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Context: From an energy perspective, the brain is very metabolically demanding. It
is well documented that creatine plays a key role in brain bioenergetics. There is
some evidence that creatine supplementation can augment brain creatine stores,
which could increase memory. Objective: A systematic review and meta-analysis
of randomized controlled trials (RCTs) was conducted to determine the effects of
creatine supplementation on memory performance in healthy humans. Data
Sources: The literature was searched through the PubMed, Web of Science,
Cochrane Library, and Scopus databases from inception until September 2021.
Data Extraction: Twenty-three eligible RCTs were initially identified. Ten RCTs ex-
amining the effect of creatine supplementation compared with placebo on meas-
ures of memory in healthy individuals met the inclusion criteria for systematic re-
view, 8 of which were included in the meta-analysis. Data Analysis: Overall,
creatine supplementation improved measures of memory compared with placebo
(standard mean difference [SMD] = 0.29, 95%Cl, 0.04-0.53; ¥ = 66%; P = 0.02).
Subgroup analyses revealed a significant improvement in memory in older adults
(6676 years) (SMD = 0.88; 95%Cl, 0.22-1.55; 1> = 83%; P = 0.009) compared with
their younger counterparts (11-31years) (SMD = 0.03; 95%Cl, —0.14 to 0.20;
Y= 0%; P=0.72). Creatine dose (~ 2.2-20g/d), duration of intervention (5 days
to 24 weeks), sex, or geographical origin did not influence the findings.
Conclusion: Creatine supplementation enhanced measures of memory perfor-
mance in healthy individuals, especially in older adults (6676 years).
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INTRODUCTION

The brain requires a high amount of energy for cellular
processes, such as neurotransmitter exocytosis and syn-
aptic functioning." Creatine, an organic acid obtained
from the diet (primarily from red meat and seafood) or
synthesized endogenously in the liver, the kidneys, and
the brain,” is an important molecule for energy produc-
tion. Phosphocreatine and adenosine diphosphate are
converted to creatine and adenosine triphosphate
(ATP) in a reversible reaction catalyzed by creatine ki-
nase.” This conversion and production of ATP occurs
faster than oxidative phosphorylation and glycolytic
processes.” Creatine supplementation increases brain
creatine content and the ratio of phosphocreatine to
ATP.*® Further, creatine attenuates reactive oxygen
species via facilitation of mitochondrial ATP coupling
or by scavenging radical species in an acellular setting.®

There is a growing body of literature on the neuro-
behavioral and physiological effects of creatine supple-
mentation.””” Given that memory (defined as the ability
to process and retain information) is energetically de-
manding and dependent on intact mitochondrial respi-
ratory function,'’ and considering that creatine is a key
regulator of energy status,” elevation of creatine levels
in the brain may enhance memory by altering brain
bioenergetics. In vitro, creatine elevates phosphocrea-
tine and ATP levels'' and increases oxidative phosphor-
ylation in synaptosomes and isolated brain
mitochondria.'” In hippocampal neuron cultures, crea-
tine stimulates mitochondrial activity."” In rats, intra-
hippocampal injections of creatine in the CA1l subfield
enhances spatial memory formation.'* Further, cAMP-
response element binding protein (CREB), a key tran-
scription factor involved in memory consolidation,® is
upregulated 30 minutes after creatine injection.'* More
recently, Snow et al'® found that 4 weeks of creatine
supplementation in mice increased coupled respiration
in isolated hippocampal mitochondria and improved
memory.

As an example of the importance of creatine in
humans, creatine-deficient syndromes that deplete
brain creatine stores are characterized by mental and
developmental disorders such as learning delays and
seizures'”'%; importantly, these symptoms can be par-
tially reversed by creatine supplementation.'” *'
healthy humans, there are mixed results: some studies
reported benefits on cognitive functioning,>>> while
others found no effect.’*® Likewise, the results of
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research regarding the effectiveness of creatine supple-
mentation on improving measures of memory are
mixed. Elderly study participants (68-85 years) who re-
ceived creatine supplementation (20g/d for 7days)
showed significant improvements in measures of mem-
ory (forward number recall, backward and forward spa-
tial recall, and long-term memory) compared with
those who received placebo.”” Similarly, Rae et al’’
found improvements in working memory following
creatine supplementation (5g/d for 6 weeks) in vegeta-
rians. In a direct comparison of omnivores and vegeta-
rians, Benton and Donohoe** found better memory
following creatine supplementation (20g/d for 5days)
in vegetarians compared with meat eaters. Nevertheless,
this might be attributable to the intake of lower-creatine
vegetarian diets.”®*” Other researchers, however, have
failed to find beneficial effects of creatine supplementa-
tion on measures of memory in children,*
adults®”****** and older adults.”>*> While multifacto-
rial, these inconsistent findings across individual studies
may be related to methodological differences (dosage
and duration of creatine supplementation), population
characteristics (age, sex, geographical origin), or low
sample size. Therefore, a systematic review and meta-
analysis was performed to assess the effects of creatine
supplementation vs placebo on memory performance in
healthy humans.

METHODS

This systematic review and meta-analysis was con-
ducted in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines.”” The protocol was registered in
the PROSPERO (International Prospective Register of
Systematic Reviews) database (CRD:42021281027).

Search strategy

Two independent reviewers (K.P. and P.G.) searched
PubMed, Scopus, Web of Science, and the Cochrane li-
brary from inception until September 30, 2021. A
search strategy involving the following terms was used:
“creatine” OR “creatine monohydrate” AND “cogn*”
OR “memory”. A manual search of references cited in
the selected articles and published reviews was also per-
formed. Discrepancies in the literature search process
were resolved by a third investigator (K.S.K.). Studies
were included according to the PICOS (Population,
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Table 1 PICOS criteria for inclusion and exclusion of studies

Parameter Inclusion criteria

Exclusion criteria

Population Healthy adults

Populations with comorbidities or dietary restrictions (ie, vegan/

vegetarians)

Intervention Creatine monohydrate supplementation

Comparator Placebo
Outcomes Memory performance outcomes
Study design  Randomized controlled trials

Other additional nutritional interventions

Non-placebo control

Other outcomes related to cognitive function

Non-randomized controlled trials, cohort studies, in vivo studies, in vitro
studies

Intervention, Comparator, Outcomes, and Study de-
sign) process (Table 1). The following inclusion criteria
were applied: (1) studies were randomized controlled
trials (RCTs); (2) population comprised healthy partici-
pants; (3) intervention group received creatine supple-
mentation; (4) control group received a placebo; and
(5) memory performance outcomes were assessed.
Studies were excluded if they were not RCTs; if a full
text was not available; if participants with self-reported
comorbidities were included; or if participants with any
specific dietary restrictions (eg, vegetarians) were
included.

Data extraction and risk of bias

Two authors (K.P. and P.G.) extracted data indepen-
dently. Extracted data included name of first author;
date of publication; study design; age, sex, and health
status of participants, number of participants; outcomes
measured; and form, dose, and duration of treatment.
Disagreements between authors were resolved by a
third reviewer (K.K.T.). The quality of included studies
was assessed using version 2 of the Cochrane risk-of-
bias 2 tool for randomized trials (RoB 2) and evaluated
by 3 independent reviewers (K.P., P.G., and K.K.T.).
Appraisal of risk of bias using the RoB 2 tool included
the assessment of the following domains of bias in
RCTs: (1) randomization process, (2) deviations from
intended interventions, (3) missing outcome data, (4)
measurement of the outcome, and (5) selection of the
reported result. In accordance with the RoB 2 tool scor-
ing system, study quality was defined as low risk of bias,
some concerns, or high risk of bias.

Outcome assessment

Memory performance was considered the main out-
come in the analysis and comprised multiple measures
of memory from comparable studies, with no restric-
tions placed on the tool used for assessment.
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Statistical analysis

The meta-analysis compared changes in memory perfor-
mance in participants who received either creatine mono-
hydrate or placebo. Quantitative data were treated as
continuous measurements, and changes in outcomes from
baseline to follow-up were compared between groups to
calculate mean differences. When units of measurements
were inconsistent and could not be converted to units re-
quired to be included in the analysis or when different
aspects of memory were measured as outcomes, standard-
ized mean differences were used. Statistical significance
was assessed using the random-effects model and the
inverse-variance method. Any changes between baseline
and follow-up outcome measurements for which standard
deviations were missing were estimated by calculating a
correlation coefficient from a known change from the
baseline standard deviation derived from a similar study.

Statistical heterogeneity of outcome measurements
between different studies was assessed using the overlap
of their confidence intervals (95%Cls) and expressed as a
measurement of Cochran’s Q (4 test) and I°. Data were
classified as moderately heterogeneous when I* values
ranged from 50% to 4.9% and as highly heterogeneous
when values were 75% and above. Furthermore, sensitiv-
ity analysis was performed to evaluate the robustness of
reported statistical results by discounting the effects of
creatine form (encapsulated vs powder), conditions of
stress (normal vs stressed [following hypoxia, sleep depri-
vation, or exhaustive exercise]), and rate of participants
lost during follow-up (< 15% loss vs > 15% loss).
Subgroup analyses based on age (< 50years Vs
> 50vyears), sex (males only vs females only vs mixed
sexes), treatment duration (< 2 weeks vs > 2 weeks), and
dose (low dose < 5g/d vs high dose > 5g/d) of creatine
monohydrate supplementation were also performed. The
meta-analysis of data was synthesized using Cochrane’s
Review Manager (RevMan 5.4.1) software.

RESULTS
Figure 1 shows the literature search process. The initial

literature search yielded 9768 publications. After exclu-
sion of 2492 duplicates, 7277 unique publications were
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Figure 1 Flow diagram of the literature search process.

identified. Following screening of titles and abstracts,
6668 publications with irrelevant study design were ex-
cluded and 609 RCTs were retrieved. Further screening
of abstracts of the remaining publications resulted in 23
eligible RCTs examining the effects of creatine supple-
mentation on performance measures of memory. Of
these, 6 studies had ineligible outcomes and 7 had in-
compatible study populations. Ten studies were in-
cluded in the systematic review’>>*?>2/:283033°3¢ apq
8 in the meta-analysis®>*"*****>7%% 2 studies were ex-
cluded from the meta-analysis because they were miss-
ing baseline outcomes* or standard deviations of
outcomes.*”

Of the 10 studies, 4 were conducted in the United

Kingdom,z‘l’zs’”’28 4 in Brazil, > 1 in New
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Zealand,*® and 1 in the United States.>* Eight were con-
ducted in young adults****?72%303>3%3¢ and 2 in older
adults.”>* Five studies were conducted in cohorts of
both males and females,””*®***** 3 in females
only,”**>** and 2 in males only.”>*” The duration of
creatine supplementation was 5 days in 1 study,”* 7 days
in 5 studies,”*>*”**%° 2 weeks in 1 study,” 4 weeks in
1 study,” 6weeks in 1 study,”® and 24 weeks in 1
study.” The daily dose of creatine was 20 g in 7 stud-
ies,”>?*?>27:2830 5 ¢ in 1 study,” and 3 g in 1 study.”
One study supplemented with a dosage of 0.3 g/kg/d di-
vided into 4 doses, which equated to a mean absolute
dose of 13.7g/d,*® while another study supplemented
with a dosage of 0.03 g/kg/d, which was equivalent to
approximately 2.2 g/d.** Nine studies were double-blind
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Table 2 Characteristics of the studies included in the meta-analysis

Reference Total, both groups Creatine group Placebo group Treatment dos-  Memory outcomes
age (duration)
No. (M/F) Age of No. (M/F) Age of No. (M/F) Age of
participants participants participants
Alves et al 25 (0/25) 60-80y 13 (0/13) 62-72y  12(0/12) 61-73y 59/d (24wk)  BBCS (delayed re-
(2013)* call, immediate
memory, inci-
dental memory,
learning,
naming)
McMorris et al 19 (16/3) 19-23y  10(9/1) NA 9(7/2) NA 209/d (7d)  Backward spatial
(2006)%8 recall, forward
spatial recall,
backward verbal
recall, forward
verbal recall
McMorris et al 19 (19/0) 19-23y  10(10/0) NA 9 (9/0) NA 20g/d (7d)  Forward number
(2007a)%’ recall
McMorris et al 32 (16/16) 68-85y 15 (8/7) NA 17 (8/9) NA 20 g/d (1wk)  Forward number
(2007b)* recall, backward
number recall,
backward spatial
recall, forward
spatial recall,
long-term
memory
Merege-Filho 67 (0/67) 10-12y  35(19/16)  11-13y  32(19/13)  11-13y 13.79/d (7d)  RAVLT (learning,
et al (2017)*® short-term
memory, long-
term memory)
Pires et al 26 (0/26) 21-31y 13 (0/13) 21-31y 13 (0/13) 21-31y 3g/d (28d) Corsi block test,
(2020)* differentiation
task test, reverse
Corsi block test,
visual forward
digit span test
Rawson etal 22 (13/9) 19-23y 11 (6/5) 19-23y 11 (6/5) 19-23y 2.2g/d (6wk)  Memory recall
(2008)** (correct, all,
throughput)
Turner et al 15 (20/10) 21-55y 15 (10/5) 21-55y 15 (10/5) 21-55y 20g/d (7d) Composite
(20115)* memory

Abbreviations: BBCS, Brief Battery of Cognitive Screening; NA, not available; RAVLT, Rey Auditory Verbal Learning Test.

RCTs,?»?42%27:283373¢ while 1 study was a double-blind

crossover RCT.” Nine studies used creatine monohy-
drate in powder form,>>?*2>27:2830:33:35:36 yhile 1 study
used creatine in encapsulated form.** Overall, 8 studies
with a total of 225 participants (74 males and 151
females; 122 in creatine group, 118 in placebo group)

were included in the meta-analysis
(Table 2) 25,27,28,30,33-36

Definition of memory outcomes

Memory was evaluated through multiple assessment
tools in the included studies. The Rey Auditory Verbal
Learning Test is comprised of 4 tests assessing free and
delayed recall memory immediately after and following
20 minutes of a 12-word list presentation, respectively.*®
A digit span test was used to assess short-term memory
by asking participants to repeat a sequence of digits
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forwards and backwards.”»** In this test, performance
assessment was based on the number of digits partici-
pants were able to recall correctly. Further, running
memory was evaluated through the correct guess of par-
ticipants pressing a specified mouse button key that
would match an immediate letter shown on the screen
for 1second.> For the Sternberg memory task, partici-
pants were asked to memorize a set of 6 letters dis-
played on a monitor screen for 20 seconds.?* Thereafter,
letters were presented on the screen one at a time, and
participants had to press a specific mouse button to in-
dicate whether the screen letter was present in the
memorized set. Definitions of measurements used to as-
sess aspects of memory and composite memory through
the Brief Battery of Cognitive Screening were not pro-
vided. The Corsi block test, a variation of the Corsi
block tapping test, was employed to assess memory re-
call and reproduction of block position sequences in a

Nutrition Reviews® Vol. 81(4):416-427



Creatine Placebo

Study or Subgroup Mean SD Total Mean

SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

Alves 2013 (BBCS Delay Recall)** 06 062 13 -04 07
Alves 2013 (BBCS Immediate Memory)]5 0.6 083 13 0 0.72
Alves 2013 (BBCS Incidental Memory)*® 16 122 13 0.8 1.06
Alves 2013 (BBCS Learning)” 03 027 13 06 068
Alves 2013 (BBCS Naming)™® 0 0 13 0 0
McMorris 2006 (Backward Spatial Recall)™" 05 127 10 011 078
McMorris 2006 (Backward Verbal Rc-:t:all)M 0.1 117 10 0.33 0.24
McMorris 2006 (Forward Spatial Fha«::al\)Zli -0.7 085 10 -0.78 0.91
McMorris 2008 (Forward Verbal Recall)™ _ 051 072 10 067 087
McMorris 2007a (Forward Number Ret:all)ﬂ25 0.2 093 10 0.33 1.13
McMorris 2007b (Backward Number Recall)™ 034 098 15 -047 076
McMorris 2007b (Backward Spatial Fhacal\)25 175 0.5 15 -1.04 113
McMorris 2007b (Forward Number Re.-l:all)25 067 055 15 -0.11 0.46
McMorris 2007b (Forward Spatial Recall)” 083 083 15 -035 1.09
McMorris 2007b (Long-Term Memory)™ 018 426 15 233 4.06
Merege-Filho 2017 (RAVLT Learning)16 35 347 35 35 417

Merege-Filho 2017 (RAVLT Long-Term !‘\.‘I@mcvrg,')i;’6 06 1.48 35 0.4 1.29
Merege-Filho 2017 (RAVLT Short-Term Memory) 0.7 082 35 0.8 1.38

Pires 2020 (Corsi Block Test)” 08 108 13 13 108
Pires 2020 (Differentiation Test)™ 13 554 13 1 654
Pires 2020 (Reverse Corsi Block Tes‘.‘()"3 12 241 13 0 2.05
Pires 2020 (Visual Forward Digit S_pan)33 3.3 347 13 0.5 3.26
Rawson 2008 (Memory Recall All)** -21.3 7647 11 -17.7 100.43
Rawson 2008 (Memory Recall Ccrrect,'p34 -14.7 656 11 -17 7273
Rawson 2008 (Memory Recall Throughput)™* 52 1976 11 2 2414
Rawson 2008 (Running Memory All)** 213 7614 11 -176 100.15
Rawson 2008 (Running Memory Corre:ct)34 -14.7 656 1 171 7273
Rawson 2008 (Running Memory Thrnughput)34 5.1 19.76 1 1.8 2414
Turner 2015 (Composite Memory)™ 82 1432 15 -99 862

Total (95% CI) 428
Heterogeneity: Tau? = 0.28; Chi* = 79.09, df = 27 (P < 0.00001); I> = 66%
Test for overall effect: Z = 2.26 (P = 0.02)

12 32% 1.47 [0.57, 2.37]
12 3.5% 0.74 [-0.07, 1.56]
12 3.5% 0.67 [-0.14, 1.49] T =
12 3.5% -0.57 [-1.37, 0.23] _I
12 Not estimable

9 32% -0.35[-1.26, 0.56] -

9 3.2% -0.47 [-1.39, 0.44] = ke

9 3.2% 0.09 [-0.81, 0.99] -1

9 3.2% -0.19[-1.10, 0.71] _r

9 32% -0.12[-1.02, 0.78) — =
17 38% 0.91[0.17, 1.64] s
17 2.8% 2.90[1.87,3.93]
17 3.5% 1.51[0.71, 2.31] ——
17 3.7% 1.18 [0.42, 1.94] ——
17 3.8% -0.59-1.30, 0.12] ==
32 46% 0.00 [-0.48, 0.48] -
32 4.6% 0.14 [-0.34, 0.62] =
32 4.6% -0.09 [-0.57, 0.39] —
13 3.6% -0.45[-1.23, 0.33] =
13 3.6% 0.05[-0.72, 0.82] -
13 36% 0.52 [-0.26, 1.30] T
13 3.5% 0.84 [0.04, 1.65] —
1 3.4% -0.04 [-0.87, 0.80] .
1 3.4% 0.03 [-0.80, 0.87] —f
1M1 34% 0.14 [-0.70, 0.98] N
11 3.4% -0.04 [-0.88, 0.80] I
11 3.4% 0.03 [-0.80, 0.87] e
1" 3.4% 0.14 [-0.69, 0.98] i
15  3.8% 0.14 [-0.58, 0.86] N

419 100.0% 0.29 [0.04, 0.53] L g
M L

Placebo Creatine

Figure 2 Effect of creatine monohydrate supplementation on overall memory.

screen.”” Furthermore, the reverse Corsi block test was
used to reproduce the sequences in reverse.”” The visual
forward digit span test was utilized to evaluate short-
term memory through a phonological loop, aiming at
the recall of as many digits as possible.””

Creatine supplementation and memory performance

The main analysis showed that memory performance
following creatine supplementation, compared with pla-
cebo, was improved, although a moderate degree of het-
erogeneity was observed between the included RCTs
(standard mean difference [SMD] = 0.29; 95%CI, 0.04-
0.53; I* = 66%; P =0.02) (Figure 2).>>72830-33-3¢

A series of subgroup analyses showed that creatine
monohydrate supplementation in low doses (< 5g/d)
(SMD = 0.24; 95%CI, —0.04 to 0.52; I* = 38%; P =0.09)
or high doses (> 5g/d) (SMD = 0.33; 95%CI; —0.07 to
0.74; ’=78%; P=0.11) was not associated with
improvements in memory measures
(Figure 3A).>>?72%303°3¢ Additionally, no differences
following supplementation were observed in young
adults (11-31years) (SMD = 0.03; 95%CI, —0.14 to
0.20; > =0%; P=0.72); however, in older adults (66—
76 years), increased memory performance was observed
(SMD = 0.88; 95%CI, 0.22-1.55; I =83%; P =0.009)
(Figure 3B).>>?7283%3373¢ Qutcome measures were also
not affected by treatment duration (< 2weeks,
SMD = 0.33; 95%CI, —0.07 to 0.74; I = 78%; P=0.11;
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> 2weeks, SMD =0.24; 95%CI, —0.04 to 0.52;
> =38%; P=0.09) (Figure 3C)?>2728:30.33-36 o gex
([females and males, SMD = 0.26; 95%CI, —0.05 to
0.57; > = 69%; P=0.10], [females, SMD = 0.39; 95%CI,
—0.07 to 086 I’=62% P=0.10], [males,
SMD = —0.12; 95%CI, —1.02 to 0.78; P=0.79])
(Figure 3D).2527:28:30:33-36

A significant improvement in memory measures
following supplementation with creatine monohydrate
in powder form was observed (SMD = 0.35; 95%ClI,
0.05-0.66; I =73%; P=0.02), but no effect of encap-
sulated  creatine  monohydrate = was  found
(SMD = 0.04; 95%CI, —0.30 to 0.39; I = 0%; P = 0.80)
(see Figure S1A in the Supporting Information online).
Additionally, outcome measures were significantly im-
proved under nonstressed conditions (SMD = 0.43;
95%CI, 0.09-0.78; I>?=75%; P=0.01) but remained
unchanged under stressed conditions (SMD = 0.03;
95%CI, —0.23 to 0.30; I’=1%; P=0.80) (see Figure
SIB in the Supporting
Furthermore, in cohorts in which loss to follow-up was
below 15%, significant improvements in memory were
(SMD =0.33; 95%CI, 0.04-0.62; I’=68%;
P=0.03), while no significant differences were ob-
served in cohorts in which the rate exceeded 15%
(SMD = 0.02; 95%CI, —0.26 to 0.29; I’ = 0%; P = 0.90)
(see Figure S1C in the Supporting Information
online).

Information online).

seen
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Creatine Placebo

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Low dose

Alves 2013 (BBCS Delay Recall)™ 06 0.62 13 -04 0.7 12 3.2% 1.47 [0.57, 2.37]

Alves 2013 (BBCS Immediate I\.ﬂel‘ﬁor’y)35 06 083 13 0 072 12 35% 0.74 [-0.07, 1.56] T
Alves 2013 (BBCS Incidental Memory)™ 16 1.22 13 08 1.06 12 3.5% 0.67 [-0.14, 1.49] T
Alves 2013 (BBCS Learning)35 03 027 13 0.6 0.68 12 3.5% -0.57 [-1.37, 0.23] — = I

Alves 2013 (BBCS Namrng)z"i 0 0 13 0 0 12 Not estimable

Pires 2020 (Corsi Block Test)u 0.8 1.08 13 1.3 1.08 13 3.6% -0.45 [-1.23, 0.33] .

Pires 2020 (Differentiation Tes()13 1.3 554 13 1 6.54 13 3.6% 0.05[-0.72, 0.82] —_—

Pires 2020 (Reverse Corsi Block Test)™ 12 241 13 0 205 13 3.6% 0.52 [-0.26, 1.30] T
Pires 2020 (Visual Forward Digit Span)™ 33 317 13 05 326 13 35% 0.84 [0.04, 1.65] —
Rawson 2008 (Memory Recall All)** -21.3 76.17 11 -17.7 100.43 11 3.4% -0.04 [-0.87, 0.80] 1
Rawson 2008 (Memory Recall Correcl)‘u -14.7 6586 1" =17 7273 11 3.4% 0.03 [-0.80, 0.87] -
Rawson 2008 (Memory Recall Throughput)™ 52 19.76 " 2 2414 11 3.4% 0.14 [-0.70, 0.98] _r
Rawson 2008 (Running Memory All)** -21.3 76.14 11 -17.6 100.15 1" 3.4% -0.04 [-0.88, 0.80] 1
Rawson 2008 (Running Memory *::or'recl)34 -147 656 1M 171 7273 11 3.4% 0.03 [-0.80, 0.87] -1 -
Rawson 2008 (Running Memory Thmughput)34 51 19.76 1 1.8 2414 11 34% 0.14 [-0.69, 0.98] — &,
Subtotal (95% CI) 183 178  48.6% 0.24 [-0.04, 0.52] >
Heterogeneity: Tau? = 0.11; Chi® = 20.89, df = 13 (P = 0.08); I* = 38%

Test for overall effect: Z=1.71 (P = 0.09)

High dose

McMorris 2006 (Backward Spatial Recall)™ -05 1.27 10 -0.11 0.78 9 32% -0.35 [-1.26, 0.56] I
McMorris 2006 (Backward Verbal Recall)”™ -0.1 147 10 033 024 9 32% -0.47 [-1.39, 0.44] -
McMorris 2006 (Forward Spatial Recal\)u -0.7 0.85 10 -0.78 0.91 9 3.2% 0.09 [-0.81, 0.99] I
McMorris 2006 (Forward Verbal Recall)™ 051 0.72 10 067 087 9 32% -0.19 [-1.10, 0.71] L
McMorris 2007a (Forward Number Recall)27 02 093 10 0.33 1.13 9 32% -0.12[-1.02, 0.78] — =
McMorris 2007b (Backward Number Recall)® 0.34 0098 15 -0.47 0.76 17 3.8% 0.91[0.17, 1.64] -
McMorris 2007b (Backward Spatial Recall)™ 1.75 0.65 15 -1.04 113 17 28% 2.90[1.87,3.93] e
MecMorris 2007b (Forward Number Recall)™ 0.67 0.55 15 -0.11 0.46 17 3.5% 1.51[0.71, 2.31] =
McMorris 2007b (Forward Spatial Recall)” 0.83 0.83 15 -0.35 1.09 17 3.7% 1.18 [0.42, 1.94] o
McMorris 2007b (Long-Term Memory)™ -0.18 4.26 15 233 4.06 17  3.8% -0.59 [-1.30, 0.12] _ ]
Merege-Filho 2017 (RAVLT Learning)™ 35 317 35 35 447 32 48% 0.00 [-0.48, 0.48] -1
Merege-Filho 2017 (RAVLT Long-Term Memory)*® 06 1.48 35 0.4 1.29 32 4.6% 0.14 [-0.34, 0.62] o
Merege-Filho 2017 (RAVLT Short-Term Memory)™® 07 0.82 35 08 138 32 46% -0.09 [-0.57, 0.39] o

Turner 2015 (Composite Memory)m -8.2 14.32 15 -89 8.62 15 3.8% 0.14 [-0.58, 0.86] S
Subtotal (95% CI) 245 241 51.4% 0.33 [-0.07, 0.74] R
Heterogeneity: Tau? = 0.45; Chi? = 58.20, df = 13 (P < 0.00001); I = 78%

Test for overall effect: Z=1.60 (P =0.11)

Total (95% CI) 428 19 100.0% 0.29 [0.04, 0.53] L g
Heterogeneity: Tau? = 0.28; Chi = 79.09, df = 27 (P < 0.00001); I? = 66% 4 7‘2 ) 2 4

Test for overall effect: Z = 2.26 (P = 0.02)
Test for subaroup differences: Chi* =0.13. df =1 (P = 0.72). I’ = 0%

Placebo Creatine

Figure 3 Subgroup analysis of the effect of creatine monohydrate supplementation on overall memory, based on (A) dose of crea-
tine monohydrate, (B) age of individual, (C) duration of supplementation, and (D) sex of individual.

Assessment of risk of bias and quality of evidence

Risk of bias was scored as high in 6 RCT's because infor-
mation about how randomization was applied was lack-
ing *>**?>27:2%30 I 4 RCTs, some concerns were raised
because of the absence of detail regarding treatment al-
location.”****** In 1 RCT, some concern was recorded
because the number of participants who dropped out
and the reasons for withdrawing were poorly defined.**
Finally, 8 RCTs had a study protocol that was not pre-
specified, resulting in some concerns >>>%2>27:28-30.34.36
A detailed traffic light plot showing the results of quality
assessment of the included studies is presented in
Figure S2 in the Supporting Information online.

DISCUSSION

This is the first meta-analysis to examine the effective-
ness of creatine supplementation on memory perfor-
mance in healthy individuals. Results showed that
measures of memory following creatine supplementa-
tion, compared with placebo, were improved. These
benefits were more robust in older adults (66-76 years).
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However, a moderate risk of bias and significant hetero-
geneity between studies were observed, and therefore
caution is warranted.

These beneficial effects from creatine supplementa-
tion on memory performance may be related to crea-
tine’s ability to influence brain bioenergetics. For
example, creatine elevates phosphocreatine and ATP
levels'' and increases oxidative phosphorylation in syn-
aptosomes and isolated brain mitochondria.'? In hippo-
campal neuron  cultures, creatine stimulates
mitochondrial activity."? In animal models, intrahippo-
campal injections of creatine in the CAIl subfield
enhances spatial memory formation in the Barnes maze
in rats and in the object exploration task in mice."*
Further, CREB, a key transcription factor that is well
established in activity-dependent plasticity, learning,
and memory,'® is upregulated 30 minutes after creatine
injection.'* Snow et al'® found that 4 weeks of creatine
supplementation in mice increased coupled respiration
in isolated hippocampal mitochondria and improved
memory. Moreover, creatine supplementation has been
shown to elevate brain creatine content and the ratio of
phosphocreatine to ATP in humans.*” Not all studies,
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Creatine Placebo

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Younger adults and children

McMorris 2006 (Backward Spatial Recall)zs -0.5 127 10 -0.11 0.78 9 3.2% -0.35 [-1.26, 0.56]

McMorris 2006 (Backward Verbal Recall)u -0.1 117 10 0.33 0.24 9 3.2% -0.47 [-1.39, 0.44] - 1
McMorris 2006 (Forward Spatial Recall)™ 07 085 10 -078 091 9 3.2% 0.09 [-0.81, 0.99] e
McMorris 2006 (Forward Verbal Recall)™ 051 072 10 067 087 9 32% -0.19 [-1.10, 0.71] —

McMorris 2007a (Forward Number Recall)” 02 093 10 033 113 9 32% -0.12[-1.02, 0.78] I
Merege-Filho 2017 (RAVLT Le.’:lming)l5 35 317 35 35 417 32 4.6% 0.00 [-0.48, 0.48] N
Merege-Filho 2017 (RAVLT Long-Term Memory)™® 06 148 35 04 129 32  46% 0.14 [-0.34, 0.62] -T—
Merege-Filho 2017 (RAVLT Short-Term Memory)® 07 082 35 08 138 32 46% -0.09 [-0.57, 0.39] —

Pires 2020 (Corsi Block Test)™ 08 1.08 13 13 108 13 3.6% -0.45 [-1.23, 0.33] o

Pires 2020 (Differentiation Test)™ 13 554 13 1 654 13 36% 0.05[-0.72, 0.82] -

Pires 2020 (Reverse Corsi Block Tesl)‘3 12 241 13 0 2.05 13 3.6% 0.52 [-0.26, 1.30] e
Pires 2020 (Visual Forward Digit Span) . 3.3 347 13 0.5 3.26 13 3.5% 0.84 [0.04, 1.65] —
Rawson 2008 (Memory Recall AII)“ -21.3 76.17 11 -17.7 100.43 11 3.4% -0.04 [-0.87, 0.80] I
Rawsan 2008 (Memory Recall Correct)** 147 656 11 17 7273 11 3.4% 0.03 [-0.80, 0.87] .
Rawson 2008 (Memory Recall Throughpul)‘“ 5.2 19.76 11 2 2414 " 3.4% 0.14 [-0.70, 0.98] i
Rawson 2008 (Running Memory All)** -21.3 76.14 11 -17.6 100.15 11 3.4% -0.04 [-0.88, 0.80] —
Rawson 2008 (Running Memory Correct)™ 147 856 11 174 7273 11 3.4% 0.03 [-0.80, 0.87] B
Rawson 2008 (Running Memory Thrcnughput)34 5.1 19.76 11 1.8 2414 11 3.4% 0.14 [-0.69, 0.98] ==
Turner 2015 (Composite Memory)™ 82 1432 15 -99 862 15 3.8% 0.14 [-0.58, 0.86] —1—
Subtotal (95% CI) 288 274 68.6% 0.03 [-0.14, 0.20] L ]
Heterogeneity: Tau? = 0.00; Chi? = 9.76, df = 18 (P = 0.94); I? = 0%

Test for overall effect: Z = 0.36 (P =0.72)

Older adults

Alves 2013 (BBCS Delay Recall)*® 06 062 13 -04 07 12 32% 1.47 [0.57, 2.37]

Alves 2013 (BBCS Immediate Memory)™ 06 0.83 13 0 072 12 35% 0.74 [-0.07, 1.56] o
Alves 2013 (BBCS Incidental Memory)™ 16 1.22 13 08 1.06 12 35% 0.67 [-0.14, 1.49] T
Alves 2013 (BBCS Lf-:'aming)35 03 027 13 06 0.68 12 3.5% -0.57 [-1.37, 0.23] -1

Alves 2013 (BBCS Naming)* 0 0 13 0 0 12 Not estimable

McMorris 2007b (Backward Number Reca\l)z5 0.34 098 15 -0.47 0.76 17 3.8% 0.91[0.17, 1.64] e
McMorris 2007b (Backward Spatial Recah)” 175 065 15 -1.04 1.13 17 2.8% 2.90[1.87,3.93]

McMorris 2007b (Forward Number Recall)”® 0.67 0.5 15 -0.11 046 17  3.5% 1.61[0.71, 2.31] — %
McMorris 2007b (Forward Spatial Recall)™ 083 083 15 -0.35 109 17 37% 1.18 [0.42, 1.94] —
McMorris 2007b (Long-Term Men'mry)25 -0.18 4.28 15 233 4.06 17 3.8% -0.59 [-1.30, 0.12] — = |

Subtotal (95% CI) 140 145 31.4% 0.88 [0.22, 1.55] -
Heterogeneity: Tau® = 0.85; Chi? = 48.09, df = 8 (P < 0.00001); I* = 83%

Test for overall effect: Z = 2.62 (P = 0.009)

Total (95% CI) 428 419 100.0% 0.29 [0.04, 0.53] >
Heterogeneity: Tau? = 0.28; Chi = 79.09, df = 27 (P < 0.00001); I = 66% _=4 1 5 1 i

Test for overall effect: Z=2.26 (P = 0.02)
Test for subaroup differences: Chi? = 6.02, df = 1 (P = 0.01), I? = 83.4%

Figure 3 Continued

however, found these increases,>® possibly owing to lim-
ited creatine transporters at the blood-brain barrier or
the ability of the brain to synthesize creatine.”
Additionally, brain creatine content may decline during
aging.*' In theory, those who have lower levels of crea-
tine in the brain may be more responsive to creatine
supplementation,*>*’
observed in muscle.** The subgroup analysis based on
age revealed a greater effect size following creatine sup-
plementation in older adults (66-76 years) as opposed
to younger individuals (11-31years). These findings
may be clinically important and further highlight the

which is similar to what has been

need for additional clinical research to determine the
mechanistic actions of creatine in large cohorts of
healthy older adults and those with neurological and
neurodegenerative diseases in whom brain creatine lev-
els and memory are compromised.

This meta-analysis also reveals that supplementa-
tion with creatine monohydrate had no influence on
memory performance following a higher dosing strat-
egy (ie, > 5g/d). Although there are limited data ex-
ploring the effect of dose-response relationships of
creatine on memory, the results suggest that the amount

Nutrition Reviews® Vol. 81(4):416-427
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of either endogenous creatine synthesis or dietary crea-
tine intake may be sufficient to maintain adequate brain
creatine stores® and that a higher exogenous dose of
creatine is not required, despite the limited ability of
creatine to cross the blood-brain barrier. As such,
higher doses of creatine supplementation may not be
required to optimize brain creatine content™ and ATP
(re)synthesis by mitochondrial creatine kinases.*®
Presently, very little is known about the effect of the du-
ration of the intervention. The subgroup analysis
revealed no significant differences between short-term
(< 2 weeks) and long-term (> 2 weeks) studies, but it is
likely that much-longer-term trials are required to show
robust changes over time.

Another potential mediating factor is dietary intake
of creatine.”” Presently there are very few studies di-
rectly with
Vegetarians have a lower creatine content in muscle
and are more responsive to creatine supplementation.*®
A previous RCT found that word recall response de-
clined following creatine supplementation (20g/d of
creatine for 5 days) in meat-eaters compared with vegan
and vegetarian participants, and post-supplementation

. . . 24
comparing Vegetarlans omnivores.
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Heterogeneity: Tau? = 0.11; Chi* = 20.89, df = 13 (P = 0.08); I1* = 38%
Test for overall effect: Z = 1.71 (P = 0.09)

Creatine Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Less than 2 weeks
McMorris 2006 (Backward Spatial Recall)™ -05 1.27 10 -0.11 0.78 9 32% -0.35 [-1.26, 0.56] ==
McMorris 2006 (Backward Verbal Recall)m 01 117 10 033 024 9 32% -0.47 [-1.39, 0.44] A
McMorris 2006 (Forward Spatial Recall)™ -07 085 10 -078 091 9 32% 0.09 [-0.81, 0.99] L
McMorris 2006 (Forward Verbal Recall)*™ 0.51 0.72 10 067 087 9 32% -0.19[-1.10, 0.71) — 3
McMarris 2007a (Forward Number Recall)27 0.2 093 10 033 1.13 9 3.2% -0.12[-1.02, 0.78] .
McMorris 2007b (Backward Number Recall)” 0.34 098 15 -047 0.76 17 3.8% 0.91[0.17, 1.64] ——
McMarris 2007b (Backward Spatial Re::all)25 1.75 0.65 15 -1.04 1.13 17 2.8% 2.90[1.87,3.93]
McMorris 2007b (Forward Number Recall)** 067 055 15 011 046 17 3.5% 1.51[0.71, 2.31] —
McMorris 2007b (Forward Spatial Recall)™ 0.83 0.83 15 035 1.09 17 3.7% 1.18[0.42, 1.94] - =
McMorris 2007b (Long-Term Memory)™ 018 426 15 233 406 17 3.8% -0.59[-1.30, 0.12] ——
Merege-Filho 2017 (RAVLT Learning)*® 35 317 35 35 4417 32 46% 0.00 [-0.48, 0.48] = =
Merege-Filho 2017 (RAVLT Long-Term Memory)® 0.6 148 35 04 129 32 46% 0.14 [-0.34, 0.62] -
Merege-Filho 2017 (RAVLT Short-Term Memory)™® 0.7 0.82 3 08 138 32 486% -0.09 [-0.57, 0.39] —
Turner 2015 (Composite I‘u‘len’mrg.')30 -8.2 14.32 15 99 862 15 3.8% 0.14 [-0.58, 0.86] .
Subtotal (95% CI) 245 241 51.4% 0.33 [-0.07, 0.74]
Heterogeneity: Tau? = 0.45; Chi? = 58.20, df = 13 (P < 0.00001); 1> = 78%
Test for overall effect: Z = 1.60 (P =0.11)
More than 2 weeks
Alves 2013 (BBCS Delay Recall)*® 06 062 13 -04 0.7 12 32% 1.47 [0.57, 2.37] -
Alves 2013 (BBCS Immediate Memory)ﬁ 06 083 13 0 072 12 3.5% 0.74 [-0.07, 1.56] =
Alves 2013 (BBCS Incidental l\u‘ien‘\c)ryr))5 16 1.22 13 0.8 1.06 12 3.5% 0.67 [-0.14, 1.49] I
Alves 2013 (BBCS Learning)™® 03 027 13 06 068 12 35% -0.57 [-1.37, 0.23] —
Alves 2013 (BBCS Naming)35 0 0 13 0 0 12 Not estimable
Pires 2020 (Corsi Block Test)™ 08 1.08 13 13  1.08 183 3.6% -0.45 [-1.23, 0.33] -
Pires 2020 (Differentiation Test)™ 13 554 13 1 654 13 36% 0.05[-0.72, 0.82] =T -
Pires 2020 (Reverse Corsi Block Test)™ 12 241 13 0 205 13 3.6% 0.52 [-0.26, 1.30] T
Pires 2020 (Visual Forward Digit Span)* 33 317 13 05 326 13 35% 0.84 [0.04, 1.65] F—r—
Rawson 2008 (Memory Recall All)* -21.3 76.17 11 -17.7 100.43 1" 3.4% -0.04 [-0.87, 0.80] b
Rawson 2008 (Memory Recall CDrrecl)J" -147 856 1 -17 7273 11 34% 0.03 [-0.80, 0.87] T
Rawson 2008 (Memory Recall Throughput)” 52 19.76 1 2 2414 1" 3.4% 0.14 [-0.70, 0.98] =
Rawson 2008 (Running Memory AI\)” -21.3 76.14 11 -17.6 100.15 1 34% -0.04 [-0.88, 0.80] — 1
Rawson 2008 (Running Memory Correct)™ -14.7 656 1 171 7273 1" 3.4% 0.03 [-0.80, 0.87] -
Rawson 2008 (Running Memory Thn:)ug?’mut}34 51 19.76 11 18 2414 1" 3.4% 0.14 [-0.69, 0.98] o
Subtotal (95% CI) 183 178  48.6% 0.24 [-0.04, 0.52] &>

*

Total (95% CI) 428
Heterogeneity: Tau? = 0.28; Chi* = 79.09, df = 27 (P < 0.00001); I? = 66%
Test for overall effect: Z = 2.26 (P = 0.02)

Test for subaroup differences: Chi? = 0.13, df = 1 (P = 0.72), > = 0%

Figure 3 Continued

comparisons revealed a significantly greater memory in
vegetarians compared with omnivores.** Despite lower
creatine muscle content, Solis et al*’ did not find any
differences between vegetarians and omnivores with re-
gard to brain creatine content. Future research is war-
ranted to confirm these findings.

Strengths and limitations

This is the first meta-analysis to examine the effects of
creatine monohydrate supplementation on memory
performance in healthy individuals and to determine
whether quantifiable differences in exogenous supple-
mentation based on dose, treatment duration, and age
modulate measures of memory. A limitation, however,
is that the included studies did not assess baseline levels
of serum or brain creatine. As such, it was not possible
to determine whether non-responders had lower brain
creatine levels than responders. Therefore, it remains
inconclusive if the differential effects of creatine mono-
hydrate supplementation between responders and non-
responders are directly linked to discrepancies in base-
line creatine levels or a metabolic dimorphism in any
specific mechanism of creatine monohydrate. There are

424

19 100.0% 0.29 [0.04, 0.53]

0
Placebo Creatine

also several methodological limitations, including the
combination of various assessment tools designed to
measure memory, which increases the heterogeneity of
the data. In particular, several memory tests were com-
bined to increase the statistical power (including short-
term, long-term, and working memory). For example,
backward number recall, which may require greater en-
ergy production than forward recall, may generate a
stronger activation of the parietal, occipital, frontal, and
temporal cortices, as shown in functional magnetic res-
onance imaging scans.*® Presently, it is unclear if there
are regional differences in the uptake and utilization—
and, thus, the effects—of creatine supplementation on
cognitive function. Additionally, some memory tasks
required an initial learning phase that likely employs
auxiliary aspects of cognition, such as attention. Thus, it
is likely that a proportion of these tests may have
exceeded a specific difficulty threshold. Furthermore,
most of the included studies did not assess creatine in-
take from dietary consumption, which may have altered
the findings.”*

The findings presented here should be interpreted
with caution. The included studies were of moderate
quality, according to the Cochrane RoB 2 tool. This is

Nutrition Reviews® Vol. 81(4):416-427



Creatine Placebo

Study or Subgroup Mean SD Total Mean

SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
1V, Random, 95% CI

Females and males

McMorris 2006 (Backward Spatial Recallf" -0.5 127 10 -0.11 0.78
McMorris 2006 (Backward Verbal Rec:all)28 01 147 10 0.33 0.24
McMorris 2006 (Forward Spatial Recall)*™® -07 085 10 -0.78 091
McMorris 2006 (Forward Verbal Recall)*™® 051 072 10 067 0.87
McMorris 2007b (Backward Number Reca\l)zs 0.34 098 15 -0.47 0.76
McMorris 2007b (Backward Spatial Rec:(—.xlll)25 175 065 15 -1.04 1.13
McMorris 2007b (Forward Number Recall)™ 067 055 16 -011 046
McMorris 2007b (Forward Spatial Recall)”® 0.83 083 15 -0.35 1.09
McMorris 2007b (Long-Term Memory)* -0.18 4.26 15 233 4.08

Merege-Filho 2017 (RAVLT Learning)™ 35 317 35 35 417
Merege-Filho 2017 (RAVLT Long-Term Memury)“ 06 1.48 35 0.4 1.29
Merege-Filho 2017 (RAVLT Short-Term N’Iemnry,‘pjs 0.7 082 35 0.8 1.38

Rawson 2008 (Memory Recall All)* 213 7617 11 -17.7 100.43
Rawson 2008 (Memory Recall Correct)™ 147 856 11 -17 7273
Rawson 2008 (Memory Recall Thn::ughpul)’4 5.2 19.76 11 2 2414
Rawson 2008 (Running Memory A\I)M -21.3 76.14 11 -17.6 100.15
Rawson 2008 (Running Memory Correct)™ -14.7 658 11 -171 72.73
Rawson 2008 (Running Memory Thmughput)34 5.1 19.76 1 1.8 2414
Turner 2015 (Composite Memory)™ 82 1432 15 -99 862
Subtotal (95% CI) 301

Heterogeneity: Tau® = 0.31; Chi* = 58.84, df = 18 (P < 0.00001); I* = 69%

Test for overall effect: Z = 1.66 (P = 0.10)

Females

Alves 2013 (BBCS Delay Recall)™ 06 062 13 -04 07
Alves 2013 (BBCS Immediate Memory)™ 06 083 13 0 072
Alves 2013 (BBCS Incidental Memory)™® 16 1.22 13 0.8 1.06
Alves 2013 (BBCS Learning)*® 03 027 13 06 068
Alves 2013 (BBCS Naming)™ 0 0o 13 0 0
Pires 2020 (Corsi Block Test)” 0.8 1.08 13 1.3 1.08
Pires 2020 (Differentiation Test)” 13 554 13 1 654
Pires 2020 (Reverse Corsi Block Test)n 12 241 13 0 2.05
Pires 2020 (Visual Forward Digit Span)’” 3.3 347 13 0.5 3.26
Subtotal (95% Cl) 17

Heterogeneity: Tau? = 0.28; Chi? = 18.66, df = 7 (P = 0.009); I = 62%

Test for overall effect: Z=1.65 (P =0.10)

Males

McMorris 2007a (Forward Number Recall)z"' 02 093 10 0.33 1.13
Subtotal (95% Cl) 10

Heterogeneity: Not applicable
Test for overall effect: Z=0.26 (P = 0.79)

Total (95% CI) 428
Heterogeneity: Tau* = 0.28; Chi® = 79.09, df = 27 (P < 0.00001); I* = 66%
Test for overall effect: Z = 2.26 (P = 0.02)

Test for subaroup differences: Chi* = 0.99. df = 2 (P = 0.61), I*=0%

Figure 3 Continued

likely attributable in part to the presence of confound-
ers, the inherent heterogeneity between intervention
and placebo groups, and the suboptimal selection of
participants in the included studies. Moreover, the high
diversity between the memory assessment tools could
also influence the accuracy and lead to uncertainty of
the effect estimate. Importantly, subgroup and sensitiv-
ity analyses in this study were not able to reduce this
heterogeneity, especially since different memory out-
comes were derived from the same populations in each
study. Finally, it was not possible to assess publication
bias, which could affect the quality of evidence, because
the number of included studies was too low.

CONCLUSION

This systematic review and meta-analysis revealed that
creatine monohydrate supplementation has a beneficial
effect on memory performance in healthy individuals.
Subgroup analysis showed the effects of creatine were
more robust in older adults. The lack of homogeneity in
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9 3.2% -0.35 [-1.26, 0.56] —_— T
9 32% -0.47 [-1.39, 0.44] S
9 32% 0.09 [-0.81, 0.99] —
9 32% -0.19[-1.10, 0.71] —
17 3.8% 0.91[0.17, 1.64] ——
17 2.8% 2.90 [1.87, 3.93]
17 3.5% 1.51[0.71,2.31] ——
17 37% 1.18[0.42, 1.94] ——
17 3.8% -0.59 [-1.30, 0.12] —
32 46% 0.00 [-0.48, 0.48] =
32 46% 0.14 [-0.34, 0.62] =
32 46% -0.09 [-0.57, 0.39] S
11 3.4% -0.04 [-0.87, 0.80] s
11 3.4% 0.03 [-0.80, 0.87] —r
1M1 34% 0.14 [-0.70, 0.98] —T
1M1 34% -0.04 [-0.88, 0.80] T
11 34% 0.03 [-0.80, 0.87] =
11 3.4% 0.14 [-0.69, 0.98] —
15  3.8% 0.14 [-0.58, 0.86] —_
298 68.7% 0.26 [-0.05, 0.57] . 3
12 3.2% 1.47 [0.57, 2.37]
12 3.5% 0.74 [-0.07, 1.56]
12 3.5% 0.67 [-0.14, 1.49] 1
12 3.5% -0.57 [-1.37, 0.23] —]

12 Not estimable

13 36% -0.45[-1.23, 0.33] —
13 3.6% 0.05 [-0.72, 0.82] —
13 3.6% 0.52 [-0.26, 1.30] T
13 3.5% 0.84 [0.04, 1.65]
12 28.4% 0.39 [-0.07, 0.86]
9 3.2% -0.12[-1.02, 0.78] o
9 3.2% 0.12 [-1.02, 0.78] ol
419 100.0% 0.29 [0.04, 0.53] &
4 2 0 2 4

Placebo Creatine

outcomes of memory performance illustrates an unmet
demand for common assessment tools that could be
used by both researchers and practitioners in the pur-
suit of results with higher precision and accuracy. As
such, future research utilizing a rigorous, large, long-
term randomized clinical trial to elucidate the potential
effect of creatine monohydrate supplementation on
memory performance is urgently warranted.
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