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Abstract

Introduction: Ageing is associated with body composition changes, including decreases in muscle mass and
bone content and increases in fat mass. Creatine supplementation is associated with increases in lean Tissue mass in
athletes, leading to increased strength and power. There has been recent interest in if creatine supplementation may
have similar effects in older individuals, to offset the changes seen in body composition and increase quality of life.

Aims: This review assesses the current literature on whether creatine supplementation in the presence or absence
of resistance training improves body composition and bone health in older adults.

Results: In terms of resistance training and creatine supplementation in Combination, there is evidence for
increased lean body mass following long-term investigations, above that of resistance training with placebo. Studies
without resistance training mostly use acute strategies of creatine supplementation and have produced conflicting
reports on lean body mass. Body fat percentage does not seem to be altered by either resistance training or creatine
supplementation. The literature on creatine supplementation’s effect on bone health is also inconclusive, with some
reports showing significant increases in bone mineral density, whereas several others show no effect.

Conclusions: Creatine supplementation in the elderly may lead to increased lean body mass, and increased bone
strength; however these results are far from conclusive. Dosing and timing supplementation protocols between studies
may be responsible for the different results and future studies should concentrate on determining if acute or chronic

creatine supplementation has a more beneficial effect on body composition in the elderly.

Keywords: Ageing; Creatine; Elderly; Supplementation; Resistance
training; Bone health; Body composition

Introduction

In the developed world, we are seeing a rapidly expanding elderly
population. Latest statistics suggest that the number of people aged over
65 is projected to rise by over 40% in the next 17 years in the United
Kingdom [1]. Hence there is a greater need now than ever to understand
the biochemical and anatomical changes that occur in ageing, in order
to allow them a continued quality of life.

Ageing has been associated with increases in body weight and
fat mass, along with decreases in muscle, protein and bone mineral
content [2]. A cross-sectional study determined that the increase in
fat mass percentage seen in ageing is mostly due to reduced lean mass,
except for in the abdomen where the increase is due to fat deposits [3].
This increase in fat mass seen in the elderly is especially worrying as
adipose tissue is an important source of pro-inflammatory mediators
[4]. This state of inflammation can lead to an increase in risk for many
age-related disorders such as atherosclerosis through processes such as
endothelial dysfunction [5]. Furthermore, body composition changes
in age often occur in the absence of actual weight changes, making
investigating the differences in lean body mass and fat mass of high
importance [6].

Resistance training has shown positive effects on body composition
in elderly subjects [7] and if individuals are healthy enough, regular
strength and cardiovascular exercises should be encouraged to
maintain body health. However, a longitudinal study in healthy elderly
subjects which showed decreases in lean tissues with age, reported that
increased physical activity was not able to limit this loss in females at all,
and only offset it slightly in males [2]. Also not all elderly subjects are
able to or willing to partake in resistance exercise on a regular basis [1].
Thus an additional strategy may be advantageous in negating this lean
body mass loss seen in age.

Over the past years, many studies have indicated the potential use
of creatine supplementation in the elderly in order to increase strength
and counteract sarcopenia [8]. Creatine is naturally synthesised within
the body and is located in skeletal muscles as either free (40%) or in its
phosphorylated form (PCr) [9]. It is an important molecule in energy
transfer during skeletal muscle contraction, allowing for short bursts
of high intensity exercise [9]. Creatine kinase maintains ADP and ATP
concentrations at a near constant level for several seconds when the
muscle contracts through transfer of a phosphoryl group from PCr
to ADP (Figure 1) [10]. Creatine also acts through mitochondrial-
myofibril shuttling, where PCr is moved from the mitochondria to
the myofibrils in periods of intense exercise [11]. PCr is subsequently
dephosphorylated, allowing for ATP regeneration and sustained

CK

Cr+ATP

” PCr + ADP + H

Figure 1: Creatine (Cr) and ATP are catalysed by creatine kinase (CK) to form
PCr, which acts as an energy store when extra energy is not required.
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muscle contraction, before being shuttled back to the mitochondria to
be phosphorylated again [11]. Creatine supplementation is suggested
to increase this free pool of creatine needed for PCr resynthesis, which
may enhance energy transfer [9].

In times of requirement, for example high intensity exercise, PCr is
shuttled to sites of ATP consumption, where CK catalyses the reverse
reaction to replenish ATP at these sites, allowing for increased muscular
contraction. PCr and ATP stores are limited however and exercise can
only be sustained for approximately seconds [9] exogenous creatine
may increase the efficiency of this system by providing more substrate
for sustained energy provision [12].

Creatine supplementation has been reported as an effective method
to increase physical performance and body mass in many studies
utilising it as a sporting aid, especially those involving short, anaerobic
activities [13]. Recent interest has also focused on the use of creatine in
human ageing, where it has been suggested to have a role in increasing
muscle strength and lean body mass, with or without associated
resistance training [14]. Interestingly, creatine supplementation
has also been linked to an increase in bone cell development and
differentiation [15], especially important in the elderly due to the high
levels of osteoporosis (OP) reported with age [1]. OP is characterised
by low bone mineral density (BMD) and bone tissue deterioration that
leads to an increased risk of bone fractures, often resulting in disability,
reduced quality of life and mortality [16]. For many years, body weight
was seen to be a clear indicator of BMD, and obesity a protective
factor against OP [17]. However recent evidence suggests that obesity
and OP are closely mechanistically connected, and extra weight puts
elderly individuals at risk for certain fractures [18]. Furthermore,
inflammation that characterises the obese state produces cytokines that
may stimulate bone resorption, reducing BMD and bone strength [16].
Thus, improving body composition may be advantageous in protecting
against OP. A study in patients with Duchenne muscular dystrophy
reported increased bone density and reduced bone resorption markers
with creatine supplementation [19], suggesting it may have a role as an
aid to counteract the decline in bone mass experienced with advancing
age. This could be highly advantageous as this supplementation
may increase fitness and motility, allowing for a healthier and more
independent lifestyle.

Aims

This review aims to investigate if there is any current evidence in
the literature to indicate that creatine supplementation in the elderly
population has beneficial effects in decreasing fat and prompting lean
body mass in terms of muscle and bone.

The effect of creatine supplementation and resistance training
on body composition

Resistance training alone is well documented for increasing lean
body mass and muscular integrity [7]. Creatine supplementation
combined with resistance training has been consistently shown to have
a positive effect on body composition in studies on young subjects [20].
A meta-analysis on one hundred studies supplementing young subjects
with creatine revealed a small but significant improvement on body
composition, particularly prevalent when resistance training repetitive-
bout rather than single bout (p=0.028) [21]. Increased muscular
strength and power have also been demonstrated following creatine
Supplementation and training in young men and women [13,22].

Table 1 shows a summary of studies, which have investigated
body composition following a protocol of creatine supplementation

and resistance training in elderly subjects between 55-90 years. There
is some convincing evidence that there is an increase in body mass
following a long-term protocol of creatine supplementation alongside
an exercise protocol. Chrusch et al. show a significant increase in body
mass, and more importantly this increase is lean body weight rather
than water retention or fat [23]. Significant improvements in lean
body mass have also been reported following similar protocols [24,25].
Interestingly, Tarnoplsky et al. also show significant increases in fat-
free mass following only two resistance training sessions a week, a less
intense exercise protocol [26]. However it should also be considered
that this study supplemented participants with both creatine and
CLA, although CLA has not been reported to increase lean body mass
or decrease fat mass in previous literature [27]. Other studies have
found contrasting results [28-31], detailing no significant differences
in the creatine or placebo supplementing group beyond the effects of
resistance training alone.

Interestingly, the vast majority of studies that reported increases in
fat free mass did not report any difference in body fat percentage or
fat mass. This suggests that the subjects are not actually losing any fat
tissue, which may not change their health status in terms of risk of the
inflammatory conditions associated with obesity [4]. However, these
studies are mostly performed in healthy older people, thus it may be
that the increased training and supplementation in an overweight or
obese cohort may show different results.

It should also be mentioned that there are many differences in
study protocols, with varying concentration of supplement given other
a range of 70-224 days, and some investigators utilising a loading
phase in addition to the general maintenance supplementation,
making it difficult to directly compare the results of the protocols.
However, a meta-analysis examining ten studies concluded that
creatine supplementation, when combined with resistance training,
significantly increased total body mass (p = 0.04) and fat-free mass (p <
0.0001) when compared with placebo [32]. Thus there is some evidence
that combining resistance training with creatine supplementation can
have a positive effect on body composition in the elderly.

The effect of creatine supplementation on body composition
without associated resistance exercise programmes

As stated above, a previous meta-analysis has shown that resistance
training and creatine supplementation may lead to an increase in fat-
free mass [32], although this may be independent of reductions in fat
tissue itself. However, it has not been examined as to whether this is
true without resistance training. Table 2 shows a summary of body
composition results from protocols without any associated exercise.
Most of these studies only used an acute creatine supplementation
protocol, unlike those with resistance training, which were more long-
term studies. Gotshalk et al. [33,34] showed significant increases in body
mass in both males and females following a creatine supplementation
protocol, which is attributed to increases in fat free mass. Rawson and
Clarkson also show a small but significant increase in fat-free mass in
male subjects [35], however this effect was not seen in an earlier longer-
term study [36]. Multiple other studies have reported no effect on body
composition with creatine supplementation [37,38]. The differences
in supplementation protocols used for these studies may contribute to
the varying results, as it may be that short-term dosing has different
effects than long-term studies. Only one recent study on elderly women
by Lobo et al. used a long-term strategy for assessing any potential
improvements [39]. They reported no differences between creatine
and placebo supplementation. However they also used a very low dose,
much lower than those used in conjunction with resistance training
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Study’ Supplementation Training ssions/wk
Aguiar et al. 2013 5 g/d for 84 days 3
Bermon et al. [29] 5 g/d for 98 days 3

LP =7 g/day for 14 days on training days
MP = 5 g/day for 98 days on training days

5 g/d for 98 days 3

Bermon et al. [38] 3

Brose et al. [24]
0.1 g.kg™ on training days only for 70

Candow et al. [25] Days (Average Cr/d = 8.6 g/d) 3
4 -
Candow et al. [43] 0.1 g.kg™" on training days only for 224 3
days
LP = 0.3 g.kg" for 5 days MP = 0.07 g.kg"'
Chilibeck et al. [43] | for 79 days (Average Cr/d: LP = 26.4 g/d 3
MP =6.16 g/d)
(LP = 0.3 g.kg" body mass for 5 days
MP=0.07 g.kg"' body mass for 79 days
Chruschetal. [28]  )\\qrage Crid: LP = 26.4 g/d MP = 6.16 3
g/d)
Eijinde et al. 1985 5 g/d for 185 days 2-3
Gualano et al. 2014 LP: 20 g/day for 5 days MP: 5 g/day for 2
161 days
Tarnopolsky et al. 5 g/day for 168 days P

2007

Body Mass Fat Mass Fat Free Mass % Body Fat

NS - Muscle Mass SD + 3.7%, P<0.01 NS

NS NS NS NS

- - NS NS

SD + 1.2 kg (P<0.05) NS SD + 1.3 kg (P <0.05) NS
SD + 1 kg (P<0.05) - SD + 1.5 kg (P<0.05) -
- NS SD + 3 kg (P<0.025) -
NS - NS -

SD + 3 kg (P <0.05) NS SD + 3.3 kg (P <0.05) NS

NS NS NS NS

NS NS SD +1.31% (P<0.05) NS

- - SD + 1.2 kg (P<0.05) NS

Table 1: Summary table of key studies investigating the effect of creatine supplementation on body composition in elderly subjects with combined resistance training
programmes. Cr: Creatine. LP: Loading Phase. MP: Maintenance Phase. G/d: grams per day. SD: significant difference. NS: No significant difference. -: Not measured.
Values given are improvements made after creatine supplemented training compared with placebo.

Study
Gotshalk et al. [34]
Gotshalk et al. [33]
Lobo et al. [39]
Rawson and Clarkson, [35]

Supplementation
0.3 g.kg! body mass for 7 days
0.3 g.kg™ body mass for 7 days
1 g/d for 365 days
20 g of Cr for 5 days

LP: 20 g of Cr for 10 days MP: 4 g for
20 days

LP: 20 g/day for 7 days
MP: 10 g/day for 7 days

15 g/day for 5 days

Rawson et al. [36]

Stout et al. [37]

Wiroth et al. [38]

Body Mass
SD + 1.86 kg (P<0.05) -
SD + 0.49 kg (P<0.05) -

NS

NS

NS

NS

Fat Mass Fat Free Mass % Body Fat

SD +2.22 kg (P<0.05) NS

SD +0.52 kg (P<0.05) NS

NS NS NS

- SD +0.5 kg NS

NS NS NS
NS NS NS
NS NS NS

Table 2: Summary table of key studies investigating the effect of creatine supplementation on body composition in elderly subjects without associated resistance training.
Cr: Creatine. LP: Loading Phase. MP: Maintenance Phase. G/d: grams per day. SD: significant difference. NS: No significant difference. -: Not measured. Values given are

improvements made after creatine supplemented training compared with placebo.

(Table 1), suggesting that the creatine supplement may have been
too low to see any significant effects. Long-term studies with a higher
dose of creatine without any training are needed to make any strong
conclusions as to the efficacy of creatine without resistance training
to improve body composition. Also, the mechanisms as to how acute
creatine supplementation has implications on body mass should be
further investigated in terms of how it differs from chronic or long-
term supplementation.

The effect of creatine supplementation on bone mass

OP is a common and deliberating condition associated with the
elderly [3]. The causes are complex and range from genetics, hormone
changes and diet alterations that are associated with advancing age
[1]. Resistance training is often recommended in order to build bone
mineral content and offset the bone damage and osteocyte loss seen
with OP [40]. There have been some promising results [41], however
recent interest in creatine supplementation have concentrated on
whether the supplement can further these results. In an initial study
by Chilibeck et al. following a 12 week protocol of training and
supplementation (Table 3), a significant increase in BMD in the arm
(3.2%) was observed, correlating with an increased, but insignificant,

lean muscle at the site [30]. However this promising early study was not
replicated by further experiments [26,42] who reported no differences
in bone health following similar protocols. Chilibeck et al. published a
follow up long-term study and showed that creatine supplementation
combined with resistance training showed a decreased bone mineral
loss in the femur compared to placebo [43]. This may suggest that a
long-term supplementation protocol is needed to see differences in
bone health, alongside resistance training.

Conclusions

Creatine supplementation has been put forward as a candidate
to improve body composition in the elderly due to being a fairly safe
supplement, with very few adverse effects being reported [44]. Some
studies have noted an increase in gastrointestinal complaints, but this
may also be due to the uptake of resistance training in combination
with creatine [44]. There are very few reports of kidney problems
following ingestion of creatine, important in terms of the age of the
subjects addressed in these studies.

In combination with resistance training, there is some reasonably
strong evidence that creatine supplementation can increase lean mass
and improve muscular strength [32]. Creatine is thought to illicit this
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Study Supplementation

LP = 0.3 g.kg"' body mass for 5 days
MP = 0.07 g.kg"' body mass for 79 days
Average:

LP = 26.4 g/day
MP = 6.16 g/day

Chilibeck et al. [30]

Chilibeck et al. [43] 0.1 g.kg™' body mass for 365 days

LP: 20 g/day for 5 days

Gualano et al. [42] MP: 5 g/day for 161 days

Lobo et al. [39]
Tarnopolsky et al. [8]

1 g/d for 365 days
5 g/day for 168 days

Training sessions/wk Bone health parameters

3 Increased arm BMD (3.2%, p <0.01)

Decreased femoral neck BMD loss (CR =-1.9 vs.
Placebo = -3.9%, P < 0.05) Increased femoral shaft

3 subperiosteal width (Cr = +0.25 cm vs. placebo =
+0.22 cm, P <0.05)

2 NS

0 NS

2 NS

Table 3: Summary table of key studies investigating the effect of creatine supplementation on bone health parameters in elderly subjects. Cr: Creatine. LP: Loading Phase.
MP: Maintenance Phase. G/d: grams per day. SD: significant difference. NS: No significant difference. -: Not measured. BMD: Bone Mineral Density. Values given are

improvements made after creatine supplemented training compared with placebo

effect through several mechanisms, for example through activation
of myogenic transcription factors, such as Myo-D, myogenin and
MRF-4 [45,46]. This may also lead to enhancement of satellite cell
activation which progress along the myogenic lineage to produce
activated myoblasts, eventually fusing to become a myofibril [47];
similar to increases in satellite cells seen during resistance training.
This has particular relevance in the elderly population as satellite cell
populations are known to decline with advancing age [48]. This may
lead to the suggestion that activation of myogenic transcription factors
by satellite cell recruitment are part of the mechanism that resistance
training and creatine supplementation activate to increase muscle mass
and strength.

Another important question to be addressed is whether creatine
supplementation can improve body composition without any resistance
training, as a large proportion of the elderly population are unlikely
to partake in regular strength training. Only one group has shown
significant gains in lean body mass in both male and female older
subjects [33,34] while others report only small or insignificant changes.
It could be suggested that the differences seen in Gotshalk et al’s study
can be contributed to water retention as they utilise an acute short-term
protocol [49]. Creatine is a powerful osmolyte, inducing water loading
in muscle, which may account for the increase seen in body mass [49].
However this in itself may be useful, as it may lead to increased muscle
mass itself through protein synthesis or a decrease in muscle atrophy
[33].

In terms of bone, studies on rats, both healthy and ovariectomised
[50] have shown increases in bone mineral density with creatine
supplementation. Translating these results to humans led to some
initial evidence of long-term creatine supplementation could offset
bone loss in the elderly with osteopenia and osteoporosis in males [30].
However further investigations did not fully support these observations,
particularly in studies on postmenopausal women [39]. There may be
an explanation for this; exercise appears to be less effective at increasing
bone mass in elderly women compared to younger subjects [51], an
effect which may be replicated with creatine supplementation. Also
it may be the case that a more intensive exercise plan is required to
increase bone mass, particualry if the increase is due to an enhanced
load on the bone at muscle attachment sites [30].

There are also several limitations in these studies. Most
experimental studies do not measure muscle creatine or PCr levels in
order to see if the supplement has also resulted in increased creatine.
This is relevant as Syrootuik and Bell have suggested that subjects

may be responders and non-responders to creatine, mainly due to
skeletal muscle fibre type [52], which may partly explain the differences
in results between subjects. It may be suggested that determining a
subject’s muscle fibre physiological profile, potentially through genetic
profiling, may be advantageous in order to compare groups within a
study. Furthermore, several studies suffer from low sample sizes and
heterogeneous populations in terms of exact age or health status. These
factors all could have confounded some of the conclusions each study
came to. In conclusion, ageing is associated with increasing body fat
and decreases in lean body mass [2]. This can contribute too many
disorders associated with ageing, such as sarcopenia, osteoporosis
and inflammatory conditions such as atherosclerosis, thus it is of
high interest to design strategies to improve body composition [1].
Resistance training is a well-documented intervention for sarcopenia
and current knowledge seems to suggest that creatine supplementation
alongside a structured resistance training plan may enhance the effects
seen on reducing fat and increasing lean body mass in terms of muscle
and bone. This increase in muscular strength could increase functional
performance, allowing them an advanced ability to deal with daily tasks
such as walking, which itself could contribute towards general fitness
and health in the elderly.
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