
DOI: 10.1002/jpen.2607

R EV I EW

Creatine supplementation for optimization of physical
function in the patient at risk of functional disability:
A systematic review and meta‐analysis

Thomas W. Davies BMBS1,2 | Naomi Watson BMBCh1,2 |

James J. Pilkington PhD3 | Thomas J. McClelland BMBCh1,2 |

Giada Azzopardi MBBS1,2 | Rupert M. Pearse MD1,2 | John Prowle MD1,2 |

Zudin Puthucheary PhD1,2

1William Harvey Research Institute, Barts and

The London School of Medicine & Dentistry,

Queen Mary University of London,

London, UK

2Adult Critical Care Unit, Royal London

Hospital, London, UK

3Centre for Bioscience, Manchester

Metropolitan University, John Dalton Building,

Manchester, UK

Correspondence

Thomas W. Davies, BMBS, Critical Care and

Perioperative Medicine Research Group, Adult

Critical Care Unit, Royal London Hospital,

London, E1 1BB, UK.

Email: thomas.davies6@nhs.net

Funding information

None

Abstract

Background: The efficacy of creatine replacement through supplementation for the

optimization of physical function in the population at risk of functional disability is

unclear.

Methods: We conducted a systematic literature search of MEDLINE, EMBASE, the

Cochrane Library, and CINAHL from inception to November 2022. Studies included

were randomized controlled trials (RCTs) comparing creatine supplementation with

placebos in older adults and adults with chronic disease. The primary outcome was

physical function measured by the sit‐to‐stand test after pooling data using random‐

effects modeling. We also performed a Bayesian meta‐analysis to describe the

treatment effect in probability terms. Secondary outcomes included other measures

of physical function, muscle function, and body composition. The risk of bias was

assessed using the Cochrane risk‐of‐bias tool.

Results: We identified 33 RCTs, comprising 1076 participants. From six trials

reporting the primary outcome, the pooled standardized mean difference (SMD) was

0.51 (95% confidence interval [CI]: 0.01–1.00; I2 = 62%; P = 0.04); using weakly

informative priors, the posterior probability that creatine supplementation improves

physical function was 66.7%. Upper‐body muscle strength (SMD: 0.25; 95% CI:

0.06–0.44; I2 = 0%; P = 0.01), handgrip strength (SMD 0.23; 95% CI: 0.01–0.45;

I2 = 0%; P = 0.04), and lean tissue mass (MD 1.08 kg; 95% CI: 0.77–1.38; I2 = 26%;

P < 0.01) improved with creatine supplementation. The quality of evidence for all

outcomes was low or very low because of a high risk of bias.

Conclusion: Creatine supplementation improves sit‐to‐stand performance, muscle

function, and lean tissue mass. It is crucial to conduct high‐quality prospective RCTs

to confirm these hypotheses (PROSPERO number, CRD42023354929).
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INTRODUCTION

Half of the people aged ≥65 years in the United Kingdom are expected

to live the remainder of their lives with a limiting physical or mental

health condition, increasing their risk of functional disability and need

for care and support.1 Acquired functional disability, defined as a new

inability to perform the tasks required for independent living, is

because of physical impairments, including muscle weakness, reduced

mobility, recurrent falls, and fatigue.2 In England, this is projected to

rise 67% by 2040, reflective of a global trend of the increasing burden

of chronic disease and multimorbidity among the aging population of

high‐income countries.3,4 Multimorbidity is also becoming more

prevalent in the middle‐aged population, with 30% of people with

four or more conditions now <65 years old, adding to the concern of

this growing public health issue.5–7 Functional impairments and loss of

independence are, therefore, appropriate, necessary, and urgent

outcomes for research to target.

Populations at risk of acquired functional disability are more likely

to have increased healthcare utilization and hospitalization with poor

outcomes, including the need for care facilities.8,9 Acute illness results

in skeletal muscle wasting, a major determinant of this functional

disability following hospitalization.10,11 Sarcopenia, the age‐related loss

of muscle mass and function, is also a strong predictor of health

outcomes, with high personal, social, and economic burdens when left

untreated.12,13 Muscle wasting in illness and aging results from

decreased muscle protein synthesis underpinned by cellular bioener-

getic failure and mitochondrial dysfunction characterized by a

reduction in myocellular adenosine triphosphate (ATP) and phospho-

creatine (PCr) levels.10,14–17 Creatine (methyl‐guanidine‐acetic acid), a

popular nutrition ergogenic dietary supplement for athletes, theoreti-

cally has the potential to correct this bioenergetic failure and muscle

atrophy and has, therefore, generated considerable clinical interest.

Creatine is a naturally occurring nonprotein amino acid compound

found primarily in meat and seafood that is stored mainly in skeletal

muscle as PCr and free creatine.18,19 Intramuscular creatine is

degraded into creatinine and excreted in the urine, requiring the body

to replenish 1–2 g/day through the diet to maintain normal stores.19,20

Vegetarians, people with low meat intake, and older people are at risk

of deficiency, and daily creatine intake has been observed to be 50%

lower than required in large population studies, with 70% of >65‐year‐

old adults consuming <1 g/day.21–23 Reasons for lack of intake in the

United Kingdom among older people include cultural factors (lower

meat consumption especially among those of Asian descent), age‐

related factors (difficulties in meal planning and shopping), and

structural factors (food poverty and social isolation), none of which

are easily modifiable.24,25 Creatine replacement may, therefore, have a

role in those patients at risk of creatine malnutrition.

The primary metabolic role of creatine is to combine with a

phosphoryl group to form PCr. The energy released from the

hydrolysis of PCr can be used to resynthesize ATP (PCr and

adenosine diphosphate ↔ Cr and ATP), helping to provide ATP

availability during muscle contraction26,27 (Figure 1). Dietary supple-

mentation of creatine increases total muscle creatine, PCr, energy

stores, and PCr resynthesis, increasing anaerobic energy capacity,

decreasing protein breakdown, and increasing muscle mass and

exercise performance.19,20,28–30 The effects of creatine supplemen-

tation have been studied in a variety of chronic diseases in which

muscle wasting is present, including diabetes, cancer, heart failure,

and respiratory disease, with varying results.31–34 In previous meta‐

analyses, creatine in combination with resistance training improves

lean body mass and muscle strength in the older population, making it

highly plausible that it may be effective in improving physical

function in those at risk of functional disability.35–38 This systematic

review and meta‐analysis will update and build on this previous work

by including populations with chronic disease and studies that do not

use resistance training. We investigated the effect of creatine

supplementation on physical function in populations at risk of

functional disability, namely the older population and those with

chronic disease, using outcomes that are patient centered and

relevant to normal daily activities.

METHODS

The study protocol was registered with the PROSPERO International

Prospective Register of Systematic Reviews (CRD42023354929) and

is reported in line with the Preferred Reporting Items for Systematic

Reviews and Meta‐Analyses guidelines.

Outcomes were mapped to a recent core outcome set (COS) for

trials of nutrition and metabolic interventions in critical illness, a

population in which functional disability is common.39 Physical

function, muscle function, and nutrition status were all essential

domains to be measured in future trials. The sit‐to‐stand (STS) test, a

recommended measurement instrument in the COS, is a well‐defined,

validated functional performance test that has been extensively used

and has had its properties examined across a spectrum of chronic

diseases, with healthy age‐ and sex‐matched data over normal ranges

available.40,41 This widespread use and patient acceptability stem

from the fundamental role that the ability to stand from sitting

unaided has in maintaining one's independence of function and

activities of daily living (eg, getting out of bed, going to the toilet, or

getting up from a chair).

Search strategy and selection criteria

The search process was carried out by two authors (Thomas W.

Davies and Naomi Watson) who independently identified all relevant
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studies. The search was conducted on multiple electronic databases,

including MEDLINE (via www.ovidsp.ovid.com), CENTRAL (via www.

cochranelibrary.com), EMBASE (via www.ovidsp.ovid.com), and

CINAHL (via Healthcare Databases Advanced Search). Each database

was searched from inception to November 3, 2022, for original

articles in peer‐reviewed journals, excluding conference proceedings

and publications in abstract form only. No limits for language, date, or

geographical region were used. The full search strategies are available

in the Supporting Information. The references of all included papers

were reviewed against our inclusion criteria, and relevant review

articles and editorials were reviewed to identify any other studies

missed during the primary search.

Trials were considered eligible if they (1) were a randomized or

quasi‐randomized controlled trial; (2) compared creatine at any dose

with no creatine (defined as placebo or control); (3) used creatine as

the sole metabolic intervention; (4) enrolled either healthy older

adults or adults (age ≥18 years) with chronic disease, excluding

neuromuscular disease; (5) had a treatment duration of <12 months;

and (6) provided information on the prespecified primary (physical

function) or secondary outcomes (muscle function; body composi-

tion). The primary outcome was physical function measured by STS.

Secondary outcomes were physical function measured by other

validated performance scales, muscle function (handgrip strength, leg

press strength [1‐rep maximum], and chest press strength [1‐rep

maximum]), and body composition (lean tissue mass).

The pathophysiology of muscle wasting in neuromuscular disease

affecting the nervous system and neuromuscular junction was

considered distinct from chronic disease and aging, and, therefore,

trials of neuromuscular disease were not included to reduce

heterogeneity. In addition, studies involving a treatment duration of

≥12 months were considered not relevant to the target population

because extended supplementation might not be practical or feasible

in a clinical setting. Previous work has demonstrated that an

increased duration between a drug intervention and outcome

decreases adherence by 1% a month, highlighting the need for a

short‐term goal.42

Study selection

After the removal of duplicates, two investigators (ThomasW. Davies

and Naomi Watson) independently screened titles and abstracts for

relevance. Full texts were reviewed against predetermined eligibility

criteria by two authors (ThomasW. Davies and Naomi Watson) acting

independently and blinded to each other. Interrater disagreements in

the study selection were resolved by discussion and consensus or

F IGURE 1 Diagrammatic representation of creatine metabolism. Creatine is taken up from the diet via intestinal absorption, or by creatine
biosynthesis in the liver. This is initiated in the kidney where AGAT catalyzes the transfer of an amidino group from arginine to glycine resulting
in GAA and L‐ornithine. GAMT catalyzes the reaction which converts GAA to creatine. Creatine is taken up from the blood, into skeletal muscle.
Creatine and phosphocreatine are converted nonenzymatically to creatine. AdoHcy, S‐adenosyl‐L‐homocysteine; AdoMet, S‐adenosyl
methionine; ADP, adenosine diphosphate; AGAT, arginine:glycine aminotransferase; ATP, adenosine triphosphate; CK, creatine kinase;
GAA, guanidinoacetate; GAMT, guanidinoacetate N‐methyltransferase.
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with a third author (Zudin Puthucheary) when consensus could not be

reached.

Data extraction

Data were extracted independently by four authors (ThomasW. Davies;

Naomi Watson; James J. Pilkington; Thomas J. McClelland) and included

study design, participant characteristics, inclusion criteria, study

intervention, control treatment, cointervention, follow‐up duration,

and outcome data. The authors (Thomas W. Davies; Naomi Watson;

James J. Pilkington; Thomas J. McClelland) independently assessed the

risk of bias using the Cochrane risk‐of‐bias tool.43 The quality of

evidence was assessed according to the Grading of Recommendations

Assessment, Development, and Evaluation (GRADE) tool.44

Data synthesis

Studies with common methodology for each outcome measure were

grouped to facilitate comparability. Mean differences and SD change

were extracted from each study. Mean differences were calculated as

the preintervention mean subtracted from the postintervention

mean. When SD change was not reported, it was estimated from

preintervention and postintervention SDs (SD‐pre and SD‐post)

according to the Cochrane Handbook for Systematic Reviews of

Interventions.45 We used 0.8 as the assumed correlation between

prescores and postscores based on previous studies.35 Because units

of measurement differed across studies for measures of physical

function and muscle function, the standardized mean difference

(SMD) was used. Weighted MD was used to determine the group

effect on body composition (lean tissue mass).

The primary and subgroup analysis used a random‐effects

DerSimonian–Laird method. Between‐study heterogeneity was evalu-

ated using the I2 test, and we considered heterogeneity as I2 >50%.

Forest plots were generated for study‐specific effect sizes, along with

95% CIs and pooled effects. A P value ≤0.05 was considered statistically

significant. We assessed for publication bias by inspecting funnel plots in

those outcomes with >10 studies.45 We used a mixed‐effects meta‐

regression model and a rank correction test to test the funnel plot

asymmetry. Subgroup analysis was performed to examine the influence

of exercise training in combination with creatine supplementation. A

random‐effects meta‐regression with residual maximum likelihood

analysis was conducted to assess evidence of an association between

the primary outcome and study duration, participants’ age, and creatine

dose. Meta‐analysis and meta‐regression of data were performed using

the statistical software package Review Manager 5.4 (RevMan 5.4.1)

and JASP (Version 0.17.2).

A Bayesian hierarchical random‐effects meta‐analysis model was

used to further explore the robustness of the results and calculate

the probability of treatment effect. Posterior distributions of the

estimates were obtained, with their uncertainty reported as a 95%

credible interval (CrI). Between‐study heterogeneity was represented

by tau. Because of the limited data available, we used a weakly

informative prior based on empirical work46,47: Inverse‐Gamma

(1, 0.15) for τ and the effect size prior was set as a Cauchy

(0, 0.707). Meta‐analyses were conducted on JASP (Version 0.17.2)

based on the metaBMA package in R, version 4.0.4.48

RESULTS

A total of 4651 studies were identified by the search strategy. After the

removal of duplicates, 3769 studies underwent screening, from which

74 full‐text articles were assessed, with 33 studies meeting the

inclusion criteria (Figure 2). Study characteristics are presented in

Table 1. All studies were at a single center. Study populations included

healthy older adults (n = 560) and those with chronic disease (n = 516);

patient demographics are presented in Table S1. Creatine loading

occurred in 21 of 33 (64%) of studies, and the maintenance dose

ranged from 3 to 20 g or 0.07 to 0.3 g/kg/day, with the most common

dosage being 5 g/day (17/33 studies [52%]). The duration of

supplementation ranged from 5 days to 32 weeks. Seventeen (52%)

studies involved resistance training, 2 (6%) involved pulmonary

rehabilitation, 2 (6%) used mixed aerobic and resistance training, and

1 (3%) used whole‐body vibration training. There were no significant

adverse effects associated with creatine supplementation, but the most

commonly reported side effects were gastrointestinal disturbance

(n = 6) and muscle cramps (n = 3).

Quality of evidence and risk of bias

The GRADE quality assessment for each outcome is shown in the

Supporting Information (Table S2). The quality of evidence for all

outcomes was low or very low. Among the included studies, 2 (6%) had

a low risk of bias, 20 (61%) had a high risk, and 11 (33%) had some

concerns (Figure S1). There was no evidence of a publication bias on

the effect of creatine supplementation on outcomes, with sufficient

studies based on the funnel plots, mixed‐effects meta‐regression

model, and rank correction test (Figure S2).

Primary outcome

Physical function: STS

Nine studies measured a variation of the STS test, six studies

used comparable methodology, and data were available for

meta‐analysis.31,49–56 Creatine supplementation, when compared

with placebo, significantly increased STS performance (n = 188;

SMD: 0.51; 95% CI: 0.01–1.00; I2 = 62%; P = 0.04; Figure 3).

The result of the Bayesian meta‐analysis was consistent with the

primary analysis (n = 188; SMD: 0.42; 95% CrI: 0.01–0.85; τ = 0.37;

Figure S3), with a 66.7% probability that creatine supplementation was

associated with improved physical function. In the studies not included

392 | DAVIES ET AL.
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in the meta‐analysis, there was no difference between the groups, but

Gostshalk et al demonstrated an improvement in performance after

creatine supplementation when compared with the baseline.56

Secondary outcomes

Physical function: Other measures

Meta‐analysis of pooled studies showed no difference between

creatine supplementation and the placebo for timed up‐and‐go,

walking time, and aerobic capacity (Figure 3; Figure S3). One study

conducted the 6‐minute walk test, with no difference between

creatine supplementation and the placebo.51 Two studies measured

the incremental shuttle walk test, and two studies measured the

endurance shuttle walk test, with no differences between

groups.32,57,58 The physical component of the SF‐36 was measured

in one study, with no difference between the two groups.59

Muscle function: Bench press strength

Sixteen studies measured bench press strength, with data

available from 15 studies for meta‐analysis, including 450

participants.31,49,50,52,53,56,60–69 When compared with the placebo,

creatine supplementation significantly increased bench press

strength when analyzed by frequentist meta‐analysis (n = 450;

SMD: 0.25; 95% CI: 0.06–0.44; I2 = 0%; P = 0.01; Figure 4). The

results were similar using Bayesian methods (n = 450; SMD: 0.24;

95% CrI: 0.04–0.43; τ = 0.14; Figure S4), with a probability of 66.2%

that creatine supplementation improved bench press strength.

Muscle function: Leg press strength

Fifteen studies measured leg press strength, including 463

participants.31,50,52,54,56,60–67,69,70 Creatine supplementation, when

compared with the placebo, did not affect leg press strength when

F IGURE 2 Preferred Reporting Items for Systematic Reviews and Meta‐Analyses flow diagram.
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analyzed by frequentist (n = 463; SMD: 0.07; 95% CI: −0.18 to 0.31;

I2 = 43%; P = 0.61; Figure 4) and Bayesian methods (n = 463; SMD:

0.06; 95% CrI: −0.16 to 0.28; τ = 0.26; Figure S4).

Muscle function: Handgrip strength

Eleven studies measured handgrip strength, including 325

participants.31,32,50,51,55,56,61,65,71–73 Using frequentist meta‐analysis,

creatine supplementation improved handgrip strength compared with

the placebo (n = 325; SMD: 0.23; 95% CI: 0.01–0.45; I2 = 0%; P = 0.04;

Figure 4). The Bayesian analysis yielded consistent results but with

wider confidence intervals (n = 325; SMD: 0.22; 95% CrI, −0.02 to

0.45; τ = 0.12; Figure S4).

Body composition: Lean tissue mass

Data were available for meta‐analysis from 23 studies including 683

participants.31,49,50,53–58,60,61,64,66–68,70,72,74–79 Creatine supplemen-

tation, when compared with the placebo, significantly increased lean

tissue mass by 1.08 kg (n = 683; 95% CI: 0.77–1.38; I2 = 26%;

P < 0.01; Figure 5) when analyzed by frequentist meta‐analysis and

1.03 kg (n = 645; 95% CrI: 0.69–1.40; τ = 0.39; Figure S5) using

Bayesian meta‐analysis, with a probability of >99.99% that lean

tissue mass increases with creatine supplementation.

Subgroup analysis

Studies of creatine supplementation in combination with exercise

training produced greater improvements vs placebo in STS perform-

ance (n = 123; SMD: 0.76; 95% CI: 0.23–1.28; I2 = 48%; P < 0.01;

Figure S6), bench press strength (n = 334; SMD: 0.35; 95% CI:

0.13–0.57; I2 = 0%; P < 0.01; Figure S7), and lean tissue mass

(n = 546; MD: 1.25; 95% CI: 0.83–1.67; I2 = 26%; P < 0.01;

Figure S10). There was no difference when compared with placebo

in leg press strength (n = 379; SMD: 0.22; 95% CI: −0.03 to 0.47;

I2 = 31%; P = 0.08; Figure S8) or handgrip strength (n = 122; SMD:

0.07; 95% CI: −0.29 to 0.43; I2 = 0%; P = 0.71; Figure S9). Meta‐

regression analysis found a significant negative association between

the duration of supplementation and the effect size of creatine

supplementation on the primary outcome (z = −2.64; P < 0.01). There

was no association with creatine dosage (z = 1.55; P = 0.12) or age

(z = −1.38; P = 0.17).

DISCUSSION

In this systematic review, we pooled results from 33 studies, aiming

to investigate the effects of creatine supplementation on physical

function, muscle function, and body composition in a population at

risk of functional disability. Our main finding is that creatineT
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improves physical function, as measured by the STS test. Based on

our primary analysis, upper body muscle strength, handgrip strength,

and lean tissue mass are also improved with creatine supplementa-

tion. Pooled results for other outcomes of physical and muscle

function were not significant. These findings may have important

clinical implications in patients at risk of muscle wasting and loss of

functional independence. Importantly, creatine appears to be safe

without increased incidence of adverse events when compared with

placebo. We performed frequentist and Bayesian analyses to

comprehensively assess treatment effects. Evidence for all outcomes

in the review was graded low or very low quality, and there were

significant differences between the studies, including the duration of

intervention and cointerventions such as exercise.

The ability to stand from sitting unaided is central to ensuring

independence of function.80–82 This movement is a high‐intensity

short‐term task, a form of exercise for which oral creatine

supplementation has been used successfully to improve perform-

ance.19 Our findings support those of two previous meta‐analyses of

older adults demonstrating creatine supplementation in conjunction

with resistance training resulted in greater improvements in STS

performance than that of resistance training and placebo.37,38 This

must be interpreted cautiously because wide confidence intervals

and a low posterior probability suggest some uncertainty regarding

the true effect size. Our additional inclusion of studies using creatine

supplementation as a sole intervention investigating a heterogeneous

population with chronic disease enhances the clinical relevance of

creatine use.

Creatine did not affect other measures of physical function,

including timed up‐and‐go, walking time, and aerobic capacity. This is

perhaps unsurprising, because these measures are predominantly of

F IGURE 3 Forest plots of studies reporting physical function outcomes demonstrated as a standardized mean difference using frequentist
meta‐analysis. The mean change was calculated as the difference between the end point mean and the baseline mean. The SD for the mean
change was calculated using a correlation coefficient of 0.8. CI, confidence interval; df, degrees of freedom; IV, inverse variance.
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endurance capacity and lack the intense nature of exercise that

creatine has been shown to improve.19 STS, in comparison, is

explosive, a more patient‐relevant outcome with greater acceptabil-

ity, and more consistent clinimetric properties.39,83 This highlights the

importance of the choice of outcome measure in future trials of

creatine.

Within sarcopenia research, muscle strength has been recog-

nized as the best predictor of health outcomes.84 Lean tissue mass,

commonly used as a surrogate for muscle mass, is a nondefining

parameter and, therefore, holds less clinical significance.84 Previous

meta‐analyses have consistently found that the combination of

creatine supplementation and resistance training augments lean

tissue mass (0.9–1.3 kg) and upper‐body strength in older adults

when compared with the placebo and resistance training.35–37,85 The

effect on lower body strength is more heterogeneous. We found no

difference between the groups in lower body strength, similar to a

previous meta‐analysis of older adults.85 Improvements in leg press

strength after creatine were seen in other meta‐analyses, specifically

in those in which higher doses were used.35–37 These inconsistencies

may be attributed to the variable levels of intramuscular PCr in

different muscle groups.35 With aging, PCr stores tend to decrease,

particularly in lower limb muscles, which also exhibit more

F IGURE 4 Forest plots of studies reporting muscle function outcomes demonstrated as a standardized mean difference using frequentist
meta‐analysis. The mean change was calculated as the difference between the end point mean and the baseline mean. The SD for the mean
change was calculated using a correlation coefficient of 0.8. CI, confidence interval; Cr, creatine, df, degrees of freedom; IV, inverse variance.
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pronounced declines in strength compared with that of upper‐body

muscle groups.86,87 It is plausible that higher dosages of creatine may

be required to improve lower‐body muscle strength, potentially

accounting for the more frequent instances of negative trials.

Our findings in lower limb strength could also be because of the

inclusion of studies investigating creatine supplementation without

exercise training, adding to the significant heterogeneity seen in this

analysis. Our subgroup analysis demonstrated greater improvements

in physical function, upper and lower body strength, and lean tissue

mass in studies using a combination of creatine supplementation and

exercise training, compared with that of creatine alone. Exercise may

have a synergistic effect with creatine supplementation on stimulat-

ing muscle protein synthesis but is difficult to deliver as an

intervention in the clinical environment.19

In addition to previous works, handgrip strength was seen to

increase with creatine in our primary analysis, a finding replicated in

athletes in the sports science literature.88 Handgrip strength is routinely

used to measure strength and is an indicator of general health status,

specifically for early all‐cause and cardiovascular mortality and

disability.89,90 This finding is, therefore, of clinical importance, although

it must be interpreted cautiously because the lower CRi in the Bayesian

analysis was below zero. Interestingly in our subgroup analysis handgrip

strength did not improve when only trials of creatine supplementation

and exercise training were included. This may be because of the small

number of studies and because studies used specific exercises that did

not target grip strength.

Many of the studies included in the meta‐analysis show divergent

results, with the majority not reporting a between‐group difference in

muscle function or lean tissue mass. Individual studies may lack the

necessary statistical power and additionally, the responsiveness of

creatine in older adults is likely influenced by baseline PCr levels

determined by muscle mass and dietary intake of creatine. This is

highlighted by research in vegetarians who have lower baseline muscle

creatine and PCr content.91 Creatine supplementation improves

muscle creatine and PCr content to a much greater extent in

vegetarians when compared with omnivores, resulting in functional

improvements.91,92 The variability seen in individual studies may be

because patients with creatine malnutrition benefit more from creatine

replenishment, rather than supplementation to supranormal levels,

which could have important clinical implications.

The studies we examined were highly heterogeneous, and there

was inadequate reporting on key determinants, such as baseline muscle

creatine measurement, dietary data, baseline risk of malnutrition, or

socioeconomic status, limiting the potential for subgroup analysis to

identify those patients most at risk of creatine deficiency. The cost‐of‐

living crisis is driving food insecurity among older and vulnerable

people, with one in four people >60 years of age saying they are unable

to eat healthy or nutritious food.93 Because of the complexity of long‐

term dietary interventions in this population, it is vital that future work

identifies those at high risk of malnutrition and low creatine intake.

Short‐term nutrition supplements like creatine introduced at the time

of healthcare interventions, such as surgery or discharge from

the hospital, benefit from defined timescales and are likely to improve

adherence, ultimately driving potential longer‐term behavioral change

and improving outcomes. Interestingly our subgroup analysis indicated

a signal of benefit for short‐term durations of creatine supplementa-

tion; however, it is important to note that this finding is at high risk of

bias because of the small number of heterogeneous studies.

Multimorbidity and aging are associated with functional disability

because of muscle wasting.11,13 The shared common pathway is an

F IGURE 5 Forest plot of studies reporting body composition outcomes demonstrated as a standardized mean difference using frequentist
meta‐analysis. The mean change was calculated as the difference between the end point mean and the baseline mean. The SD for the mean
change was calculated using a correlation coefficient of 0.8. CI, confidence interval; df, degrees of freedom; IV, inverse variance.

JOURNAL OF PARENTERAL AND ENTERAL NUTRITION | 401

 19412444, 2024, 4, D
ow

nloaded from
 https://aspenjournals.onlinelibrary.w

iley.com
/doi/10.1002/jpen.2607 by Sanofi-A

ventis R
echerche, W

iley O
nline L

ibrary on [23/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://aspenjournals.onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fjpen.2607&mode=


imbalance between muscle protein synthesis and breakdown, due, in

part, to reduced muscle ATP concentrations.10,15–17 Anabolic

resistance limits the effectiveness of interventions, such as resistance

training and amino acid supplementation.94,95 These data suggest

creatine may counteract these metabolic effects by addressing

bioenergetic failure enhancing muscle protein synthesis and improv-

ing functional outcomes. This evidence synthesis supports the need

for large hypothesis‐testing trials of creatine treatment to optimize

clinical nutrition therapy in patients at risk of functional disability.

Limitations

Limitations of this meta‐analysis mainly relate to the quality of study

design and heterogeneity of included studies with a lack of

standardization of the intervention and outcomes. Heterogeneity of

outcomes is common in retrospective data synthesis, and future trials

should map outcomes to published standardized COSs helping to

guide future trial development and implementation.39 The quality of

evidence for the primary outcome was poor, and the analysis

included a relatively small number of trials with high heterogeneity

resulting in wide confidence intervals. As a result, subgroup analyses

considering treatment duration, age, and creatine dosage are difficult

to interpret. The risk of bias in many of the included studies was high

because of per‐protocol analysis in the context of missing data

limiting external validity. We did not report on the source of funding

for individual studies and, therefore, cannot rule out the possibility of

bias because of the competing interests of funders. Inconsistent

reporting of data required some SDs to be imputed.45 The population

included in the analysis were all outpatients, limiting the general-

izability to the hospitalized patient at risk of acquired functional

disability, and, therefore, the findings should be regarded as

hypothesis generating for only the inpatient population.

CONCLUSION

Creatine supplementation improves STS performance, muscle func-

tion, and lean tissue mass. Oral creatine supplementation may

counteract muscle bioenergetic failure in those at risk of functional

disability, optimizing their ability to perform functional tasks

independently and improving their quality of life. Given the bias in

many of the included studies, conducting high‐quality prospective

randomized controlled trials in the appropriate population is crucial to

confirm these hypotheses.
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