equivalent protein accretion
[2,17]. Direct clinical evidence also supports this caution: in haemodialysis patients, crea-
tine increased fat-free mass and skeletal muscle mass index alongside higher total body
water, mainly from intracellular water [66]. Burke et al. [2] reported a very small pooled
effect favouring creatine supplementation combined with resistance training on regional
skeletal muscle hypertrophy (SMD 0.11, 95% CrI —0.02 to 0.25), with a 96.1% posterior
probability of a positive effect. However, the credible interval included zero, and the esti-
mated magnitude was small, indicating that the evidence for an additional hypertrophic
benefit remains uncertain. This contrasts with findings from previous meta-analyses,
which reported increases of approximately 1.1-1.4 kg in whole-body lean mass. Such dif-
ferences may be partly explained by the fact that whole-body lean mass reflects not only
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changes in muscle tissue but also alterations in body water, including the water retention
associated with creatine supplementation. A randomised trial is directionally consistent
with that concern: a 7-day creatine wash-in increased lean body mass before training, but
creatine did not augment lean-body-mass growth over the subsequent 12-week resistance-
training phase [3].

Adiposity findings are weaker and more mixed than the evidence for lean mass. The
largest GRADE-assessed analysis found a small reduction in body-fat percentage but no
clear reduction in fat mass [17]. Resistance-training meta-analyses in adults under 50 and
over 50 years likewise found small decreases in body-fat percentage, but no statistically
significant reduction in absolute fat mass [39,43]. Desai et al. [3] did report reductions in
both body-fat percentage and body-fat mass during resistance training. By contrast, other
studies found no significant effects on fat mass or body-fat percentage overall, and a recent
older-adult synthesis lost significance after removal of a high-weight study [1,50]. There-
fore, the current evidence is considerably stronger for increasing lean or fat-free mass than
for directly reducing adiposity. Across older-adult and resistance-training meta-analyses,
several resistance-training meta-analyses reported increases in lean or fat-free mass in the
approximate range of 1.2-1.4 kg, whereas fat-loss effects remain small, inconsistent, or
absent in absolute terms [9,15,39]. Therefore, creatine should not be conceptualised pri-
marily as a fat-loss intervention [43,67]. The same caution applies to the lean-mass esti-
mates. The increases of approximately 1.1 to 1.4 kg reported across reviews are based on
syntheses rated as low or critically low confidence according to AMSTAR-2 and partly
involve overlapping primary studies. Therefore, these findings indicate a consistent pat-
tern, but not one supported by high methodological confidence.

4.3. Population-Specific Outcomes: Translational Relevance and Remaining Uncertainty

A major advance in the literature is the expansion of creatine research beyond young
male athletes. The present umbrella review identified 13 reviews addressing population-
specific outcomes across older adults, postmenopausal women, females engaged in exer-
cise, clinical populations, and sport-specific cohorts. In older adults, several meta-analyses
reported improvements in lean mass, strength and selected measures of physical function
[9,39,43,68]. Devries et al. [9] reported increases in fat-free mass, leg-press strength and
chair-stand performance, while Forbes et al. [39] similarly identified greater lean mass and
small improvements in upper- and lower-body strength. More recent evidence further
supports this direction. Davies, et al. [19] reported improvements in sit-to-stand perfor-
mance and lean tissue mass among older adults and adults with chronic disease at risk of
functional disability. Similarly, reviews focusing on adults aged >55 years and >60 years
have reported benefits for resistance-training performance, muscle mass and selected
functional outcomes [50,58]. These findings are potentially important because they extend
the relevance of creatine from sport performance to preservation of physical capacity dur-
ing ageing. Nevertheless, the magnitude and certainty of these effects remain less secure
than those observed for strength and power in younger adults [18,39,69].

Population-specific meta-analyses often involve relatively few trials, and exercise
programmes, nutritional conditions and functional outcomes vary considerably. The con-
trast between the favourable findings in older adults and the predominantly null findings
in individuals with COPD is informative: creatine should not be assumed to produce
equivalent benefits in every condition characterised by muscle weakness or physical lim-
itation [12]. This heterogeneity indicates that the response may depend not simply on the
presence of low physical function, but on the underlying pathophysiology, training stim-
ulus, and capacity for adaptation [15,70]. Evidence in postmenopausal women is similarly
promising but still relatively limited. Naddafha et al. [15] reported a modest increase in
lean mass and a larger improvement in leg-press 1RM, but no statistically significant effect
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on bone mineral density. Overall, current evidence suggests that creatine may comple-
ment exercise in ageing and menopause. However, evidence for outcomes such as bone
health remains insufficient. The consistency across reviews should also be interpreted cau-
tiously because several reviews included the same primary studies, and the methodolog-
ical quality of the evidence syntheses was limited.

4.4. Recovery and Inflammation: Promising Biochemical Signals Without Consistent
Functional Translation

Recovery is one of the clearest examples in which biological signals have not yet
translated into consistent functional benefits [20,21]. Jiaming et al. [21] reported a signifi-
cant reduction in creatine kinase (CK) following exercise, including at 48, 72, and 96 h,
while Northeast et al. [20] similarly identified reductions in CK at selected post-exercise
time points. However, neither review demonstrated consistent improvements across the
broader spectrum of recovery outcomes, with evidence for muscle strength recovery, de-
layed-onset muscle soreness, range of motion, lactate dehydrogenase (LDH), and inflam-
matory outcomes remaining inconsistent [20,21]. The latter review included 13 trials in-
volving 278 participants and evaluated muscle function recovery, soreness, inflammation,
oxidative stress, and biochemical markers of exercise-induced muscle damage [20]. More
recent evidence further supports the heterogeneous nature of this response. In a 2026 sys-
tematic review and meta-analysis of eight randomised controlled trials, de Camarg, et al.
[54] found no significant effects of creatine supplementation on acute or chronic CRP, or
on chronic IL-6, despite reports of favourable effects on other inflammatory mediators in
individual studies conducted under conditions of extreme endurance exercise. This ap-
parent discrepancy between biochemical markers and functional recovery is important
when interpreting the effects of creatine. Creatine kinase is a marker of myocellular mem-
brane disruption and enzyme efflux rather than a direct measure of functional recovery
[71,72].

Thus, a reduction in CK cannot necessarily be interpreted as evidence of faster recov-
ery or improved subsequent exercise performance [71]. Similarly, the absence of con-
sistent effects on CRP and IL-6 suggests that reductions in selected biochemical markers
should not be interpreted as evidence of a broad anti-inflammatory or recovery-enhancing
effect. Rather, the dissociation between reductions in CK and the absence of consistent
improvements in soreness, muscle function, or conventional systemic inflammatory
markers suggests that creatine may modify specific biochemical manifestations of exer-
cise-induced muscle stress without necessarily producing a clinically meaningful acceler-
ation of recovery [10,20]. This interpretation is further reinforced by the context-depend-
ent pattern reported by de Camarg, et al. [54], whereby potentially favourable inflamma-
tory responses were largely confined to acute, high-magnitude physiological stress,
whereas chronic low-grade inflammatory conditions showed predominantly null find-
ings. Accordingly, future research should move beyond isolated biochemical markers and
place greater emphasis on ecologically valid and clinically meaningful outcomes, includ-
ing restoration of force production, subsequent training performance, perceived recovery,
and time to return to baseline function. Standardisation of exercise protocols, supplemen-
tation strategies, outcome definitions, and biomarker sampling times will also be essential
to determine whether the apparent biochemical effects of creatine translate into reproduc-
ible functional benefits [10,54].

4.5. Endurance Performance: Absence of Clear Benefit Rather than Evidence of
Meaningful Impairment

The evidence for endurance performance differs substantially from that for strength
and power [60]. Fernandez-Landa et al. [5] found no statistically significant overall effect
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on composite endurance performance in trained or elite athletes, while Gras et al. [44]
reported lower VO2max values but a higher ventilatory threshold in selected populations.
These findings suggest that creatine should not currently be considered a general endur-
ance ergogenic aid. The apparently paradoxical observation of lower VO2max but higher
ventilatory threshold warrants particular caution. VO2max represents maximal oxygen
consumption, whereas ventilatory threshold captures a distinct physiological transition
related to sustainable exercise intensity [44,73]. Changes in one variable should therefore
not automatically be interpreted as equivalent changes in functional endurance perfor-
mance. Moreover, creatine-induced changes in body mass could influence relative
measures of aerobic capacity without necessarily indicating impairment of exercise capac-
ity [44]. This interpretation is consistent with the physiological rationale for creatine. The
phosphocreatine system is particularly important for rapid ATP resynthesis during high-
intensity exercise, whereas prolonged steady-state endurance depends predominantly on
oxidative metabolism [2]. This distinction is reinforced by endurance reviews noting im-
proved ventilatory threshold with no parallel effect on time to exhaustion, maximal power
output, or relative VO2max [74].

Accordingly, the absence of a meaningful effect of creatine supplementation on con-
ventional endurance performance is consistent with the current evidence, as athlete-fo-
cused reviews generally report no clear improvements in aerobic performance or overall
endurance outcomes [5,8]. This is further supported by a recent randomised trial in pro-
fessional cyclists, which found no consistent benefits for critical power, time-trial or sprint
performance, recovery, or body composition during a strenuous training camp [64]. How-
ever, potential benefits may be more relevant to endurance sports involving repeated
high-intensity efforts, surges, or finishing sprints. Reviews suggest more favourable ef-
fects on repeated-sprint and intermittent power-endurance tasks than on steady-state aer-
obic performance, consistent with evidence that creatine can improve high-intensity re-
peatability and mean power [42,60]. Nevertheless, evidence in endurance athletes remains
limited and heterogeneous, and these context-specific benefits cannot yet be considered
consistently established across sports or protocols [39].

4.6. Cognition and Mental Health: Promising Signals, but Substantially Less Mature Evidence

The cognitive literature represents one of the most rapidly expanding and potentially
consequential areas of creatine research, yet it remains considerably less mature than the
evidence supporting its effects on muscular performance. Of the 45 included reviews, only
two quantitatively synthesised memory performance; both reported improvements in
memory, with standardised effect sizes of approximately 0.29-0.31 [22,45], whereas the
remaining cognitive review addressed depressive symptoms and is discussed below [52].
Xu et al. [22] also observed shorter completion times in tasks assessing attention and pro-
cessing speed; however, these findings were not accompanied by significant between-
group differences in overall cognitive function, executive function, or attention outcomes.
The consistency of the findings for memory is therefore noteworthy, although this con-
vergence should not be interpreted as independent replication because the underlying
primary-study populations may overlap across reviews. This interpretation is further con-
strained by important methodological limitations. Prokopidis et al. [45] included only
eight studies in the quantitative meta-analysis, while six of the ten included trials were
judged to be at high risk of bias. Moreover, the apparent benefit observed in older adults
was derived from only two studies and was characterised by substantial heterogeneity.
Similarly, Xu et al. [22] rated the certainty of the evidence for processing speed, overall
cognitive function, executive function, and attention as low. Taken together, these find-
ings indicate that the current evidence base is suggestive but remains insufficiently robust
to support broad claims regarding cognitive enhancement.
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This cautious interpretation is consistent with the broader literature. McMorris et al.
[75] concluded that evidence for cognitive effects remains equivocal, despite evidence that
creatine supplementation can increase brain creatine content, and highlighted methodo-
logical concerns regarding supplementation protocols and the importance of directly as-
sessing brain creatine availability where feasible. Accordingly, the most defensible inter-
pretation at present is that creatine may exert domain-specific cognitive effects under par-
ticular physiological or demographic conditions, rather than acting as a universal cogni-
tive enhancer. Evidence regarding mental-health outcomes is even less established. Eckert
et al. [52] reported reductions in depressive symptom scores and greater odds of remis-
sion; however, the overall treatment response did not reach statistical significance, and
the certainty of the evidence was rated as very low. These findings should therefore be
considered hypothesis-generating rather than sufficient to support a therapeutic recom-
mendation for depression. Establishing the clinical relevance of creatine in mental-health
treatment will require larger, prospectively registered trials involving clinically diagnosed
populations, standardised antidepressant co-interventions, and clinically meaningful out-
comes. Until such evidence becomes available, the potential role of creatine in the man-
agement of depression should be regarded as promising but preliminary.

4.7. Renal Safety: The Creatinine Signal Must Be Interpreted Within the Biology of
Creatine Metabolism

The renal findings provide perhaps the clearest illustration of why biomarker inter-
pretation is critical when evaluating the safety of creatine supplementation. Across several
meta-analyses, creatine supplementation has been consistently associated with increases
in serum creatinine, whereas most analyses have not identified significant changes in GFR,
eGFR, creatinine clearance, albuminuria, or proteinuria [14,16,55,56]. The most recent ev-
idence further reinforces this distinction. Tsiaras et al. [55] reported an increase in serum
creatinine of 0.13 mg/dL without a significant change in eGFR, while Naeini et al. [16]
similarly found a significant increase in serum creatinine but no significant difference in
GEFR. The analysis by de Souza Almeida et al. [56] is particularly informative because the
apparent reduction in GFR occurred only when GFR was estimated using creatinine-
based methods; no significant reduction was observed when GFR was assessed using Cr-
EDTA. In addition, albuminuria and proteinuria were unchanged.

Within the present evidence hierarchy, Tsiaras et al. [55] provided the principal syn-
thesis for this outcome, while the remaining reviews were interpreted as corroborative
evidence. Importantly, serum creatinine reflects not only glomerular filtration but also
creatinine generation, which may be altered by creatine supplementation and muscle
mass. Thus, an increase in serum creatinine following supplementation should not, in iso-
lation, be interpreted as evidence of renal injury. Consistent with this interpretation, re-
cent renal meta-analyses have characterised the observed increase in creatinine as com-
patible with altered creatinine metabolism in the absence of parallel changes in GFR or
urinary markers of kidney damage [16,55,56]. However, these findings should be inter-
preted within the populations and follow-up durations represented in the available con-
trolled evidence, and do not support an unconditional assertion of long-term renal safety
across all populations. Notably, Tsiaras et al. [55]. highlighted the need for randomised
trials extending beyond one year, given the relative paucity of long-term controlled data.
Accordingly, the most defensible conclusion is that current controlled evidence does not
demonstrate clinically meaningful deterioration of renal filtration in the studied popula-
tions, although longer-duration studies incorporating biomarkers less dependent on cre-
atine metabolism remain warranted.
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4.8. Methodological Fragility of the Evidence Base: Why Quantity Should Not Be Mistaken
for Certainty

A key contribution of the present umbrella review is its demonstration that the ap-
parent consensus surrounding creatine supplementation coexists with substantial meth-
odological fragility in the evidence-synthesis literature. None of the 45 included reviews
achieved high confidence according to AMSTAR-2, and 42 were classified as having low
or critically low confidence [61,76]. This finding is important because the validity of sys-
tematic review conclusions depends not only on the underlying primary studies but also
on the rigour with which evidence is identified, appraised, synthesised, and interpreted
[29,76]. Accordingly, consistency across systematic reviews should not be equated with
high certainty when the methodological foundations of those reviews are limited.

Moreover, agreement across systematic reviews does not necessarily represent inde-
pendent replication of the underlying evidence. The present umbrella review identified
1001 study-review inclusions corresponding to 395 unique primary studies across 45 sys-
tematic reviews, resulting in a global Corrected Covered Area (CCA) of 3.49%. Although
this global estimate provides a summary of overlap across the evidence base, it should not
be interpreted as indicating negligible redundancy across all outcomes or review pairs.
Primary-study reuse varied across the evidence base, and some systematic reviews ad-
dressing similar questions were based substantially on the same underlying primary tri-
als. Accordingly, concordant findings were interpreted in light of the degree of primary-
study overlap, with greater overlap reducing the extent to which apparently consistent
findings could be considered independent evidence [26]. This issue is particularly relevant
for extensively studied outcomes such as muscle strength, lean mass, and physical func-
tion in older adults, for which influential trials may be repeatedly incorporated into dif-
ferent reviews and meta-analyses. To account for this dependence, the present umbrella
review did not treat all systematic reviews as equally informative. When multiple reviews
addressed the same or closely related outcomes, greater interpretive weight was assigned
to those with higher methodological confidence and greater relevance, whereas overlap-
ping reviews were retained primarily as corroborative evidence. This approach helps dis-
tinguish the consistency of findings across reviews from the extent to which those findings
are supported by independent primary evidence. Importantly, the relatively low global
CCA does not preclude substantial local redundancy within specific outcome domains;
therefore, overlap should be interpreted in relation to the distribution of primary studies
across individual evidence syntheses rather than solely through the overall CCA.

Finally, convergence was not defined by statistical significance alone. The interpreta-
tion incorporated effect magnitude, heterogeneity, certainty of evidence, and methodo-
logical quality, thereby avoiding a simplistic classification of the literature as either “ef-
fective” or “ineffective” [19,54]. This broader perspective is particularly relevant to crea-
tine research, in which statistically significant effects may coexist with substantial hetero-
geneity, methodological limitations, or low certainty of evidence. Thus, the apparent con-
vergence of the literature should be interpreted in light of three complementary dimen-
sions: the consistency and magnitude of observed effects, the methodological robustness
of the reviews reporting them, and the independence of the underlying primary evidence.
Taken together, these considerations suggest that the volume and apparent agreement of
the evidence base should not be mistaken for a corresponding level of certainty.

4.9. Strengths and Limitations of the Present Umbrella Review

Several features strengthen the present synthesis. The literature search covered Pub-
Med, Scopus, and Web of Science and was designed to identify systematic reviews with
meta-analysis addressing a broad range of performance, body composition, recovery, cog-
nitive, mental health, functional, and safety outcomes. A total of 684 records were
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retrieved, and 45 systematic reviews with quantitative meta-analysis were ultimately in-
cluded. Restricting eligibility to reviews that provided a quantitative estimate specifically
attributable to creatine also reduced the potential for attributing effects from multi-ingre-
dient interventions to creatine itself. The explicit assessment of primary-study overlap
represents an additional methodological strength. The 1001 study—meta-analysis inclu-
sions were harmonised into 395 unique primary studies, with duplicate publications and
multiple reports originating from the same underlying trials consolidated before calcula-
tion of the Corrected Covered Area. This approach provides information on the structure
and independence of the evidence base that would be overlooked by simply counting the
number of systematic reviews available. In addition, the comparative synthesis explicitly
considered methodological confidence, primary-study overlap, recency, comprehensive-
ness, and clinical relevance when multiple reviews addressed the same or closely related
outcomes, thereby reducing the risk of interpreting concordant but substantially overlap-
ping reviews as independent replications.

Nevertheless, several limitations should be considered when interpreting the find-
ings. First, as is inherent to umbrella reviews, the present synthesis remains dependent on
the methodological quality, reporting, and analytical decisions of the underlying system-
atic reviews, because the primary studies were not independently re-analysed or reas-
sessed in their entirety. Second, certainty-of-evidence assessments were extracted from
the original reviews rather than recalculated de novo and may therefore reflect differences
in the frameworks, criteria, and assumptions applied across reviews and outcome do-
mains. A similar limitation applies to the assessment of risk of bias in the primary studies.
The included reviews used different instruments, including PEDro, the Cochrane RoB 2
tool, the Jadad scale, and the Newcastle-Ottawa Scale, which address distinct methodo-
logical aspects. As these instruments are based on different criteria, their risk-of-bias judg-
ments are not directly comparable across reviews. Therefore, conclusions based on these
assessments should be interpreted with caution. Similarly, the AMSTAR-2 assessment
evaluates the methodological confidence of the systematic reviews rather than the cer-
tainty of individual effect estimates, and a higher AMSTAR-2 rating was therefore used
to guide the relative interpretive weight of overlapping reviews rather than to establish
clinical certainty. Third, the substantial variation in participant characteristics, supple-
mentation protocols, exercise exposure, outcome definitions, and follow-up duration lim-
its the extent to which effect estimates can be directly compared across reviews.

The search strategy may also have introduced retrieval limitations. Eligibility was
restricted to English-language publications and reviews published within the predefined
20-year window (September 2006 to September 2026). In addition, only three biblio-
graphic databases were searched, and the electronic search incorporated meta-analysis-
related terminology and predefined outcome terms. Consequently, relevant systematic
reviews may have been missed because of language restrictions, limited database cover-
age, differences in indexing practices, or the absence of explicit meta-analysis terminology
in their titles or abstracts. Nevertheless, despite the temporal restriction, earlier primary
studies remained substantially represented in the included reviews: 138 of the 395 unique
primary studies (35%) were published in 2005 or earlier, accounting for 389 of the 1001
study-review inclusions and appearing in 40 of the 45 included reviews. The global CCA
should also be interpreted cautiously, as this summary measure does not fully capture the
extent and distribution of redundancy within specific outcome domains or between indi-
vidual pairs of reviews. Finally, despite the increasing number of available reviews, some
domains remain comparatively underdeveloped, particularly cognition, female-specific
outcomes, and renal safety in clinical populations. Further well-designed and adequately
powered primary studies, together with more methodologically rigorous and
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prospectively planned evidence syntheses, are therefore needed to establish the robust-
ness, reproducibility, and generalizability of emerging findings.

4.10. Implications for Future Research

The findings suggest that the next phase of creatine research should prioritise preci-
sion, methodological quality and clinical relevance rather than simply increasing the num-
ber of trials. For strength and power, future studies should prospectively examine poten-
tial effect modifiers such as training status, baseline dietary creatine intake, habitual re-
sistance-training exposure, supplementation dose and duration. The subgroup differences
reported by Zhang et al. [49] illustrate the importance of this approach, but also demon-
strate that existing evidence is insufficient to establish definitive dose-response relation-
ships.

For body composition, future trials should distinguish changes in total fat-free mass
from direct measures of skeletal muscle hypertrophy, as these endpoints are not inter-
changeable [2]. For cognition, harmonised neuropsychological batteries, direct assessment
of brain creatine availability, and better targeting of theoretically responsive populations
may help resolve the current uncertainty [22,75]. For renal safety, future studies should
incorporate measured GFR or biomarkers that are less dependent on creatine metabolism
and should extend substantially beyond the follow-up periods of most existing trials [55].

More broadly, the field would benefit from adequately powered, prospectively reg-
istered randomised controlled trials with standardised supplementation protocols, trans-
parent outcome reporting, clinically meaningful endpoints and prespecified effect modi-
fiers. Improvements are also needed at the level of evidence synthesis, particularly in the
critical methodological domains identified by AMSTAR-2 [29]. The principal knowledge
gap is therefore no longer simply whether creatine produces measurable physiological
effects, but which individuals benefit, from which protocol, for which outcome, and
whether the observed magnitude is sufficiently large to be clinically or practically mean-
ingful. Future evidence syntheses should also minimise unnecessary duplication of sys-
tematic reviews addressing identical PICO questions and should report primary-study
overlaps transparently when multiple reviews coexist within the same outcome domain.

5. Conclusions

This umbrella review indicates that creatine supplementation is associated with ben-
eficial effects on selected measures of muscular strength, power, and lean or fat-free mass,
particularly when combined with resistance training. However, these effects should not
be regarded as universally established, as confidence in the findings is constrained by
substantial methodological limitations in the available systematic-review literature. None
of the 45 included reviews achieved high confidence according to AMSTAR-2, and 42
were classified as having low or critically low confidence, limiting the robustness of the
available conclusions. In addition, considerable variation in populations, supplementa-
tion protocols, exercise exposure, outcome definitions, and follow-up periods limits the
generalizability and direct comparability of findings across domains.

Evidence for physical function in older adults is encouraging but remains less ma-
ture, whereas findings for endurance, exercise recovery, inflammation, cognition, mental
health, and disease-specific outcomes are more heterogeneous and should not be inter-
preted as established effects. Renal analyses consistently show increases in serum creati-
nine, which should be interpreted as an expected consequence of increased creatine turn-
over rather than as an indicator of renal stress or functional decline. Current evidence does
not demonstrate corresponding reductions in glomerular filtration, including when as-
sessed using the reference Cr-EDTA method, or increases in urinary markers of kidney
injury. Nevertheless, evidence regarding long-term renal safety remains limited. Overall,
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the evidence supports outcome-specific rather than universal effects of creatine supple-
mentation. The most consistent findings concern strength, high-intensity power, and lean
or fat-free mass, but these conclusions should be interpreted in light of the limited meth-
odological confidence of the underlying evidence syntheses. Future research should pri-
oritise well-designed, prospectively registered randomised controlled trials with stand-
ardised supplementation protocols, clinically meaningful outcomes, longer follow-up,
and prespecified effect modifiers, together with more rigorous and consistent evidence-
synthesis methods.
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The following abbreviations are used in this manuscript:

1RM One-repetition maximum

AMSTAR-2 A MeaSurement Tool to Assess systematic Reviews 2
ATP Adenosine triphosphate

BMD Bone mineral density

BMI Body mass index

CCA Corrected Covered Area

CI Confidence interval

CK Creatine kinase

CKD Chronic kidney disease

CMJ Countermovement jump

COPD Chronic obstructive pulmonary disease
CONSORT Consolidated Standards of Reporting Trials
Crl 95% Bayesian credible interval

CRP C-reactive protein

DOMS Delayed-onset muscle soreness

EDTA Ethylenediaminetetraacetic acid

EIMD Exercise-induced muscle damage
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ES Effect size

FFM Fat-free mass

M Fat mass

GFR Glomerular filtration rate

GRADE Grading of Recommendations Assessment, Development and Evaluation
IL-6 Interleukin-6

JBI Joanna Briggs Institute

LBM Lean body mass

LDH Lactate dehydrogenase

MD Mean difference

NMA Network meta-analysis

NOS Newcastle-Ottawa Scale

NR Not reported

NS Not statistically significant

OR Odds ratio

PEDro Physiotherapy Evidence Database

PICO Population, Intervention, Comparator, Outcome
PRIOR Preferred Reporting Items for Overviews of Reviews
PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO International Prospective Register of Systematic Reviews
RCT Randomised controlled trial

RoB Risk of bias

RoB 2 Cochrane Risk of Bias 2

ROM Range of motion

RR Risk ratio

RSA Repeated-sprint ability

RT Resistance training

SIGN Scottish Intercollegiate Guidelines Network

SMD Standardised mean difference

VOamax Maximal oxygen uptake

WMD Weighted mean difference

Appendix A

Database-Specific Search Strategies and Retrieval Counts

Search period: 2-8 September 2026. Searches were conducted in PubMed, Scopus,
and Web of Science. The searches were limited to records published within the preceding
20 years, English-language publications, and human studies.

PubMed —Search string:

(“creatine”[tiab] OR “creatine monohydrate”[tiab]) AND (“meta-analysis”[tiab] OR
“metaanalysis”[tiab]) AND (“muscular strength”[tiab] OR strength[tiab] OR power|[tiab]
OR performance[tiab] OR “exercise performance”[tiab] OR “body composition”[tiab] OR
“lean mass”[tiab] OR “lean body mass”[tiab] OR “fat-free mass”[tiab] OR “muscle
mass” [tiab] OR endurance[tiab] OR “endurance performance”[tiab] OR VO2max[tiab] OR
“VO2 max”[tiab] OR “maximal oxygen uptake”[tiab] OR “aerobic capacity”[tiab] OR re-
covery[tiab] OR “muscle recovery”[tiab] OR inflammation[tiab] OR inflammatory[tiab]
OR “oxidative stress”[tiab] OR “exercise-induced muscle damage”[tiab] OR cogni-
tion[tiab] OR cognitive[tiab] OR memory[tiab] OR attention[tiab] OR “executive func-
tion”[tiab] OR “processing speed”[tiab] OR “mental health”[tiab] OR depression[tiab] OR
safety[tiab] OR “adverse events”[tiab] OR tolerability[tiab] OR renal[tiab] OR kidney/[tiab]
OR creatinine[tiab] OR “glomerular filtration rate”[tiab] OR GFR[tiab] OR urea[tiab] OR
proteinuria[tiab] OR albuminuria[tiab]) AND Humans[MeSH Terms] AND English[lang]
AND (“2006/09/02” [Date —Publication]: “6 September 2026”[Date —Publication]).
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Number of included reviews

101

0_
2009

2010

Il Strength and power (n = 11)
B Body composition (n = 6)

Scopus—Search string:

TITLE-ABS-KEY(creatine OR “creatine monohydrate”) AND TITLE-ABS-KEY(“meta-
analysis” OR metaanalysis) AND TITLE-ABS-KEY (strength OR “muscular strength” OR
power OR performance OR “exercise performance” OR “body composition” OR “lean
mass” OR “lean body mass” OR “fat-free mass” OR “muscle mass” OR endurance OR
“endurance performance” OR VO2max OR “VO2 max” OR “maximal oxygen uptake” OR
“aerobic capacity” OR recovery OR “muscle recovery” OR inflammation OR inflamma-
tory OR “oxidative stress” OR “exercise-induced muscle damage” OR cognition OR cog-
nitive OR memory OR attention OR “executive function” OR “processing speed” OR
“mental health” OR depression OR safety OR “adverse events” OR tolerability OR renal
OR kidney OR creatinine OR “glomerular filtration rate” OR GFR OR urea OR proteinuria
OR albuminuria) AND PUBYEAR >2005 AND PUBYEAR <2027 AND LANGUAGE(Eng-
lish).

Web of Science Core Collection—Search string:

TS=("creatine” OR “creatine monohydrate”) AND TS=(“meta-analysis” OR metaanalysis)
AND TS=(strength OR “muscular strength” OR power OR performance OR “exercise per-
formance” OR “body composition” OR “lean mass” OR “lean body mass” OR “fat-free
mass” OR “muscle mass” OR endurance OR “endurance performance” OR VO2max OR
“VO2 max” OR “maximal oxygen uptake” OR “aerobic capacity” OR recovery OR “mus-
cle recovery” OR inflammation OR inflammatory OR “oxidative stress” OR “exercise-in-
duced muscle damage” OR cognition OR cognitive OR memory OR attention OR “execu-
tive function” OR “processing speed” OR “mental health” OR depression OR safety OR
“adverse events” OR tolerability OR renal OR kidney OR creatinine OR “glomerular fil-
tration rate” OR GFR OR urea OR proteinuria OR albuminuria).

Appendix B
Annual Distribution of Included Meta-Analysis

I Recovery and inflammation (n = 4)
Bl Endurance/VO.max (n = 2)

Bl Population-specific outcomes (n = 13) B Cognitive and mental health (n = 3)

Il Dose-response and safety (n = 6)

0

0
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Publication year

Figure Al. Annual distribution of the 45 included systematic reviews and meta-analyses, stratified

by thematic domain.
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