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Abstract: Background/Objectives: Creatine monohydrate (CrM) is considered to be one of
the most effective supplements for enhancing lean body mass during resistance training.
However, CrM may influence body water content, potentially confounding lean body mass
measurements. Therefore, this randomised controlled trial assessed the effect of CrM alone
on lean body mass following a supplement wash-in, and when combined with a resistance
training program. Methods: Sixty-three (34 females, 29 males, 31 £ 8 years) participants
were randomised to supplement with CrM (5 g/day for 13 weeks: wash-in + 12-week
resistance training) or serve as a control (received no creatine or placebo). Lean body mass
was measured using dual X-ray absorptiometry at baseline, post 7-day wash-in, and post
12 weeks of resistance training. Both groups began the same training program post CrM
wash-in. Results: After the 7-day wash-in, the supplement group gained 0.51 & 1.79 kg
more lean body mass than the control group (p = 0.03). Following the wash-in, both groups
gained 2 kg after resistance training (p < 0.0001), with no between-group difference in lean
body mass growth (p = 0.71). Sex-disaggregated analysis showed that the supplement
group, only in females, gained 0.59 £ 1.61 kg more lean body mass than the controls
(p = 0.04). There were no group differences in lean body mass growth following resistance
training in females (p = 0.10) or males (p = 0.35). Conclusions: A 7-day CrM wash-in
increased lean body mass, particularly in females. Thereafter, CrM did not enhance lean
body mass growth when combined with resistance training, likely due to its short-term
effects on lean body mass measurements. A maintenance dose of higher than 5 g/day may
be necessary to augment lean body mass growth.

Keywords: nutrition; strength training; hypertrophy

1. Introduction

The benefits of improving lean body mass (LBM) are far reaching, including reduced
all-cause mortality [1], better bone health [2,3], and improved glycaemic control [4]. Resis-
tance training (RT) is well established as the gold-standard method of stimulating LBM
growth, with an average increase in LBM of ~1.5 kg expected following training periods
of approximately three to four months [5,6]. There are an array of dietary methods pro-
posed to augment RT adaptations [7], including long-term creatine monohydrate (CrM)
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supplementation, which has been shown to increase LBM by ~1.1 kg more than RT alone
in healthy adults 18 to 47 years old [8,9]. The larger LBM growth with CrM has been
proposed to be the result of greater training volume during RT, thereby eliciting a larger
growth stimulus [10]. Although CrM may influence LBM growth by enhancing the growth
factors, processes, and pathways involved in the translation of muscle proteins [11,12],
there is currently no direct evidence that CrM increases the rates of protein synthesis [13].
Furthermore, the effects of CrM alone on LBM compared to RT have only been examined
in older adults [14]. Therefore, there is no original research elucidating the relationship
between long-term CrM supplementation and LBM gains in the absence of exercise in
healthy individuals aged under 50 years.

CrM dosing strategies include ‘loading’ and ‘maintenance’ phases. Loading involves
supplementing with 20-25 g/day for five to seven days prior to a ‘maintenance’ dose of
2-5 g/day. Loading is used to rapidly saturate intramuscular creatine stores [15]; thus, it
is believed to optimise the ergogenic benefits of supplementation. Consuming 2-5 g/day
for at least four weeks has been established as sufficient for increasing intramuscular
creatine stores [15] as well as muscle size [16,17]. Given that the rise in intramuscular
creatine stores occur more slowly with maintenance doses, the approach may be more
effective for increasing LBM growth with long-term RT [10,18]. However, studies reporting
a significant relationship between 2-5 g/day and greater LBM growth included loading
phases. Thus, it is unclear whether the slower rise in intramuscular creatine stores with long-
term maintenance doses, without prior loading phases, do augment LBM growth with RT.
There is some evidence to suggest that, since creatine uptake occurs via a sodium-dependant
transporter (SLC6A8) [19], the rapid increase in muscle creatine from loading protocols may
induce net (acute) water retention to compensate for changes in intracellular osmolality.
However, this evidence remains questionable. Studies of 5-6 weeks in duration showed no
increases in intracellular (ICW), extracellular (ECW), or total body water (TBW) [20-23].
Of these, all but one study [22] used a loading phase. In contrast, Powers et al. [24] and
Ribeiro et al. [25], respectively, showed significant increases in TBW after 4 weeks, and
all fluid compartments after 8 weeks of supplementation inclusive of loading phases.
Importantly, these studies were all designed with baseline measurements conducted before
commencing long-term supplementation (Figure 1), which did not account for potential
changes to LBM measurements from CrM alone.
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Figure 1. Previous study designs utilised in exercise science and nutrition research.

To date, only one study has investigated the short-term effects of supplementation in
the absence of exercise. Safdar et al. [26] measured changes in TBW, fat-free mass (LBM
plus bone minerals), mRNA expression, and protein content in skeletal muscle after 10 days
of CrM supplementation alone (20 g/day for 3 days; 5 g/day for 7 days). Over time, CrM
significantly increased TBW and fat-free mass. The authors proposed that differential
gene expression with 10 days of CrM supplementation reflected a homeostatic adaptation
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to changes in cellular osmolarity. Based on these findings, it appears that short-term
CrM supplementation has the potential to impact measurements of LBM, independent of
training and/or dietary intervention. Therefore, it is possible that the larger increases in
LBM found when CrM is combined with RT in adults [8] are partly due to the impact of
short-term CrM alone on measurements of LBM and are not entirely indicative of gains
in LBM.

The purpose of this study was therefore to investigate whether whole-body and
segmental LBM measurements were affected by a seven-day wash-in of 5 g/day CrM in the
absence of RT in healthy, untrained adults. It was hypothesised that the 7-day CrM wash-in
phase would significantly increase LBM measurements. We then sought to investigate
whether the wash-in LBM outcomes impacted changes in LBM following supplementation
with a 12-week RT. We hypothesised that an increase in measured LBM after the wash-in
would affect the magnitude of LBM growth after the ensuing CrM and RT intervention.

2. Materials and Methods

This study was included as part of a larger single-blind, controlled, randomised trial
(Australia New Zealand Clinical Trial Registry number ACTRN12622000040763). The
research protocol was approved by the University of New South Wales Human Research
Ethics Committee on 2 December 2021 (approval number HC210725).

2.1. Experimental Approach

This randomised controlled trial was conducted over a period of 13 weeks. Assess-
ments were conducted at 3 time points (T): (T1) baseline; (T2) post 7-day non-exercise
wash-in phase; (T3) post 12-week RT intervention (Figure 2). This created 3 stages for the
intervention: 7-day non-exercise wash-in (T1 to T2); 12-week RT intervention only (T2 to
T3); wash-in and RT intervention (T1 to T3). For all assessments, participants reported to
the Exercise Physiology Research Lab (UNSW Sydney, Australia) at the same time of day
between 8 h and 9 h following an 8-h fast which included refraining from all liquids except
water. Hydration status and amount of water consumed was not controlled or measured.
Participants were additionally instructed to refrain from exercise for 12 h prior; to wear
exercise clothing free from zips, buckles, or metal; to remove jewellery; and to void the
bladder within 30 min prior to the assessment. Following the first assessment, participants
were randomised into the supplementation or control group. Block randomisation for
every ten participants was generated by using the website Randomization.com [27].

BASELINE POST WASH IN POST RT
=
ALLOCATION
\
DAY 0 7-day wash-in DAY 8 12-week RT WEEK 13

Figure 2. Current study design; RT = resistance training.

2.2. Participants

Individuals interested in participating were screened for eligibility with an online
pre-screen form using the Research Electronic Data Capture (REDCap) tool hosted at The
University of New South Wales [28,29]. The form included Stage 1 of the Australian
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Adult Pre-Exercise Screening System (APSS) [30] to identify those who may have been at
a higher risk of an adverse event due to exercise, and the International Physical Activity
Questionnaire Short Form (IPAQ-S) [31] to evaluate physical activity levels. After an
explanation of all procedures, risks, and benefits was provided, each participant provided
written informed consent before participating. Figure 3 shows the study enrolment process.

Assessed for eligibility: n = 100

Excluded: n = 37
« Not meeting inclusion criteria: n = 24
« Otherreasons: n=13

Randomised: n = 64

!

GROUP ALLOCATION —‘

C group: n =33 S group: n = 31

7-DAY WASH-IN INTERVENTION

Received intervention: n = 30
Discontinued intervention: n = 1
(Dropped out for unrelated reasons)

Received intervention: n = 33

WASH-IN ANALYSIS

Analysed: n = 33 Analysed: n = 31

RT INTERVENTION

Discontinued intervention: n = 5 Discontinued intervention: n = 4
(Dropped out for unrelated reasons) (Dropped out for unrelated reasons)
RT ANALYSIS

Analysed: n = 28 Analysed: n = 26

Figure 3. Study flowchart CONSORT diagram.

Apparently healthy individuals (18 to 50 years), with a body mass index of <30 kg/m?
and not meeting current physical activity guidelines of at least 150 min of moderate-
intensity exercise were included. The age-predicted maximum heart rate equation used
was (220-age), as this is the method used in the APSS [30]. Individuals who undertook
RT within the previous 12 months were excluded. Other exclusion criteria were the use of
antibiotics or creatine supplementation in the previous 8 weeks before the study started,
pregnancy, and the presence of any injury, disease, or chronic illness. Participant-descriptive
information is presented in Table 1.
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Table 1. Baseline characteristics of participants in the control and supplement group (mean + SD).

Control Supplement Test Statistic p Value
Sample size (1, female/male) 33 (18/15) 30 (16/14)
Age (years) 31+8 308 W =549 0.46
Body mass (kg) 69 + 14 73+ 19 W =4325 0.39
BMI (kg/m?) 23+3 24+5 W =438 0.44
LBM (kg) 46 £ 10 48 +£13 ; f: :_5%%% 0.41
Physical activity (mins/week) 52 +42 53+ 32 W =542 0.50

SD = standard deviation, kg = kilograms, m = meters; mins = minutes.

2.3. Procedures
2.3.1. Body Composition Measurement

Whole-body and segmental (arm, leg, and trunk) LBM (kg) and fat mass (FM, kg)
were measured using dual energy x-ray absorptiometry (DXA) (iDXA Series, GE Health-
care Lunar, Madison, WI, USA). The DXA underwent a quality-assurance check every
second day, and monthly calibration using phantoms and instructions provided by the
manufacturer (enCore software, version 15). Participants were instructed to wear the same
clothing for the pre and post scans. Height to the nearest 0.1 cm and weight to the nearest
0.1 kg were first measured manually using a stadiometer and calibrated electronic scale
(Seca, Birmingham, UK). Participants were asked to lay supine in anatomical position and
were given verbal and tactile cues to align body positions. They were instructed to refrain
from moving or talking until the scan was complete. The intraclass correlation coefficient
(ICC) for test-retest reliability of DXA LBM measurements for this sample, assessed using
a one-way random effects model, was 0.996, and the SEM was 0.59 kg.

2.3.2. Diet and Physical Activity Logs

Participants completed a 3-day food log for the 3 days prior to each assessment (base-
line, post seven-day wash-in phase, and post 12-week RT intervention) to provide an
estimate of their typical total kilocalorie (kcal/day) and macronutrient (g/day of carbohy-
drate, fat, and protein) intake. Dietary logs were self-recorded by participants and shared
with research personnel using the MyFitnessPal application (Under Armour Inc., Baltimore,
MA, USA), which contains a large, detailed food database. The IPAQ-S [31] was used
to assess changes in habitual physical activity across time. Participants were instructed
to maintain their current dietary habits and physical activity levels for the duration of
the study.

2.3.3. Supplementation Protocol

Participants began supplementing with 5 g of pure, unsweetened CrM (True Protein,
Brookvale, NSW 2100, Australia) after the first assessment. They were instructed to ingest
the CrM once a day, dissolved in water at any normal mealtime. The amount of water con-
sumed was not controlled for. Participants self-administered the CrM, and their compliance
was collected weekly using REDCap (version 14.5.3) electronic data-capture tools [28,29].
All participants were instructed to not exercise during the wash-in period, and this was
assessed by the IPAQ-S.

2.3.4. Resistance Training Program

After the 7-day wash-in, both groups followed the same RT program that comprising
3 full-body sessions a week for 12 weeks (Supplementary Materials, Table S1). All sessions
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were supervised by tertiary qualified exercise physiologists and commenced with a stan-
dardised warm-up of dynamic flexibility exercises. Each session consisted of 5 exercises:
2 compound movements each for the upper and lower body, and 1 isolation movement
for the upper body. Four sets were prescribed for all movements to ensure an adequate
weekly training volume for hypertrophy [32]. Training intensities were 6 to 12 repetition
maximums (RM) with 60 and 120 s of rest between sets and exercises, respectively. To
adhere to the prescribed RM, an individual’s rating of perceived exertion (RPE) on a Likert
scale of 1-10 was recorded. RPE corresponds to the number of repetitions an individual
perceives they will be able to perform after the set is complete, where an RPE 5 equates
to 5 reps more, RPE 6 is 4 reps more, RPE 7 is 3 reps more, and so on [33]. When a RPE of
8 or lower was recorded, the external load (kg) was adjusted on successive sets to ensure
that subjects achieved the target RM. The RM method was used to ensure that training
intensities were relative to the individual’s abilities while also standardising the training
intensity across all participants [34].

2.3.5. Statistical Analyses

Normality and equal variances were assessed using the Shapiro-Wilk and Levene’s
tests, respectively. Independent t-tests were performed to determine whether baseline
anthropometric and physical activity values were different between groups. Differences
in whole-body and segmental LBM change between groups were analysed separately
across the 3 stages of the intervention: 7-day non-exercise wash-in (T1 to T2); 12-week RT
intervention only (T2 to T3); wash-in and RT intervention (T1 to T3). A linear regression
model was used to analyse the differences in LBM changes between groups for each stage,
with absolute LBM from the beginning of the respective stage used as a covariate to adjust
for baseline differences. A linear mixed model (LMM) was used to assess differences in
caloric and macronutrient consumption across groups and time points. The Wilcoxon
rank-sum test and generalised linear model (GLM) were used instead of the independent
t-test and the linear regression model, respectively, when data were not normal or variances
were unequal. Effect size was demonstrated with partial eta squared (np?) and interpreted
as small (0.01-0.59), medium (0.06-0.139), or large (>0.14) [35]. A post hoc analysis was
conducted to assess changes in all LBM outcomes with sexes stratified. This study was
part of a larger randomised controlled trial assessing the effect of the gut microbiota on
LBM growth following RT. Given that the effect size of the gut microbiota on LBM changes
was unknown, an a priori power analysis was not conducted to calculate sample size. The
intended sample size of 33 per group in the present study included a potential attrition rate
of 10% and was based on sample sizes in similar studies [36-38].

Significance was set at p < 0.05 and 95% confidence intervals were used. All analyses
were conducted on R Studio version 4.3.2 [39] using the base stats, and emmeans (1.10.0) and
SimplyAgree (0.1.2) packages. All data are presented as mean =+ standard deviation (SD).

3. Results

One male from the CrM group withdrew after the baseline assessment for reasons
unrelated to the study and was not included in the analysis. Five people from the control
group (three females and two males) and four from the CrM group (two females and one
male) withdrew after the second assessment for reasons unrelated to the study. No adverse
events were reported during the intervention. Adherence to the CrM supplementation was
95%. Session attendance was 91.92% and exercise compliance was 99.91%. Self-reported
carbohydrate consumption was greater in the control group at baseline, while there were
no other differences in caloric or macronutrient intake between groups at each timepoint
(Supplementary Materials, Table S2).
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3.1. Body Composition
3.1.1. Seven-Day Wash-In Phase (T1-T2)

After the CrM wash-in period without exercise, there was a significant difference
between groups for changes in total LBM favouring the supplement group (p = 0.03;
Supplement: A 0.51 £ 1.26 kg; Control: A 0 & 1.20 kg; Figure 4). There were no between-
group differences in the segmental arm (p = 0.26) or leg (p = 0.72) LBM results. There
was a significant difference between groups for changes in trunk LBM favouring the
supplement group (p = 0.01; supplement: A 0.32 & 0.92 kg; control: A —0.10 £ 0.88 kg; see
Supplementary Materials, Table S3). There were no between-group differences in fat mass
(p = 0.27; Supplementary Materials, Table S54).

Absolute Change in LBM Between Assessments

%p =0.05
f 1
4
_ ] Control
g _ Supplement
o 3
o
c
g
o 2 *p =0.03
= r LR
m
= 1
c
©
[}] A
=
n=33 L n=30 n=28

Baseline to Wash-in Wash-in to Post RT Baseline to Post-RT

Assessment Phase

Figure 4. Absolute change (mean =+ SD) in lean body mass (kg), LBM = lean body mass, RT = resistance
training; * denotes p < 0.05.

3.1.2. Twelve-Week RT Intervention (T2-T3)

Following the wash-in, both groups gained 2 kg of total LBM after RT (p < 0.0001),
whereas there were no differences in total LBM change between groups (p = 0.71; supple-
ment: A 2.24 £ 1.79 kg; control: A 2.11 & 1.71 kg; see Figure 4). Changes in segmental
LBM were no different between groups (arm, p = 0.54; leg p = 0.54; trunk, p = 0.92; see
Supplementary Materials, Table S3). There were no between-group differences in fat mass
changes (p = 0.65; Supplementary Materials, Table S4).

3.1.3. Baseline to Post RT-Intervention (T1-T3)

Between baseline and the end of RT there was a significant difference between
groups for changes in total LBM favouring the supplement group (p = 0.05; supplement:
A 2.78 £ 1.89 kg; control: A 2.04 £ 2.70 kg; Figure 4). Changes in segmental LBM were not
different between groups (arm, p = 0.17; leg p = 0.27; trunk, p = 0.13; see Supplementary
Materials, Table S3). There were no between-group differences in fat mass changes (p = 0.47;
Supplementary Materials, Table S3).

3.2. Post Hoc Analysis: Sex Disaggregated Data
3.2.1. Seven-Day Wash-In Phase (T1-T2)

With sexes disaggregated, there was a significant difference between groups for
changes in total LBM in females favouring the supplement group (p = 0.04; supplement:
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A 0.55 £ 1.11 kg; control: A —0.03 £ 1.06 kg; Figure 5). Change in arm LBM in supplement
group females was significantly greater than controls (p = 0.03; supplement A 0.54 & 0.28 kg;
control: A 0.37 & 0.27 kg; Supplementary Materials, Table S3). Change in LBM of the legs
was not different between groups for females (p = 0.74), but there was a significant differ-
ence between groups in trunk LBM favouring the supplement group (p = 0.02; supplement:
A 0.38 £ 0.88 kg; control: A —0.17 &£ 0.83). There were no between-group differences in fat
mass changes for females (p = 0.75; Supplementary Materials, Table S4).

Absolute Change in LBM Between Assessments by Sexes

Females Males
5| [ Control 5
Supplement

= 4 %p =0.01 4
g 3 3 2
c
5 o
£ T > =
= T 0
o o
oy J L
c )
3 0 il T FEEERE e o =
= n=15 n=15 n=1sl n=13 =

1 -1

Baseline to Wash-in Wash-in to Post RT Baseline to Post RT Baseline to Wash-in Wash-in to Post RT Baseline to Post RT

Assessment Phase

Figure 5. Absolute change (mean + SD) in lean body mass (kg) by sex. LBM = lean body mass,
RT = resistance training; * denotes p < 0.05.

There were no between-group differences in total (p = 0.82), arm (p = 0.51), leg
(p =0.87), or trunk (p = 0.98) LBM change in males (Supplementary Materials, Table S3).
There were no between-group differences in fat mass changes for males (p = 0.15;
Supplementary Materials, Table S54).

3.2.2. Twelve-Week RT Intervention (T2-T3)

There were no differences between groups for total LBM change in females post wash-
in to post RT intervention (p = 0.10; Figure 5). Change in LBM of the arms was not different
between groups in females (p = 0.50; Supplementary Materials, Table S3). There was a
significant difference between groups in leg LBM change in females favouring the supple-
ment group (p = 0.05; supplement: A 1.08 & 0.74 kg; control: A 0.66 + 0.72 kg), while there
were no between-group differences in trunk LBM changes (p = 0.45). There were no group
differences in fat mass changes in females (p = 0.95; Supplementary Materials, Table S4).

There were no differences between groups for total (p = 0.35), arm (p = 0.36), leg
(p = 0.15), and trunk (p = 0.62) LBM changes in males. There were no group differences in
fat mass changes in males (p = 0.59; Supplementary Materials, Table S4).

3.2.3. Baseline-Post RT-Intervention (T1-T3)

Between baseline and the end of RT, there was a significant difference between groups
for total LBM change in females favouring the supplement group (p = 0.01; supplement:
A 2.60 £ 1.64 kg; control: A 1.40 =+ 1.59 kg; Figure 5). Change in arm LBM was signifi-
cantly greater in supplement group females compared to controls (p = 0.04; supplement:
A 0.54 £ 0.28 kg; control: A 0.37 £ 0.27 kg; Supplementary Materials, Table S3). There
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were no between-group differences in LBM changes for leg segments in females (p = 0.07),
whereas the supplement group gained significantly more trunk LBM than controls (p = 0.05;
supplement: A 0.92 £ 1.05 kg; control: A 0.32 & 1.01 kg). There were no between-group
differences in fat mass changes for females (p = 0.96; Supplementary Materials, Table 54).

There were no between-group differences for total LBM change in males (p = 0.81).
Changes in arm (p = 0.16), leg (p = 0.91) and trunk (p = 0.57) LBM in males was not different
between groups. There were no between-group differences in fat mass changes for males
(p = 0.38; Supplementary Materials, Table S54).

4. Discussion

Our results demonstrate that 5 g/day of CrM for seven days led to a significant
difference in LBM between groups in the absence of a RT stimulus. This study also found
that, when a supplement wash-in period is used prior to commencing RT, 5 g/day of CrtM
for 12 weeks did not increase LBM to a greater extent than RT alone. The unique design
utilised in this study allowed us to distinguish between the isolated effects of CrM and
the RT intervention. When the data across the three analyses (T1-T2, T2-T3, T1-13) are
examined, it appears that the driver for the ‘apparent” additional benefit of CrM is likely
coming from changes that occur from supplementation only in the short term.

In the exercise intervention research context, it has not been common practice to
have a supplemental wash-in phase prior to baseline assessments. For example, in a
recent systematic review demonstrating 1 kg more LBM growth following RT and CrM
supplementation, no studies utilised a wash-in [8]. In contrast, previous research revealed
that 10 days of CrM, comprising 3 loading and 7 maintenance days, in the absence of a RT
stimulus increased LBM by 1 kg [26]. Together with the results of the present study, our
findings demonstrate that to prevent over estimation of the effect of CrM combined with
RT, it would be beneficial to include a wash-in phase where the research question pertains
to the impact of CrM on LBM.

The effects of CrM on body composition have previously been explored predominantly
in males, though there may be unique outcomes in females [40]. Our results revealed that
the between-group differences in our study were driven by changes in the segmental region
of the trunk in the female group only. When data were disaggregated by sex, CrM did
not increase LBM in males across any time point. In contrast, in females, CrM increased
LBM at the wash-in phase, and when the traditional week 0-13 analysis was utilised.
Although there is considerable variability in the LBM outcomes, the significant sex-based
differences do suggest a meaningful difference that warrants further discussion. While
small shifts occur in extracellular fluid throughout the menstrual cycle, they are too small
to impact DXA measurements [41]. However, when CrM is supplemented in the luteal
phase of the menstrual cycle, there is a significant increase in total body water, extra cellular
fluid, and intracellular fluid when compared to placebo [42]. This could be a potential
mechanism of action in the current study. Alternatively, given that females may have higher
baseline levels of intramuscular creatine compared to males [43], the increase in creatine
consumption in this study could have produced a larger elevation in body water content in
females than males. However, we did not track the menstrual cycle or body water content.
Given that there are potentially different CrM effects across the lifecycle in females [40],
further research is needed to better understand how the effect of supplementation differs
between sexes in different scenarios.

Due to its safe and economical use with high precision, the DXA is considered a
reference standard to assess changes in LBM following interventions [44,45]. Nonetheless,
hydration, stomach contents and food consumption, body position, time of scanning, and
prior physical activity could affect whole-body and segmental DXA body composition
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measurements [46]. In this study, these variables were largely controlled for. However, the
type of food consumed before the eight-hour fast and amount of water intake were not
standardised and instead were left to the habitual intake of the participant. Although there
were no differences in caloric and macronutrients intake between assessments, differences
in stomach contents could have influenced DXA measurements [47]. Given the increase
in trunk LBM, coupled with the influence of body water and stomach content on DXA
measures of LBM, it is plausible that the LBM increases are owing to the changes in fluid in
the trunk region.

A limitation of the current study was that we did not assess intramuscular stores
of creatine, or creatine uptake levels. However, this is not routinely measured in the
RT literature because ~3-5 g/day of CrM supplementation is reportedly sufficient to
elicit increases in intramuscular creatine stores [15] and LBM [10], and likely also due
to the invasive nature of collecting muscle biopsies. It must be noted that the wash-in
phase results fall within the SEM for our DXA machine. Though, that error would not
be confined to the CrM group only, and as such, we believe that our data should still be
interpreted to reflect a valid between-group difference. Given that we did not track the
menstrual cycle or body water content in our study, we were unable to ascertain whether
the menstrual cycle impacted fluid retention in the S group. While we did assess changes
to caloric and macronutrient intake, no self-reported dietary assessment methods are free
of measurement error; as such, the reported values are likely an underestimation of true
values [48]. However, under-reporting was likely consistent across the intervention. As
such, the lack of reported differences in intake between assessments does likely reflect
participants’” adherence to their habitual diets. We did not collect data on long-term
dietary patterns, such as animal- or plant-based diets, and given the lower dietary intake
of creatine in vegetarians [49], this may have influenced individual responsiveness to
supplementation. In addition, while participants received instructions on supplement
dosing and their reported compliance was high, ingestion of the supplement was not
supervised. Therefore, it is possible that supplementation was, on average, lower than
the prescribed 5 g/day. Water consumption was neither measured nor controlled for
over the course of the 13-week study. Future research should incorporate measures of
hydration when investigating body composition changes following CrM. Finally, while the
findings from the present study suggest that more than 5 g/day of CrM may be necessary to
augment LBM growth with RT, we only assessed the effects of one dosing strategy. Future
research should consider comparing different dosing strategies with a wash-in phase.

5. Conclusions

CrM is publicised as the most effective ergogenic nutritional supplement to increase
high-intensity exercise capacity and LBM during training. In contrast to previous findings,
the results of this study showed that CrM had no additive effect on LBM changes when
combined with RT. This is likely due to the increase in LBM following acute CrM supple-
mentation. For long-term CrM supplementation to augment RT, a maintenance dose of
greater than 5 g/day may be necessary. Future research should determine the ideal length
of a wash-in phase and include measures of hydration status to determine whether any
changes to LBM following the wash-in are linked to changes in body water content.

Supplementary Materials: The following supporting information can be downloaded at: https:
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