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Muscle growth involves increasing muscular size, typically through strength training and protein supplementation.

ergogenic aids performance enhancement muscle growth

| 1. Introduction

Muscle growth involves increasing muscular size, typically through strength training and protein supplementation
[l Dietary protein intake supports skeletal muscle remodeling after exercise by stimulating muscle protein
synthesis and can optimize resistance training-mediated increases in skeletal muscle size and strength . Muscle
growth has been an important issue in the sports field for decades. Numerous researchers have focused on how to
improve sports performance for athletics 2. In recent years, muscle growth has also become a popular issue in
clinical medicine. Sarcopenia is increasingly linked to aging and is associated with an increased likelihood of
adverse outcomes, including falls, fractures, frailty, and mortality 2!, Therefore, finding ways to increase muscle
strength and physical performance to prevent falling down, or even fractures, in the older population is one of the

most important issues in geriatrics 4.

Numerous supplements for muscle growth have been discovered or developed since the 1980s, such as whey
protein, casein, beta-hydroxy beta-methyl butyrate, omega-3 fatty acids, and creatine BBl Creatine, an
ergogenic compound, is an important intermediate in the metabolism of muscles, brain, and other tissues with high
energy demand and fluxes . It is endogenously formed from the amino acids arginine, glycine, and methionine in

the kidneys and liver 29, Exogenously, creatine is primarily consumed via meat and/or as a dietary supplement.

Creatine monohydrate supplementation can increase the phosphocreatine/creatine ratio in skeletal muscle tissue,
thereby increasing the capacity for rapid adenosine triphosphate (ATP) resynthesis during repeated high-intensity
exercise tasks L2314 The increase in lean mass following creatine supplementation has at least partly been
attributed to water retention in muscle tissue 13I131 Greater osmotic pressure following the increase in creatine
content has been suggested to result in muscle cell swelling, which is considered a key stimulus for cell growth 23]
[14](16],

Creatine has also been a popular and effective ergogenic supplementation among athletes of all levels for
decades. Despite over 50 years of research, the field of sports nutrition regarding creatine continues to grow at a
rapid rate. Many studies have demonstrated that creatine supplementation, in combination with various kinds of

training, is effective at augmenting training workouts and increasing muscular strength and lean body mass 2417,
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Due to the sheer volume of studies on creatine supplementation for muscle growth, some evidence of confusion

and conflict exists.

| 2. Dosage Strategies of Creatine Supplementation

The positive effects of creatine supplementation on muscle strength, muscle mass, and sport performance seemed
to only be found in healthy young adults, regardless of whether they were trained or untrained before use, and
different dosage strategies were effective. In the studies of young adults, creatine supplementation without a
loading dose still had a positive effect on muscle mass, sport performance, and muscle strength within two weeks
(18] Consistent with this, Antonio et al. showed increased intramuscular creatine storage, muscle accretion, and

muscle performance even under lower daily dosages of creatine supplementation (i.e., 3-5 g/day) 17.

3. Exercise and Its Relationship with Creatine
Supplementation

3.1. Type of Exercise That Benefits from Creatine Supplementation

Among the trials on healthy trained young subjects, resistance training, elite soccer training, canoe basic training,
and plyometric training were included 13J1191120121][22]123] The gbove information revealed that all kinds of assessed
exercise and training with creatine supplementation were effective for increasing muscle accretion and muscle
performance. Consistent with this, Antonio et al. mentioned that a variety of athletic activities, not just those

involving resistance/power, may benefit from creatine supplementation 71,

3.2. Without Exercise during the Creatine Supplementation Period

The healthy untrained subjects in the trial of del Favero et al. were instructed to refrain from any exercise training
program throughout the study. However, those subjects with creatine supplementation still had increased muscle
power output and muscle strength when compared to the placebo. According to the study protocol, a 12 day
exercise program, including a familiarization session, 1-RM maximum dynamic strength test, and muscle power
output test, was executed prior to creatine supplementation [24l. |t seems that the 12 day exercise program was
enough to observe muscles benefiting from creatine supplementation, including through an increase in
intramuscular creatine storage and muscle growth as well as a further increase in muscle power output and muscle
strength. In the trial of Backx et al., the non-immobilized leg (without training, but needing daily physical activity)
and the quadricep muscle CSA did not change differently in the placebo or creatine group (p = 0.63) during
immobilization. However, 1-RM of the non-immobilized leg increased during the immobilization period (p = 0.03)
with no differences between the placebo and creatine groups (p = 0.90) [23l. Therefore, creatine supplementation

was ineffective on muscle growth when sufficient training was lacking.

3.3. The Effect of Creatine Supplementation on Muscle Damage or Recovery
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Serum creatine kinase activity reflects muscle membrane disruption, which is often elevated after exercise or
resistance training. Wang et al. found that creatine kinase was obviously decreased in the creatine group when
compared to the placebo control group (p < 0.05). Creatine supplementation could reduce muscle damage after
training 23, However, Kaviani et al. found that creatine kinase more obviously increased in the creatine group
when compared to the placebo control group (p < 0.05) after whole-body resistance training. Creatine
supplementation did not prevent muscle damage &, Thus, the results are conflicting. Jiaming et al. performed a
systematic review and meta-analysis of RCTs for the effect of creatine supplementation on recovery following
exercise-induced muscle damage. This revealed that creatine supplementation is effective in reducing the
immediate muscle damage that happens < 24, 24, 48, 72, and 96 h post-exercise. In the current meta-analysis, the
positive effects of creatine could cause a decrease in the overall CK concentration. However, due to high
heterogeneity and the medium risk of bias in articles, they suggest that these results are taken into account and
that the data be interpreted with caution 28, Northeast et al. also performed a systematic review and meta-analysis
of human intervention trials regarding the effect of creatine supplementation on the markers of exercise-induced
muscle damage. They found that creatine supplementation does not accelerate recovery following exercise-
induced muscle damage. Creatine attenuated creatine kinase activity only at 48 h post-exercise and not at any
other time points. High (12; >75%) and significant (chi?; p < 0.01) heterogeneity was identified for all outcome
measures at various follow-up times 22, Therefore, the effect of creatine supplementation on muscle damage is

still controversial.

3.4. The Effect of Creatine Supplementation on Mitigating or Attenuating the Loss
of Muscle Mass or Muscular Strength during Immobilization

Creatine supplementation while immobilized during casting is a research theme that has been emerging in recent
years. Fransen et al. and Backx et al. found that creatine supplementation had no effects on the preservation of
muscle mass or strength during casting (28123 However, Harmon et al. found that creatine supplementation may
promote maintenance and mitigate the loss of muscle mass, muscular strength, and endurance, as well as
promote healthy glucoregulation, during periods of immobilization 29, However, different study protocols (e.g.,
involved muscle group, duration, and creatine dose) may have influence the observed findings 2. Therefore, the
effect of creatine supplementation on mitigating or attenuating the loss of muscle mass or muscular strength during

immobilization is still controversial.

3.5. The Effect of Creatine Supplementation on Older Populations

In healthy untrained older subjects, creatine supplementation had no obvious effect on the increase in muscle
strength, sport performance, or muscle hypertrophy when compared to the placebo control group. However,
Candow et al. published two review articles in 2014 and 2019, mentioning that creatine may positively increase
muscle mass and strength in the elderly B3l However, Candow et al. found that after 12 months of training,
there was no obvious increase in muscle thickness by DXA in the creatine group when compared to the placebo
group B2, Candow et al. performed another trial using pQCT for muscle density and showed that creatine

supplementation may have some favorable effects on muscle density in the lower but not upper limbs B8l In the
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recent two studies of Candow et al., which measured muscle mass differently, the researchers were attempting to
test a different method to find evidence that creatine promotes muscle growth. A review article by Antonio et al.
mentioned that creatine supplementation in the elderly population may have a positive effect on increasing muscle
mass, especially during resistance training 7. Based on the current evidence, it is not clear whether creatine can
increase muscle mass and strength in the elderly population, and more research is needed to reach a clear

conclusion.

3.6. The Effect of Creatine Supplementation on Patients

Many diseases may cause muscle atrophy or muscle lesions and result in a loss of muscle strength and a
decrease in quality of life. Creatine supplementation is a novel field in clinical medicine. Domingues et al. and
Dover et al. revealed no obvious effect on muscular performance in the creatine group when compared to the
placebo group in peripheral arterial disease and juvenile dermatomyositis, respectively. Moreover, the subjects had
high compliance, with almost no side effects due to creatine supplementation. Thus, creatine appears to be safe for

the human body and for all populations, with no additional adverse effects on liver and kidney function 2Z1241(35]
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