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Creatine supplementation in conjunction with resistance training (RT) augments gains in lean tissue mass and strength in
aging adults; however, there is a large amount of heterogeneity between individual studies that may be related to creatine
ingestion strategies.
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| 1. Introduction

Approximately 10% of the adult population =60 years of age has sarcopenia I, which has a profound negative effect on
functional independence and overall quality of life 2. Several lines of research suggest that sarcopenia is caused by age-
related changes in muscle protein kinetics, neuromuscular function and physiology, skeletal muscle morphology,
inflammation, and mitochondrial dysregulation BI4El |n addition to these cellular and mechanistic changes, insufficient
physical activity and nutritional intake also contribute to sarcopenia 28, Interestingly, dietary intake of creatine, a key
component for muscular bioenergetics, decreases with age .

The combination of creatine supplementation and resistance training has the potential to serve as an effective
countermeasure to the age-related loss in lean tissue mass and strength, possibly by influencing anaerobic energy
metabolism, calcium and glycogen regulation, muscle protein kinetics, inflammation and oxidative stress &9 However,
results from individual studies (n = 20) are mixed, with 10 studies showing beneficial effects on measures of lean tissue
mass and/or strength (leg press, chest press) while 10 studies found no greater benefit from creatine vs. placebo (Table
1). Finally, 4 of the 20 studies had participants ingest creatine only on resistance training days. Therefore, these studies
were likely unpowered to detect small differences in lean tissue mass and strength (leg press, chest press).

Table 1. Study characteristics, dosing strategy, and outcomes of research examining the influence of creatine in older
adults with a resistance training program.
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Collectively, results showed that creatine and resistance training increased measures of lean tissue mass by ~1.2 kg and
strength (leg press, chest press) more than placebo and resistance training. However, no sub-analyses were performed to
determine whether the dosage of creatine used or the frequency of ingestion (i.e., only on resistance training days)
influenced measures of lean tissue mass and/or strength. Therefore, the purpose of this review was to (1) perform
updated meta-analyses comparing creatine vs. placebo (independent of dosage and frequency of ingestion) during a
resistance training program on measures of lean tissue mass and strength, (2) perform meta-analyses examining the
effects of different creatine dosing strategies (lower: 5 g/day), with and without a creatine-loading phase (20 g/day for 5-7
days, and (3) perform meta-analyses determining whether creatine supplementation only on resistance training days
influences measures of lean tissue mass and strength.

| 2. Discussion

The most important results from these meta-analyses were: (1) creatine supplementation (independent of creatine-
loading, maintenance dosage and frequency of ingestion) during a resistance training program increased measures of
lean tissue mass and strength compared to the placebo and resistance training in older adults, (2) the combination of
creatine-loading followed by lower-dose creatine (<5 g/day) was effective for increasing chest press strength, (3) the
combination of creatine-loading and higher-dose creatine (>5 g/day) was effective for increasing leg press strength, (4)
creatine supplementation only on resistance training days significantly increased measures of lean tissue mass and
strength compared to the placebo. These results have application for the design of effective creatine supplementation



strategies for older adults. For example, older adults wanting to improve whole-body lean tissue mass and strength may
expect these benefits from creatine supplementation (i.e., =5 g) either daily or only on training days during a resistance
training program.

Increasing whole-body lean tissue mass and strength is fundamental for mitigating sarcopenia and associated conditions
of osteoporosis and physical frailty (3). Older adults specifically looking to improve upper-body strength (perhaps to
improve functionality, posture and/or the ability to perform upper-body activities of daily living such as carrying groceries)
may need to load with creatine before proceeding to a lower daily dosage (<5 g) during their resistance training program.
To specifically increase lower-body strength (perhaps to improve balance, reduce the risk of falls and/or the ability to
perform lower-body activities of daily living such as climbing stairs), older adults may need to load with creatine before
proceeding to a higher daily dosage (>5 g) during their resistance training program. While some have hypothesized
creatine may have harmful effects B, a plethora of evidence shows no adverse events (compared to the placebo) with
long-term supplementation [B21331(34]

Previous meta-analyses have shown greater gains in measures of lean tissue mass (~1.2-1.3 kg) and strength from
creatine supplementation and resistance training in older adults compared to the placebo [EIS5IS8] Since the date of these
publications, two additional studies (2311281 have been performed. When these studies were included in the current meta-
analyses, creatine supplementation and resistance training still increased measures of lean tissue mass (~1.32 kg) and
strength compared to the placebo. Collectively, results across meta-analyses suggest that the combination of creatine
supplementation and resistance training has the potential to mitigate sarcopenia. Although none of the studies included in
any of the meta-analyses were powdered to directly examine the effects of creatine vs. placebo in older adults diagnosed
with sarcopenia, sub-analyses from three studies showed that the combination of creatine and resistance training
eliminated the classification of sarcopenia in 11 older adults 1222251 Creatine supplementation may augment lean tissue
mass and strength through various mechanisms IB7QIBSIB4] - First, supplementation increases intramuscular PCr
resulting in greater resynthesis of ATP during and following muscle contractions. Supplementation also increases muscle
GLUT-4 content and translocation to the sarcolemma which may increase glucose uptake and subsequent glycogen
resynthesis 3832 Creatine supplementation facilitates calcium re-uptake via creatine kinase into the sarcoplasmic
reticulum, and this may increase myofibrillar cross-bride cycling, cell swelling, the expression of myogenic transcription
factors (i.e., Mrf4, myogenin), satellite cell proliferation, and the expression of growth factors (i.e., insulin-like growth
factor-1) 4941 Creatine supplementation enhances the activation of protein kinases downstream in the mammalian
target of rapamycin (MTOR) pathway, and this may subsequently reduce measures of muscle protein catabolism (i.e.,
leucine oxidation, urinary 3-methylhistidine) 2439 Finally, creatine supplementation could reduce inflammation (i.e.,

cytokines) #2143l and oxidative stress 4414511461 and again, this may help reduce the loss of lean tissue mass with aging
(371,

Incorporating a creatine-loading phase during the initial stages of a resistance training program was determined to be
important for improving upper- and lower-body strength. It is well established that creatine-loading results in significant
elevations in intramuscular creatine levels ¥Z. However, the magnitude of the effect on strength outcome measures may
also depend on the maintenance dosage of creatine used for the remainder of the training program.

Regarding upper-body strength, older adults who loaded with creatine and then proceeded to ingest lower-dose creatine
daily experienced greater upper body strength gains compared to those on placebo. However, independent of a creatine-
loading phase, lower-dose creatine supplementation was no more effective than placebo. When all studies were included
in the analysis, higher-dose creatine supplementation daily, with and without a creatine-loading phase, had no greater
effect on upper-body strength compared to the placebo. However, sensitivity analysis showed that when the Candow et al.
28] study was removed, results became significant in favor of creatine. In this study, older males supplemented with
higher-dose creatine daily during supervised, whole-body resistance training for 52 weeks. Results showed that changes
in upper-body strength were similar between creatine and placebo over time. Both creatine and placebo groups
experienced large increases in strength over time (creatine: ~69 kg; placebo: ~76 kg) which likely masked any effect from
creatine supplementation.

Regarding lower-body strength, creatine-loading followed by higher-dose creatine daily had a favorable effect on strength
whereas creatine-loading followed by lower-dose creatine daily had no greater effect compared to the placebo. The
magnitude of responsiveness to creatine supplementation in older adults may depend on initial intramuscular creatine
levels Q48] There is some evidence to suggest that phosphocreatine stores decrease with aging [&, especially in muscles
of the lower limbs, possibly due to type-ll muscle fiber atrophy, reduced participation in high-intensity activities and
reduced meat consumption 22l Furthermore, lower-body muscle groups are more negatively affected (i.e., greater
strength deficit) by the aging process than upper-body muscle groups 2. Therefore, to overcome possible age-related



changes in muscle creatine content and lower-body muscle morphology, higher creatine dosages (as opposed to lower-
creatine dosages) may be needed on a daily basis after a creatine-loading phase to improve lower-body strength in older
adults.

Most importantly, all the studies identified as using a high dose (i.e., >5 g/day) were based on a relative dosing strategy
(based on body mass; g/kg/day), while all the low dose studies used an absolute dosing strategy (g/day). As such, future
research is required to directly compare an absolute and relative strategy to determine which method is superior.

Older adults who ingested creatine only on resistance training days experienced greater gains in measures of lean tissue
mass and strength compared to the placebo. One study implemented a creatine-loading phase prior to lower-dose
creatine daily 22 whereas the other studies implemented a higher-dose daily strategy 2423, A common theme across all
studies was that creatine was consumed within 60 min’ post-exercise. While the mechanistic actions of creatine were not
determined in these studies, previous research has shown that prior muscle contractions (i.e., resistance training
sessions) stimulate greater creatine uptake into muscle B9 possibly through increased activation of creatine transport
kinetics B2l These results may be important, as compliance to a creatine supplementation program may be higher
when creatine is only consumed on training days. However, it is unknown whether older adults experience the same
muscle benefits when consuming creatine supplementation daily vs. only on training days during a resistance training
program. In addition, a provision of creatine from a regular diet should be accounted for a total exposure to creatine in this
population since creatine consumption varies in the elderly B3],

Although the focus of this review was on combining creatine with resistance exercise, there appears to be some benefits
of creatine without concomitant exercise in older adults 241351, Future research may be warranted to examine the dose of
creatine to enhance muscle performance without exercise.

| 3. Conclusions

Increasing whole-body lean tissue mass and strength is fundamental for mitigating sarcopenia and associated conditions
of osteoporosis and physical frailty . Similar to previous meta-analyses B33 our results showed that creatine
supplementation and resistance training increases measures of lean tissue mass and strength in older adults vs. placebo.
However, unique and important results from our sub-analyses indicate that a creatine-loading phase is important for older
adults wanting to improve muscle strength. In addition to a creatine-loading phase, a lower daily dosage of creatine (<5 g)
appears sufficient to improve upper-body strength. However, a higher daily dosage of creatine (>5 g) after the loading
phase is needed to increase lower-body strength. Regarding the effects of creatine ingestion frequency, creatine
supplementation only on resistance training days significantly increased measures of lean tissue mass and strength
compared to placebo.
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