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Impact of creatine supplementation
and exercise training in older adults:
a systematic review and meta-analysis
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Abstract

The aim of this study is to assess the effects of the combination of and exercise training on older adults’ physical
performance and body composition. This meta-analysis was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Scopus, Web of Science, and PubMed
databases (date of access: 30 August 2024) were queried. Twenty articles met the inclusion criteria and a total of
1093 participants (69% females and 31% males) were included in the study. The mean difference (MD) with 95%
confidence intervals (Cls) and the overall effect size was calculated for all comparisons between the creatine plus
exercise training group and placebo plus exercise training group. The PEDro scale was used to evaluate the quality
of articles. Our findings showed that creatine intake and exercise training significantly affect 1RM (kg) in older
adults (mean difference=2.122, Z=3.255, P=0.001). There was a significant effect on fat percentage (%) in older
adults (mean difference = -0.548, Z = -2.231, P=0.026), while creatine intake and exercise training did not have

a significant effect on bone mineral density (BMD) of total body (g/cmz) in older adults (mean difference=0.009,
Z=0.587, P=0.557). By participating in exercise training programs and creatine supplementation, older adults can
improve their functional performance and body composition. However, the effects of exercise training and creatine
supplementation on BMD require further study (PROSPERO registration number: CRD42024581817).
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Introduction

The World Health Organization (WHO) defines aging as
the accumulation of bodily damage, leading to a gradual
physical and mental health decline over time [1]. From
2000 to 2021, the global average healthy life expectancy
at birth increased by 3.57, reaching 61.9 years [2]. The
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including cardiovascular diseases, mobility impairments,
and cognitive dysfunction. However, many of these prob-
lems can be prevented or improved by adopting a more
active lifestyle [4—6]. A lack of physical activity and exer-
cise is directly linked to health issues such as hyperten-
sion, coronary heart disease, osteoporosis, and diabetes
mellitus [7, 8].

Creatine is an ergogenic substance that enhances phys-
ical performance [9],and it has been extensively studied
and used since its discovery in 1832, particularly among
athletes [10, 11]. Also known as methylguanidine-acetic
acid, creatine is naturally produced through a series of
reactions involving the amino acids arginine, glycine, and
methionine, primarily in the liver and kidneys [12]. Cre-
atine supplementation has physiological benefits in older
adults, primarily enhancing muscle strength, lean mass,
and functional capacity [13]. It supports cellular energy
metabolism by replenishing ATP stores, enhancing mito-
chondrial efficiency, and reducing fatigue during physi-
cal exertion [14, 15]. These combined effects emphasize
creatine’s role in reducing age-related muscle and bone
health decline while enhancing overall physical function
[16].

Several studies indicate that creatine can have thera-
peutic effects on various clinical conditions when taken
as a nutritional supplement [17]. However, without
exercise support, creatine alone does not improve mus-
cle strength, physical performance, or overall physical
and mental health [18]. Many studies have assessed the
impact of various supplements on physical performance,
with mixed results [19]. Due to conflicting research find-
ings, the effectiveness of creatine on physical and mental
health in older adults remains debated [19]. For example,
Brose et al. conducted a study on older adults that exam-
ined the impact of creatine supplementation on isomet-
ric strength and body composition following strength
training [20], showing enhanced muscle strength and
improved performance in functional tasks. In con-
trast, Alves et al. found no significant effects of creatine
on strength training, cognitive function, or emotional
parameters [21].

Several systematic reviews and meta-analyses have pre-
viously highlighted the impact of creatine monohydrate
(CrM) supplementation combined with exercise training
in aging adults (48 years old and above) [22-24]. Earlier
reviews, such as those by Candow et al. (2024 and 2025)
[14, 23], summarized general findings regarding CrM
supplementation benefits on muscle and bone health in
older adults, indicating its potential to enhance muscle
gain and manage osteosarcopenia. Stares et al. [24] also
reviewed and summarized the additive ergogenic effects
of creatine on muscles when combined with resistance
training and suggested a prolonged duration for improv-
ing bone density. Similarly, Devries and Phillips (2014)
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[22] meta-analysed the effects of CrM with resistance
training (RT) in older adults, concluding that CrM + RT
improved total body mass, fat-free mass, as well as upper
and lower body strength. More recently, dos Santos et al.
[25] provided a meta-analysis focused on older females
(260 years), reporting that CrM +RT enhanced muscle
strength.

While comprehensive, these prior works are con-
strained by earlier literature search dates, with some rely-
ing on qualitative syntheses, or limited to singular sex
or specific types of exercise training. Thus, an updated
quantitative analysis is needed to address lingering ques-
tions and account for the continuously evolving body of
research. The current meta-analysis addresses these gaps
by incorporating the most recent randomized clinical tri-
als (literature search extended to August 2024) into a rig-
orous quantitative analysis to examine the additive effects
of creatine supplementation during various types of exer-
cise training on physical performance, body composition,
and bone mineral density in older adults aged 55 years
and above.

Methods

Literature review and search strategy

The study protocol for this systematic review has been
submitted to the International Prospective Register of
Systematic Reviews (PROSPERO) database (registration
number: CRD42024581817) and follows the guidelines
set forth by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [26]. The Scopus,
Web of Science, and PubMed databases were accessed on
30 August 2024 using the following search terms: (“exer-
cise training” OR “aerobic exercise” OR “aerobic training”
OR “resistance training” OR “resistance exercise” OR
“physical activity”) AND (“creatine” OR “creatine sup-
plementation” OR “creatine supplement”) AND (“older
adults” OR “elderly” OR “aging” OR “aged” OR “elders”).
These three databases were chosen for their credibility
in meta-analyses and their comprehensive, up-to-date
indexing of peer-reviewed publications across various
disciplines [27]. The risk of selection bias was mitigated
by employing multiple databases with various indexing
practices, broad search terms and manual screening of
the reference list entries to ensure the coverage of all per-
tinent literature.

No restrictions were placed on the year of publica-
tion for the studies included. The selected studies com-
prised randomized controlled trials (RCTs) that involved
an exercise intervention, creatine supplementation, and
participants aged 55 years and older. No restrictions
were placed on the year of publication for the studies
included. We defined individuals aged 55 and older as
representative of the older adult population because the
prevalence of chronic conditions linked to aging, such as



Sharifian et al. European Review of Aging and Physical Activity

hypertension, obesity, and arthritis, begins to rise at this
age. These conditions often double or triple in frequency
as individuals age [4, 28, 29]. Furthermore, approximately
one-fifth of individuals within this age group experience
difficulty with physical activities such as walking and
bending, which is associated with the observed decline in
physical activity that commences at this stage of life [28—
30]. We excluded studies that had exercise interventions
lasting less than two weeks, used mixed creatine formu-
lations (i.e., combined with protein or other dietary sup-
plements), or involved animal subjects. For all included
studies, the comparator group was defined as partici-
pants receiving placebo supplementation combined with
the same exercise training plan as the intervention group.
The outcome measures selected for meta-analysis were
one-repetition maximum (1RM), fat percentage, and
bone mineral density (BMD). These outcomes were cho-
sen due to their clinical relevance in assessing age-related
physiological changes and their consistent reporting
across a sufficient number of included studies, allowing
for robust quantitative synthesis.

Selection process

The search results were exported to the EndNote X8
citation manager, where duplicates were removed. Two
reviewers independently screened the titles and abstracts
for eligibility based on the inclusion and exclusion crite-
ria, and in cases of disagreement, a third reviewer deter-
mined the final action. They then checked the full texts
of the remaining articles against the inclusion criteria.
Each article was assigned a score: 1 for inclusion and 0
for exclusion. In cases where there were discrepancies
between the reviewers’ scores, the final decision was
made based on the opinion of a third reviewer.

Quality and risk of bias assessment

The quality of the selected studies was evaluated using
the Physiotherapy Evidence Database (PEDro) scale,
which consists of 11 scoring items based on the Delphi
list to assess the methodological quality of RCTs [31, 32].
The maximum score on the scale is 10 because the first
criterion, which represents the applicability of the tri-
als, is not included in the total score calculation [31]. A
score below 4 on the PEDro scale indicates “poor” meth-
odological quality, while scores above 7 represent “high”
methodological quality [33—35]. Two reviewers indepen-
dently evaluated the studies, awarding points based on
clear satisfaction with each item. Before finalizing the
scores, the reviewers discussed any contradictions until
a consensus was reached. Risk of bias for the included
studies was evaluated with version 2 of the Cochrane
risk-of-bias 2 tool for randomized trials (RoB 2) [36] by
two independent reviewers. This tool assesses RCTs bias
in five domains including the randomization process,
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deviations from intended interventions, missing outcome
data, measurement of the outcome, and selection of the
reported result. According to the RoB 2 tool scoring sys-
tem, studies are categorized as having low risk of bias,
some concerns, or high risk of bias.

Data extraction

Reviewers extracted data from the selected articles. The
extracted information included: (1) Authors and publi-
cation date; (2) Number of study participants; (3) Study
location and target population; (4) Interventions, spe-
cifically the type of physical exercise and dosage of cre-
atine supplementation; (5) Duration of the intervention;
(6) Number of exercise sessions per week; (7) Summary
of the findings. Also, numerical data related to the mean,
standard deviation, and number of participants in the
pre-test and post-test of the factors analyzed in the meta-
analysis were extracted and recorded in a separate Excel
file and then analyzed in the Comprehensive Meta-Anal-
ysis (CMA) software.

Data synthesis and Meta-analysis

Statistical analyses were conducted using CMA Soft-
ware Version 2.0. We performed a meta-analysis to assess
changes in fat percentage, bone mineral density (BMD),
and one-repetition maximum (1RM) data from pre-test
to post-test by calculating the mean difference (MD)
between the intervention and control groups, along with
a 95% confidence interval (CI). The software was also
used to evaluate heterogeneity among the studies (I?),
and we employed Begg and Egger’s tests to detect any
publication bias. To determine the correlation between
pre-test and post-test results, we used an average value of
0.5, while the sensitivity analysis was assessed using the
one-study-removed method.

Results

Literature search and screening

Two thousand nine hundred six references were exported
after the initial database search (see Fig. 1). After remov-
ing duplicates and reviewing the titles and abstracts, 48
records remained. All publications selected for full-text
review were written in English. Upon reviewing the full
texts, 21 studies did not meet the population age crite-
rion, 4 did not meet the supplementation criterion, and
1 was not an RCT. Ultimately, 20 studies were included
for meta-analysis. The PEDro scale was used to assess
the methodological quality of these studies. None of the
studies scored below 4 on the PEDro scale (Table 1).
Therefore, no studies were excluded from the meta-
analysis based on their PEDro scores. The average PEDro
score for the included studies was 7.95 +0.89. According
to RoB 2 tool scoring results, eleven studies were con-
sidered as high risk of bias; six because of the effects of
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Fig. 1 PRISMA workflow and search strategy flowchart

adherence to intervention and five due to the number
of drop outs from the study and the vague explanation
for their withdrawal. Five RCTs were marked with some
concerns with four lacking information on a prespeci-
fied analysis plan and one with some concerns about the

randomiztation process. Details of the study characteris-
tics are reported in Table 1.

Studies that used dietary supplements along with cre-
atine were excluded to merely focus our analysis on the
added effects of creatine. Furthermore, the vast majority
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of the included randomized trials (16 out of 20) either
monitored participants’ dietary intake and macronutri-
ent distribution or instructed the participants to not alter
their dietary intake. Dietary monitoring was typically
incorporated through 3-day food records or 24-hour
dietary recalls. However, four studies (Faager et al. 2006,
Hass et al. 2007, and Eijnde et al. 2003, Deacon et al.
2008) did not explicitly detail methods for monitoring or
standardizing dietary intake or macronutrient distribu-
tion for the purpose of controlling study outcomes. This
suggests that dietary intake was largely maintained and
unlikely to introduce a confounding effect on creatine
supplementation outcomes [38, 40, 44, 51]. A total of
1093 participants were included in the study, consisting
of 69% females and 31% males.

Effects of creatine supplementation and exercise training
on 1RM

We employed forest plots in the meta-analysis to illus-
trate the I” statistics, which reflect the level of heteroge-
neity. The analysis revealed no significant heterogeneity
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between studies (I> = 0%, P =0.876). Our results indicated
a significant impact of creatine supplementation and
exercise training on 1RM (kg) in older adults (mean dif-
ference=2.122, Z=3.255, P=0.001; see Fig. 2). In a sub-
group analysis that included Arm Curl (P=0.114), Bench
Press (P=0.195), Chest Press (P=0.181), Lat Pull-Down
(P=0.022), and Leg Press (P=0.018), we observed sig-
nificant differences in 1RM between the intervention
and control groups in older adults (Arm Curl, Bench
Press, and Chest Press showed no significant differences).
Finally, exercise training enhances muscle strength in
older adults by increasing 1RM.

Effects of creatine supplementation and exercise training
on BMD

Creatine supplementation and exercise training did not
significantly affect bone mineral density (BMD) of total
body (g/cm?) in older adults, with a mean difference
of 0.009, Z=0.587, and a P-value of 0.557 (see Fig. 3).
Regarding heterogeneity and publication bias, there
was no significant publication bias based on Begg’s test

Study name jﬁ,‘ng}l | Statistics for each study Difference in means and 95% C1
Diffecence | Standad | variance | Lowerlimkt | Upperiink | ZVale | pVae = 2000  -1000 000 1000 2000
Michael E. Rogers et al 2006 A Cul 3300 2922 8537 -1.827 9627 1.335 0182 —f———t
Andrea Brose et al. 2003 Arn Cul 1.600 1.455 2117 -1.252 4.452 1.100 0271 -
2057 1.302 1.696 -0.436 4610 1573 0114 T
Hamilton Roschel et al. 2021 Bench Press 1.000 1.086 113 -1.089 3.083 0.938 0348 -
Damen G. Candow et al 2015 Bench Press | 13.800 9191 84.476 -4.214 31.814 1.501 0133
Camila Lemos Pinto et &l 2016 Bench Press | 1.000 2867 8.2 -4.620 E.520 0343 0727 —e—
Michael E. Rogers et al 2006 Bench Press | 4100 6679 44609 -8.991 17.191 0614 0533
Sarah Johannsmeyer et al. 2016 Bench Press | 2800 1617 134951 -19.969 25.569 024 0810
Andrea Brose et al 2003 Bench Press | 2,400 2518 B339 2535 7.335 0.953 0.340 —t—
Bruno Gualano et al. 2014 Bench Press | 0800 2445 5.981 3993 5.593 0327 0744 —e——
Philip D. Chilibeck et al 2005 Bench Press | 6.000 8158 66,551 -5.983 21,989 0.735 0.462
Philip D. Chilibeck et al 2023 Bench Press | 0300 3465 12008 -6.492 7.092 0.087 0931 ——
Amiri and Sheikholeslamid/ atani 2023 Bench Press | 8730 7936 62931 -6.764 24.344 1.108 0.268
| 1.379 0.821 0.675 -0.230 2.989 1.673 0083 -
Michael E. Rogers et al 2006 Lat pull-dawn | 5.800 5712 32627 -5.395 16.935 1.015 0310
Sarah Johannsmeyer et al 2016 Lat pull-dawr 2900 435 86771 -15.357 21.157 0.:3m 0.756
Amiri and SheikhaleslamiVatani 2023 Lat pull-down | 8550 4035 16.281 0.642 16.458 2119 0.034 e CE—
7.108 3107 9653 1.018 13197 2288 0.022 —— =
Hamilton Roschel et al. 2021 Leg Press 4.000 ins 9.091 -1.910 9.510 1.327 0185
Datren G. Candow et al. 2015 Leg Press 35300 21.216 450121 6,283 76,883 1.664 0.096
Camila Lemos Pinto et &l 2016 Leg Press 22500 16487  271.819 -4.614 54.814 1.365 0172
Michael E. Rogers et al 2006 Leg Press 14.400 12878 165833 10,840 39.640 1118 0.263
Sarah Johannzmeyer et al 2016 Leg Press 8100 13346 178129 -18.059 34,259 0607 0544
&ndrea Brose et al 2003 Leg Press 4500 6.538 43536 -8.432 17.432 0.682 0435
Bruno Gualano et al. 2014 Leg Press 3.800 6.448 41583 8733 16.539 0.605 0.545
Philip D. Chilibeck et al 2005 Leg Press 13.000 16.491 271.9638 -13.323 51.323 1.152 0.243
5613 2.369 5.610 0.871 10.256 2.370 oms —_—
2122 0.652 0.425 0.844 3391 3.255 0.001 S
Fig. 2 Meta-analysis of the effects of exercise training and creatine supplementation on 1RM (kg) in older adults
Study name Statistics for each study Difference in means and 95% Cl
Difference Standard Lower Upper
in means error Variance limit limit Z-Value pValue
Philip ©. Chilibeck =t 5. 2023 -0.001 0.014 0.000 -0.028 0.026 D472 0.543
Philip D. Chilibeck =t al. 2005 -0.001 0.037 0.001 -0.074 0.072 £0.027 0.578
Brunc Gualsno =t al. 2014 -0.010 0.018 0.000 -0.048 0.028 0518 0.605
Michzel E. Rogers ot al. 2008 0,000 0.082 0.003 0102 0.102 0.000 1.000
Camilz Lemos Finto et al. 2018 0.100 0038 0.001 0.025 0175 2.598 0.00% L]
0.00% 0.016 0.000 0.2z 0.040 0.587 0.65T
-0.50 -0.25 0.00 0.25 0.50

Fig. 3 Meta-analysis of the effects of exercise training and creatine supplementation on BMD of total body (g/cm?) in older adults
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Study name Statistics for each study
Difference Standard Lower Upper
in means error  Variance  limit limit
Murray J. Chrusch et al. 2001 -0.200 0.729 0532 -1629 1.229
Andrea Brose et al. 2003 - M 0.000 1.805 3257 -3531 3537
Andrea Brose et al. 2003 - F -1.100 6.411 41.100 -13.665 11.465
S. Bermon et al. 1998 -0.100 1.115 1243 -2285 2085
Bert O. Eijnde et al. 2003 -0.700 0.320 0102 -1326 -0.074
Michael E. Rogers et al. 2006 -1.700 2821 7.957 -7.229 3.829
Camila Lemos Pinto et al. 2016 -0.700 3499 12.240 -7.55T 6.157
Chris J. Hass et al. 2007 -0.600 0.858 0736 -2281 1.081
Hamilton Roschel et al. 2021 -0.300 0.747 0.557 -1.763 1.163
Andreo Aguiar et al , 2013 -0.300 1611 2596 -3458 2858
-0.548 0.246 0.060 -1.030 -0.067
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Difference in means and 95% CI

Fig. 4 Meta-analysis of the effects of exercise training and creatine supplementation on body fat (%) in older adults

Study name S for each study
Difference Standard Lower Upper
in means error  Variance  limit limit
Murray J. Chrusch et al. 2001 -0.200 0.729 0532 -1629 1229
Andrea Brose et al. 2003 - M 0.000 1.805 3.257 -3537 3537
Andrea Brose et al. 2003 -F -1.100 6.411 41.100 -13.665 11.465
5. Bermon et al. 1998 -0.100 1.115 1243 -2285 2085
Michael E. Rogers et al. 2006 -1.700 2821 7.957 -7.229 3829
Camila Lemos Pinto et al. 2016 -0.700 3499 12.240 -7.557 6.157
Chris J. Hass et al. 2007 -0.600 0.858 0736 -2281 1.081
Hamilten Roschel et al. 2021 -0.300 0.747 0557 -1763 1163
Andreo Aguiar et al., 2013 -0.300 1.611 2596 -3458 2858
-0.329 0.385 0.148 -1.082 0425

ZValue p-Value

-0.274 0.784 ——

0.000 1.000

-0.172 0.864

-0.090 0.929 ——

-2.190 0.029 i

-0.603 0.547

-0.200 0.841

-0.699 0.484 —_——

-0.402 0.688 L . o

-0.186 0.852 —_—t

2231 0.026 L

-8.00 -4.00 0.00 4.00 8.00
Difference in means and 95% Cl

ZValue p-Value

-0.274 0.784 +

0.000 1.000 —_—

-0.172 0.864

-0.090 0.929 —_—

-0.603 0.547

-0.200 0.841

0699 0484 ——

-0.402 0.688 ?

-0.186 0.852

-0.855 0.393

-8.00 -4.00 0.00 4.00 8.00

Fig. 5 Meta-analysis of the effects of exercise training and creatine supplementation on body fat (%) in older adults after excluding the study B. O. Ejinde

etal, 2003

(P=0.141) and Egger’s test (P=0.412), which examine the
association between the observed treatment effects and
their standard errors, where a strong association implies
publication bias. We used forest plots to display the I?
statistics, indicating the heterogeneity level. The analysis
shows no significant heterogeneity between the studies
(I = 41%, P=0.142). The sensitivity analysis was assessed
via one study removal method. Removing any individual
study did not change the overall result, and the results
of the meta-analysis remained stable without significant
changes.

Effects of creatine supplementation and exercise training
on body fat

Our results indicate a significant impact of creatine sup-
plementation and exercise training on reducing body fat
(%) in older adults (mean difference = -0.548, Z = -2.231,
P=0.026; see Fig. 4), which suggests that combining exer-
cise training with creatine supplementation can improve
body composition in this population. There was no sig-
nificant publication bias in our assessment of heteroge-
neity and publication bias based on Begg’s (P=0.162)
and Egger’s (P=0.206) tests. We used forest plots in the
meta-analysis to illustrate the I statistics, which indi-
cate heterogeneity among studies. The analysis revealed

no significant heterogeneity between studies (I* = 0%,
P=0.999). We also evaluated the sensitivity analysis via
the one study removal method. This evaluation indicated
that the overall result would change if we excluded the
study by Ejinde et al. (2003), which had a high weight in
the analysis. Therefore, we performed the meta-analysis
again without including the study by Ejinde et al. (2003).
The updated results in Fig. 5 indicated a mean difference
of -0.329, Z = -0.855, and P=0.393.

Discussion

The present meta-analysis was performed on 18 random-
ized-control trials to analyze the effects of creatine sup-
plementation on physical training (>2 weeks) outcomes
in older adults (=55 years old). Our analysis revealed
that adding creatine supplementation to exercise training
significantly increases the 1RM test results and muscle
strength in older adults [53-55]. Our results also cor-
respond with the findings from previous randomized
control trials on the effect of creatine supplementation
during physical training on muscle strength [15, 41, 42,
45, 50]. Amiri et al. reported that creatine supplementa-
tion during a 10-week strength training program in older
adults (mean age 68.1+7.2 years old) doubles muscle
strength gains compared to exercise training alone [50].
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Similarly, Johannsmeyer et al. demonstrated that creatine
enhances muscle strength gains in a 12-week drop-set-
resistance training in aging men [42]. However, several
randomized-control trials reported no added effects on
muscle strength for creatine supplementation during
exercise training. A 2-year randomized control trial on
postmenopausal women concluded that adding creatine
to strength training significantly increases lean mass tis-
sue and walking speed but has no beneficial effect on
muscle strength [39]. Roschel et al. also observed no sig-
nificant improvement in muscle adaptations with the
addition of creatine supplementation to strength training
in frail and pre-frail older adults (age 72+ 6 y) [49]. These
discrepancies may be attributed to differences between
frail and healthy populations’ responses to supplementa-
tion and variations in the sensitivity of different testing
methods to detect small changes in muscle strength.

Our results corroborate previous meta-analysis find-
ings on the effects of creatine on muscle strength in older
adults [22, 56, 57]. According to a meta-analysis, creatine
enhances the results of strength training by increasing
total body mass, fat-free mass, and 1RM in the chest
press and leg press, with no observed effects on fat mass
[22]. In the most recent meta-analysis, Chilibeck et al.
reported that creatine supplementation with strength
training (2-3 sessions/week) for 7-52 weeks signifi-
cantly increases lean tissue mass (about 1.37 kg) in addi-
tion to upper- and lower-body muscle strength in older
adults (57-70 years old) compared to strength train-
ing alone [56]. These findings agree with our 1RM sub-
group analysis results, showcasing that creatine increases
1RM in leg-press (p=0.018) and lat-pulldown (p=0.022)
strength. Improving lower-body muscle strength with
creatine during exercise training is especially vital for
older adults, as these muscle groups tend to lose mass,
power, and strength more markedly with age than upper-
body muscles [58].

Exercise training enhances muscle strength mainly by
facilitating muscle hypertrophy via the release of growth
hormone [59-61], the IGF-1/Akt/mTOR pathway [62—
64], satellite cell activation [61, 62], and myostatin inhi-
bition [65, 66]. It also enhances muscle metabolism and
energy production by activating Ca**-dependent signal-
ing pathways [64], AMPK signaling [64] and maintaining
mitochondrial quality and quantity, which decline with
muscular aging [64, 67-69]. Creatine supplementation
amplifies these effects by increasing intramuscular phos-
phocreatine (PCr) -providing an energy buffer and higher
body capacity for exercise training [56] and promoting
satellite cell proliferation [70-72], IGF-1 recruitment [72,
73] and glycogen accretion [70, 74], in addition to its anti-
catabolic effects [75]. These events help maintain energy
levels during short-duration, high-intensity exercises and
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promote muscle recovery, enhancing the body’s ability to
train with greater volume and improve adaptation.

Our initial analysis indicated that combined exercise
and creatine supplementation significantly affect body
fat percentage, aligning with findings from Aguiar et
al. [47] and Brose et al. [20] regarding changes in body
composition, particularly fat-free mass. The mechanisms
behind these findings may involve enhancing intramus-
cular creatine stores, which can elevate ATP resynthesis
and improve exercise performance, resulting in greater
muscle hypertrophy and a higher metabolic rate, thereby
reducing body fat percentage [76-79].

In our evaluation of bias risk using the one-study-
removed method, we found that most studies included
in this meta-analysis showed no significant change in
body fat percentage following the combined use of cre-
atine supplements and exercise in older adults. Notably,
the results for body fat percentage were no longer signifi-
cant after excluding the study by Eijnde et al. [44], which
had a larger sample size, thereby carrying more weight in
the overall analysis. Consequently, when we removed this
study, our overall findings indicated no significant change
in body fat percentage. Given these conflicting results,
there appears to be insufficient evidence to support a
definitive conclusion regarding the effects of creatine
supplementation and exercise on body fat percentage
in older adults. Further research with larger and more
consistent sample sizes is necessary to understand these
findings better and reach conclusive results.

Our meta-analysis indicates that physical activity in
combination with creatine has no significant effect on
BMD in older adults. This finding aligns with the results
of most studies included in our analysis, such as those by
Chilibeck et al. (2015) and Rogers et al. (2005) [45, 80].
The lack of significant findings in our analysis may be due
to several factors, one of which is the length of the inter-
ventions. In many studies, this duration may have been
too short to observe changes in BMD. Additionally, there
is a lack of literature addressing this issue.

Additionally, variations in the types and intensities of
the exercise protocols used across studies could have
influenced the outcomes. Differences in baseline health
and training intensity may explain variations in results
across studies. Some studies included participants with
specific health conditions, Some research included par-
ticipants with specific health conditions, such as frailty
or Parkinson’s disease [38, 49], which may lead to less
effective responses to exercise and creatine than healthy
older adults [20]. Similarly, studies involving participants
with bone conditions like osteopenia or osteoporosis
[15] might demonstrate different effects on BMD com-
pared to studies with participants who do not have these
conditions.
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To better understand the potential effects of creatine
and exercise on BMD, we suggest that future research
focus on longer intervention periods and include specific
weight-bearing or high-impact exercises known to stimu-
late bone growth. Moreover, performing more large-scale
randomized controlled trials to confirm these findings
would be beneficial.

Previous randomized control trials on older adults have
examined various dosing regimens for creatine monohy-
drate. Loading a dose of 20 g/d for 5 to 7 days and 5-7 g/d
has improved muscle strength during exercise train-
ing [15, 21, 38, 81]. Likewise, 5-7 g/d (or 0.1 g/kg/day)
creatine monohydrate has also augmented the effects of
exercise training on muscle strength and lean mass [20,
46, 47, 80]. In previous studies, no adverse kidney and
liver function events have been associated with these
dose regimens. However, gastrointestinal events were
previously reported with both dose regimens, especially
during the loading phase in older adults, which lowers
patient compliance and adherence to the supplement
administration [41]. Studies show that the additive effects
of creatine monohydrate supplementation on muscle
strength gains during exercise training are observed with
treatment durations exceeding 12 weeks, and no serious
adverse effects have been noted for up to two years [15,
20, 21, 38, 46, 47, 80, 81]. Further studies are required to
compare the effectiveness and adverse effects of the two
dosing regimens and to establish the appropriate dos-
ing and intervals between courses of supplementation
for older adults. Furthermore, additional longitudinal
cohort studies are necessary to investigate the persistence
of creatine supplementation effects on muscle strength
after discontinuation and the adverse effects of long-term
creatine use in older adults, particularly since this popu-
lation exhibits decreased kidney and liver function com-
pared to young, healthy individuals [82-84].

The results of this meta-analysis on the benefits of cre-
atine supplementation in conjunction with exercise train-
ing show significant potential for enhancing the health
and well-being of older adults. The combined effects of
these strategies on muscle strength directly address sar-
copenia, a common condition in aging populations char-
acterized by the progressive loss of muscle mass and
function [49, 58, 85]. Sarcopenia contributes to issues
such as cachexia, osteoporosis, and frailty, which can fur-
ther reduce mobility, increase the risk of falls and frac-
tures, and deteriorate the quality of life for older adults
[49, 58, 85]. Physical training, especially resistance train-
ing, is recognized as the most effective intervention for
combating sarcopenia. Combined with creatine sup-
plementation, it can further enhance muscle health in
older individuals [57, 75, 86]. Our findings highlight the
importance of integrating creatine supplementation into
exercise training programs for older adults to improve
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their physical independence and overall quality of life.
However, more research is necessary to establish specific
dosing guidelines and assess creatine supplementation’s
long-term safety in older populations.

The literature review for this meta-analysis focused
on three search engines and databases: PubMed, Sco-
pus, and Web of Science. Due to their age, certain
studies’ data could not be acquired, and the original
datasets are no longer accessible. Moreover, given that
the included studies were of moderate quality accord-
ing to the Cochrane RoB 2 tool, the results of the present
study should be interpreted with caution. Furtheremore,
despite heterogeneity across study populations, subgroup
analyses based on sample characteristics (e.g., healthy,
frail, or diseased older adults) or intervention specificities
(different doses and types of exercise) were not plausible
since, there will be limited number of studies (only one or
two) in each potential subgroup, insufficient for a robust
meta-analysis. Expanding the existing literature on this
topic will allow distinct analysis of these variables across
diverse populations in future studies, thereby provides
more accurate results.

Conclusion

This systematic review and meta-analysis found that
older adults can enhance their functional performance
and body composition by participating in exercise train-
ing programs and creatine supplementation. However,
more research is needed to determine the effects of exer-
cise training and creatine supplementation on BMD.
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