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ABSTRACT

Introduction Reducing fat mass (FM) while retaining fat
free mass (FFM) is a common goal of athletes. Evidence
suggests that some—but not all—forms of intermittent
energy restriction (IER) may be superior to the conventional
method of continuous energy restriction (CER) for people
with excess body fat that are sedentary, by reducing some
of the adaptive responses to ER. However, it is yet to be
established whether this dietary approach is effective for
athletes.

Methods and analysis A single-blind, parallel group,
randomised controlled trial with a 1:1 allocation ratio is
proposed. Sixty healthy athletes aged >18 years will be
recruited from local sporting facilities and randomised

to an intervention of either moderate CER (mCER) or
moderate IER (mIER). Both interventions will consist

of 12 weeks of moderate ER, plus 3 weeks in energy
balance (EB). The mCER intervention will entail 12 weeks
of continuous moderate ER, followed by 3 weeks in EB.
The mIER intervention will entail 12 weeks of moderate
ER, administered as 4x3 week blocks of moderate ER,
interspersed with 3x1 week blocks of EB. The co-primary
outcomes are changes in FM and FFM after 12 weeks of
moderate ER. Secondary outcomes will be changes in FM
and FFM at 15 weeks after intervention commencement,
as well as muscle performance, physical activity, sleep
quality, changes in resting energy expenditure, subjective
drive to eat, circulating concentrations of appetite-
regulating hormones, mood states and diet acceptability.
Trial registration ACTRN12618000638235p.

INTRODUCTION

Athletes, although not typically obese or over
fat, may benefit from reducing body weight
to be competitive in a target weight-class (eg,
combat sports, weight lifting) , weight-sensitive

sports (eg, endurance events, ski jumping)
or aesthetically judged sports (eg, gymnas-
tics,  bodybuilding).  Within  athletic
populations, the most common nutritional
strategy implemented to achieve desired
body composition is continuous energy
restriction (CER)."? Specifically, CER involves
reducing energy intake every day relative to
weight maintenance energy requirements.’
Thus, CER is sometimes referred to as ‘daily
energy (or caloric) restriction’. Despite
being commonly used, CER is accompanied
by a number of metabolic and endocrine
responses that collectively tend to resist
ongoing loss of weight and fat mass (FM),
threaten retention of fat free mass (FFM) and
predispose the individual to regain weight
and FM on termination of CER, notably by
increasing the drive to eat and by reducing
energy expenditure.*™ Of athlete concern,
combining CER with high training loads may
negatively impact performance and induce
losses of FFM, which includes lean tissues
such as muscle."

Given the shortcomings associated with
CER, alternative effective forms of weight or
FM reduction are of great interest. Intermit-
tent energy restriction (IER) is one nutritional
strategy that contrasts to the conventional
approach of CER by alternating periods of ER
with periods of greater energy intake (often
referred to as ‘refeed’ periods) within the
weight loss phase. IER protocols described in
the literature differ considerably, with signif-
icant variation in the level of energy intake
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prescribed during periods of ER and refeeding, as well
as the duration of these periods.'' During refeed periods,
there may or may not be restrictions placed on energy
intake.

While continuous and intermittent approaches to
ER have both been shown to be effective facilitators
of weight loss in adults with a Body Mass Index (BMI)
in the overweight or obese range,”'* ' a long-standing
question is whether or not IER yields benefits over CER.
A systematic review of robust clinical studies suggested
that IER in adults of normal weight or overweight likely
provides equivalent cardiometabolic benefits to CER,
as indicated by reduced risk factors for cardiometa-
bolic disease.'* Three other reviews have provided
evidence for comparable reductions in insulin resistance,
fasting circulating concentrations of insulin and similar
improvements in glucose homeostasis between IER and
CER.>'" ' With respect to the effect of these dietary inter-
ventions on weight and body composition, recent clinical
trials'” '* and several reviews® "' '* > 1919 indicate that
IER and CER are equally effective for achieving weight
and FM loss in adults with overweight or obesity. One
review suggested that IER may result in greater retention
of FFM than CER in adults with overweight or obesity.”
However, more recently, other systematic reviews' '°
and a randomised controlled trial® concluded that IER
and CER were comparable with respect to loss of FFM in
similar populations. It is worth noting that the majority
of studies mentioned above pertain to a specific form of
IER known as ‘intermittent fasting’. While intermittent
fasting has been used to describe a number of different
dietary interventions—including time-restricted feeding
approaches—in the context of IER, intermittent fasting
has been defined as severe restriction of energy intake
on at least one but no greater than 7 days, followed by
a period of increased energy intake, where restrictions
may or may not be placed on the quantity of foods and
beverages consumed.'” '®

While most data to date consistently show no significant
difference between intermittent fasting forms of IER and
CER, IER protocols that implemented longer periods of
ER and refeeds have shown mixed results, some of which
are promising. These longer-form IER protocols involve
=7 consecutive days of ER, alternated with periods of no
prescribed ER or a lesser degree of prescribed ER. In one
study in women with overweight or obesity, 1 week of ER
(a prescribed deficit of 5500 kJ/day relative to energy
requirements) alternated with 1 week where each partic-
ipant followed their usual diet was compared with CER
(5500 kJ prescribed ER per day) for 8 weeks.'” Weight
loss at 8 weeks was not significantly different between
groups (mean+SD 2.0£1.9 kg for IER vs 3.2+2.1 kg for
CER); however, it is noteworthy that the IER resulted in
similar weight loss to CER with less time in ER (4 weeks
vs 8 weeks). These findings suggest that this form of IER
results in greater weight loss efficiency (weight lost per
unit of ER) when compared with CER. A recent system-
atic review and meta-analysis evaluated five randomised

controlled trials of longer-form IER interventions in
comparison with CER for the treatment of overweight
and obesity in adults."”” That report demonstrated that
while both long-form IER and CER resulted in significant
weight loss, there was no significant difference between
interventions in weight loss either at the end of the inter-
ventions (weighted mean difference —1.36 (95% CI -3.23
to 0.51) kg, p=0.15) or at follow-up, which ranged from
14 weeks to 12 months following completion of the inter-
ventions (weighted mean difference -0.82 (-3.76 to 2.11)
kg, p=0.58)."

Recently, however, two new randomised controlled
trials—not included in the above systematic review and
meta-analysis—found that some long-form IER protocols
can result in greater FM loss with equivalent retention of
FFM when compared with CER and can also attenuate
the adaptive response to ER, at least with respect to the
reduction of resting energy expenditure (REE). In one of
the trials, a 6-week diet involving CER (prescribed energy
intake of 45% of routine energy intake) was compared
with a 6-week diet involving IER that cycled 11 days of
ER (prescribed energy intake of 55% of routine energy
intake) with 3 days of ad libitum feeding in 74 women
with obesity.”’ There was significantly greater weight loss
at 4 weeks after completion of the diet in women in the
IER than in the CER group (mean+SEM was 5.8+1.2 vs
3.4%+1.4% of initial body weight, respectively). More-
over, REE was maintained at significantly higher levels in
the IER than in the CER group at 6 weeks (p<0.05). The
benefit of adopting a longer-form IER protocol over CER
is further supported by a randomised controlled trial
comparing 16 weeks of CER (prescribed energy intake
of 67% of weight maintenance energy requirements)
with 16 weeks of ER applied intermittently as 8x2 week
blocks of ER (prescribed energy intake of 67% of weight
maintenance energy requirements) alternating with 7x2
week blocks of energy balance (EB; where energy intake
is matched to energy requirements for weight mainte-
nance) in 51 men with obesity.®' Significantly greater
losses of weight and FM as well as lesser compensatory
reductions in REE were observed in the IER compared
with the CER group (weight loss mean+SD 14.1+5.6 vs
9.1+2.9 kg; FM loss mean+SD 12.3+4.8 vs 8.0+4.2 kg;
change in REE mean+SD -360+500 vs -750+500 k] /day).
Furthermore, FFM loss was similar in both groups despite
greater FM loss in the IER group. On the basis of the
findings of these two trials, we hypothesise that longer-
form IER may result in better body composition change
for athletes than CER.

Interestingly, while IER has not been investigated
in randomised controlled trials in individuals with a
healthy body composition and active, such as athletes,
there is evidence of athletes already adopting this dietary
strategy.'’ **** However, athletes typically use a form of
IER that is different from that which is normally used
in clinical trials, namely intermittent fasting.'” This is
because severe ER—such as the severe ER used in inter-
mittent fasting protocols—has been associated with
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adverse health and performance outcomes in adult
athletes, including reductions in muscle strength, reflexes
and glycogen stores, and increased risk of injury due to
fatigue.'” 7 Severe ER has also been shown to induce
greater FFM losses than moderate ER, at least in lean
individuals.®® As such, athletes typically favour dietary
interventions involving moderate ER,* which can argu-
ably be defined as a prescribed energy intake of no less
than 65% of weight maintenance energy requirements.*
In a recent series of in-depth interviews, bodybuilders
commonly reported the implementation of refeed days
during pre-contest weight loss interventions, achieved
primarily through elevating carbohydrate consump-
tion.** Positive effects of this practice were also described,
including enhanced training performance and mental
recovery (which participants attributed to perceived
increases in muscle glycogen storage), and a perceived
prevention of further adaptive downgrades in energy
expenditure. However, it is unknown how participants
were able to subjectively perceive increases in muscle
glycogen storage or prevention of adaptive downgrades
in energy expenditure. Some participants also reported
better fat loss and muscle retention when employing
refeed periods during pre-contest weight loss interven-
tions, compared with interventions without refeeds.

Due to the absence of research in the realm of IER
applicable to athletes, there is a lack of consensus among
coaches and nutritionists on how to successfully employ
IER in the field, with many IER protocols for athletes
based on anecdotal evidence alone. The development
of evidence-based dietary recommendations for athletes
is important, as the use of untested dietary strategies
may be ineffective and may lead athletes to depend on
more rapid weight loss techniques close to competition
that could compromise performance and aesthetics.' *°
We thus aim to provide an evidence-based IER protocol
for athletes by investigating IER in a cohort of resis-
tance-trained athletes, using a macronutrient profile
thought to maximise retention of FFM and performance
during ER.

The purpose of this paper is to detail the protocol
(ACTRN12618000638235p) for a randomised controlled
trial that compares CER involving moderate ER (mCER)
with IER involving moderate ER (mIER) on FM loss and
FFM retention in adult athletes. Our primary hypothesis
is that compared with mCER, mIER will result in greater
FM loss, with equivalent or greater retention of FFM, in
adult athletes at the end of 12 weeks of ER. Secondary
hypotheses are that athletes undergoing mIER will have
greater retention of muscle performance, physical activity
and REE, less drive to eat, better mood and will find the
diet more acceptable than mCER.

METHODS AND ANALYSIS

Participants

Sixty athletes (see sample size calculations below) aged
=18 years who have participated in regular resistance
exercise for the previous 6 months or more will be

recruited for this randomised controlled trial. Online
and hard copy advertisements will be displayed across
social media websites, and at local sports facilities,
respectively. Publicity about the trial will also be solic-
ited via press releases to local television, radio and print
media. Interested prospective participants will be invited
to contact the lead investigator (JJP) via e-mail, and in
response they will be emailed a soft copy of a document
outlining the Information for Participants, as well as an
invitation to complete an online screening questionnaire
to determine eligibility. Prospective participants will not
be informed of the selection criteria for the trial prior
to this step in order to help prevent them from tailoring
their responses to the online screening questionnaire. All
prospective participants who pass the online screening
will be invited to the University of Western Australia Exer-
cise Physiology Laboratory for a face-toface screening
appointment. At this appointment, they will be invited
to sign an informed consent form and will be assessed
against all inclusion and exclusion criteria listed below.
Prospective participants who meet these selection criteria
will have their baseline body composition assessed
(described below), and—for women of reproductive
age—a urinary pregnancy test will precede body compo-
sition assessment.

Inclusion and exclusion criteria

» Aged =18 years.

» Completed =2 resistance exercise sessions per week
for the previous 6 months or more.

» Not currently on any weight loss programme.

» Willing to comply with a dietary weight loss interven-
tion for ~5 months, involving weight loss for ~3-4
months and weight stability for ~1-2 months.

» Willing to comply with trial procedures for the dura-
tion of the trial, such as self-monitoring energy intake
for ~5 months and attending our research facility for
measurement of outcomes.

» The participant expects that their personal training
regimen and dietary supplementation will be
consistent during the ~5 months of the dietary weight
loss intervention.

» Have access to a smart phone with internet and email
access.

» Live within the Perth metropolitan region and be
able to transport by car to and from the University of
Western Australia.

» Have a set of body weight scales (with adequate preci-
sion and accuracy) at home.

» No tobacco use.

» No use of growth hormone or glucocorticoid or
anabolic steroid products within the previous 6
months.

» Not pregnant or desiring to become pregnant during
the trial.

» Predicted postintervention body fat percentage >5%
for men or >12% for women.

Peos JJ, et al. BMJ Open Sport Exerc Med 2018;4:000423. doi:10.1136/bmjsem-2018-000423 3



The minimum amount of resistance exercise required
for inclusion was selected in line with a previous publi-
cation that investigated weight loss in athletes.”’ This
criterion is important, as accumulated data suggest that
resistance exercise may increase weight loss and reduce
the loss of FFM during ER in adolescents and adults with
overweight or obesity,” ™ and is more effective than
aerobic exercise for retention of FFM and REE during
ER.Y Furthermore, resistance exercise with a concomi-
tant high protein intake during ER has been shown to
prevent the expected reductions in FFM in elite male and
female athletes, and in amateur female athletes.”® *® We
are recruiting only participants with a consistent training
schedule for the next ~5 months because shifting phases
of training during the dietary intervention, such as
moving from ‘transition’ to ‘competition’ phases, can
result in drastic changes in daily physical activity energy
expenditure and therefore energy requirements for
weight maintenance. In such a situation, it would be diffi-
cult to determine whether body weight changes were due
to the intervention or due to changes in training energy
expenditure.

Following body composition assessment at the face-
toface screening appointment (described below),
prospective participants with a calculated, predicted
postintervention body fat percentage below the above
thresholds will be excluded from the trial as a precau-
tionary measure. Extreme low levels of body fat, such as
<5% for men or <12% for women, are known to nega-
tively impact health status.” * This exclusion criterion
has been applied in athlete weight loss trials elsewhere.*

Sample size

Sample size for this trial was calculated based on our
co-primary outcomes of changes in FM and FFM because
loss of FM and retention of FFM during weight loss are
equally important to athletes. Given that athletes often
go to great lengths for a 1%—2% improvement in perfor-
mance, we predict thata 1 kg difference in FM loss (~1.5%
of body weight) between dietary interventions would be
considered practically significant for this population.
Using the variance in FM loss observed among healthy
male athletes 18 to 40 years old participating in regular
resistance exercise and following a high-protein hypoen-
ergetic diet (SD=0.9 kg),”" we calculate that 42 people
(21 per group) would be required to detect (two-tailed)
a 1 kg difference in FM loss between diet groups with a
statistical power of 0.9 (a=0.025). Additionally, a non-in-
feriority test for changes in FFM will be performed to
determine if mIER is equivalent or superior to mCER in
this respect. We selected a non-inferiority limit of 0.75
kg in FFM, as we predict that less than 0.75 kg greater
retention of FFM in the mIER group compared with the
mCER group would not be considered by athletes to be
practically significant. Using previously-reported variance
of FFM loss in the population described above (SD=0.8
kg),” we calculated that in order to show that there is
no true difference in FFM change between diet groups,

48 people (24 per group) would be required to be 90%
certain that the lower boundary of the one-sided 97.5%
CI will be above the limit of -0.75 kg. Allowing for ~20%
dropout during the intervention, we plan to recruit 60
participants.

Randomisation

Randomisation will be performed after completion of
the face-to-face screening so that prospective partici-
pants meet all selection criteria. A computer-generated
randomisation process will be used to assign participants,
with a 1:1 allocation ratio, to either the mCER or mIER
intervention (see interventions described below). To
minimise confounding variance, participants will be strat-
ified by sex and sport, using permuted blocks of random
sizes. The block sizes will not be disclosed to investiga-
tors administering the intervention to ensure allocation
concealment. To avoid bias, randomisation will be under-
taken by an investigator who has not had contact with
participants before randomisation and who is not
involved in implementation of the dietary interventions.

Blinding/masking

Participants will not be informed of group assignment,
but perfect blinding (also known as masking) is not
feasible and discussion about the different diets is highly
possible, particularly among participants in the same
sporting team. With this considered, the two interven-
tions will be referred to as the ‘1.2 diet’ (mCER) and
the ‘1.6 diet’ (mIER), averting the possibility that partic-
ipants will perceive one diet as being superior to the
other. This strategy will also help to reduce the risk of
athletes reviewing the body of literature surrounding
CER versus IER. Participants will be informed that the
primary purpose of the trial is to ascertain whether two
different weight loss diets, shown previously to be equally
effective in overweight populations, cause different body
composition and performance outcomes in athletes. Due
to the nature of the intervention, investigators involved
with administrating the dietary intervention cannot be
blinded to allocation.

Pre-energy restriction phase

The full trial timeline (detailed in figure 1) shows the
three phases of the trial: pre-energy restriction (pre-ER),
energy restriction (ER) and post-energy restriction (post-
ER).

The pre-ER phase consists of training participants how
to use a diet log over 1 week as described below, followed
by a 4-week period of weight maintenance during which
they will amend their energy intake so as to comply with
the dietary prescription described in table 1. A 4-week
weight maintenance phase was applied successfully
in a previously published randomised controlled trial
comparing IER with CER.*' Participant compliance with
our dietary prescriptions will be assessed, with the partic-
ipants who cannot comply with these prescriptions being
excluded from the study and replaced.
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Figure 1 Trial design. (A) Fat mass (FM), fat free mass (FFM) and body weight measured at 0, 12 and 15 weeks in continuous
moderate energy restriction (NCER), and at 0 and 15 weeks in intermittent moderate energy restriction (mIER), and at 6 months
after 12 weeks of moderate ER in both groups. (B) Muscle performance (strength and endurance), resting energy expenditure,
subjective drive to eat, and plasma leptin, peptide YY and ghrelin levels measured in the fasting state at 0, 12 and 15 weeks in
mCER and at 0, 15 and 16 weeks in mIER. (C) Mood states, diet acceptability, physical activity and sleep quality (by self-report
questionnaires and three-dimensional wrist accelerometers) measured at 0, 6 and 12 weeks in mCER and at 0, 7 and 15 weeks
in mIER.

Diet log training and macronutrient tracking mobile application, MyFit-
Once accepted into the trial and randomised, partic- nessPal (Under Armour, Baltimore, Maryland, USA).
ipants will be trained to use a popular kilojoule (Kk]) This application was previously validated for assessing
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Table 1 Summary of weight loss targets and dietary prescription

Weight loss target or diet component Pre-energy restriction phase

Refeed periods (during
energy restriction phase)

Energy restriction periods (during
energy restriction phase)

Weekly weight loss (% of body 0%
weight at week 0)
Protein (g per kg of absolute body 2.3
weight at week 0)

Fat (% of total energy, or g)
absolute body weight at
week 0)

Carbohydrate (% of total energy) Remaining

20% (Minimum 0.5 g/kg of

0.7% 0%
2.3 2.3

20% (Minimum 0.5 g/er kg of
absolute body weight at week 0)

Same absolute weight
as in energy restriction
periods

Remaining Remaining

dietary intakes compared with weighed food records*'

and was shown to be effective for the implementation of
dietary advice among people who are ready to self-mon-
itor energy intake."* " Participants will then record their
usual food and drink intake with MyFitnessPal for 7 days
as a means of ensuring proficiency in use of the appli-
cation and to allow potential hurdles to be addressed
with the investigator (JJP) before beginning the 4-week
period of weight maintenance. While 3-day to 4-day
food monitoring periods are usually recommended for
individuals in the general population,™ extending the
length of the food diary from 3 to 7 days was shown
to significantly improve energy and macronutrient
intake estimates in a population of athletes.”” Given
that athletes are typically highly motivated and have
experience with recording other components of their
training programme, many researchers and clinicians
prefer to implement 7-day food diaries for athletes," as
it is reasonable to expect a high degree of compliance
and quality of recorded food data. To develop useful
habits for later in the study, participants will be asked
to record their body weight at home on a flat and hard
surface, in a fasted state after emptying their bladder,
every morning of the diet log (see outcome measures
below). Participants’ scales will have been checked
for precision and accuracy in our research facility
during the face-to-face screening appointment prior to
commencement of the diet log.

Weight maintenance

After the l-week diet log, all participants will be
instructed to follow a diet that provides ~100% of weight
maintenance energy requirements for 4 weeks (dietary
composition detailed in table 1). Weight maintenance
energyrequirements will be estimated for each participant
using a sequential series of prediction equations that take
into consideration age, sex, body size and physical activity
level, as described previously.*” Participants will be asked
to continue recording their body weight every morning
at home, as well as their daily food and beverage intake
(for estimation of energy and macronutrient intake).
As per previously published methodology,? if weight is
gained or lost consecutively for 3 days, participants will
be instructed to contact the lead researcher (JJP) in

which case they will be provided with an amended diet
prescription to maintain weight stability. The purpose of
this 4-week period is to help ensure that all participants
are weight stable on commencement of ER and to allow
accurate determination of each athlete’s energy require-
ments for weight maintenance.

Energy restriction phase

After the 5-week pre-ER phase (comprising 1 week for
the diet log training and the 4-week weight mainte-
nance period), both groups will undertake 12 weeks of
moderate ER. ER will be delivered as either' mCER (12
weeks of continuous moderate ER) or> mIER (12 weeks
of moderate ER), administered as 4x3 week blocks of
moderate ER interspersed with 3x1 week blocks of EB
(15 weeks total), as shown in figure 1. The 3-week blocks
of ER to be used in the mIER intervention were chosen
based on previous findings,” which demonstrated
consistent weight loss for 3 weeks in non-athlete men
of healthy weight undergoing ER. As mentioned in the
Introduction section, an IER intervention that cycled
2 weeks of moderate ER with 2 weeks of EB was supe-
rior to CER involving moderate ER in men with obesity,
in terms of weight and FM loss after 12 (and also 16)
weeks of ER.*' However, a caveat of that particular IER
model for athletes is the considerably greater absolute
time required for the intervention (30 weeks for IER vs
16 weeks for CER) despite both interventions involving
equal time in ER. Typically, athletes will reduce weight
for competition over 8-16 weeks,® implying that the
aforementioned IER protocol®’ may seem unattractive
to athletes by significantly extending the duration of the
weight loss phase. An IER intervention that uses periods
of EB that are less frequent and of shorter duration
than the previously published IER intervention®' (hence
reducing the time required for the intervention) would
likely increase the appeal of IER to the athletic commu-
nity. While a shorter intervention duration is important
to athletes, it is however also important that periods of EB
implemented during IER are not too short as available
research suggests that reversal of some of the adaptive
responses to ER may require 7 to 14 days in EB, at least in
adults with a BMI in the overweight or obese range.*’*’
Consequently, we have chosen to employ 1-week periods
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of EB during our mIER protocol, administered after
every 3 weeks of moderate ER.

Based on published recommendations for athletes,25
participants exposed to moderate ER in both groups
will have a moderate weekly weight loss target of 0.7%
of their pre-ER body weight. For example, a participant
weighing 80 kg will lose approximately 6.7 kg of body
weight (approximately 0.56 kg per week) after 12 weeks
of moderate ER. As ER-induced reductions in REE are
expected,” the participants who achieve a weekly weight
loss of <0.5% of their pre-ER body weight will have the
daily energy intake of their prescribed diet reduced by
5% to help keep participants at approximately the same
rate of weight loss throughout the study, which is in
keeping with a method commonly used by athletes to
amend energy intake during weight loss interventions.
Of note, weekly weight loss will be calculated via week-to-
week changes in average daily body weight over 7 days, to
account for daily body weight fluctuations.”’

In line with previously published methodology,” energy
intake for each participant during the ER phase will be
calculated under the assumption that the oxidation of
1 g of mixed tissue liberates ~29 k] of energy. Thus, for
example, a participant weighing 80 kg will need to reduce
weekly energy intake by ~16 240 K] (560 gx29 k]/g) below
weight maintenance energy requirements to achieve his
or her weekly weight loss target of 0.56 kg (0.7% of body
weight). Participants in both groups will be instructed to
split the weekly energy deficit evenly across the week. In
the above example, this would correspond to an ~2320 k]
(16 240 kJ+7 days) energy deficit every day. During each
period of EB, prescribed energy intake will be based on
weight maintenance energy requirements determined
in the pre-ER phase (during the 4-week weight mainte-
nance period) as described above, and adjusted to take
into account any changes in body mass.

Weekly review

In each week of the pre-ER and ER phases, participants
will submit their past seven daily body weight measure-
ments into an online form for review by an investigator
(JJP). Participants will also submit online copies of
their training diary and MyFitnessPal food diary for
the week. Following weekly submissions, participants
will receive email feedback by an investigator (JJP)
including personalised help and encouragement, in
keeping with a method commonly used by coaches
administering weight-loss interventions remotely.’*
Depending on weekly progress, the diet prescription
may be adjusted as described above.

Post-energy restriction phase

After a 6-month free-living period at the end of ER (the
post-ER phase), during which time there will not be
any scheduled dietary support from the research team,
athletes will come back to the laboratory for a follow-up
assessment as outlined in figure 1.

Dietary composition

In addition to an individualised Kkilojoule intake
prescription, each participant will be provided with
targets for daily dietary protein, carbohydrate and fat
intake. Prior to commencement of each week of the
pre-ER and ER phases, participants will be provided with
all dietary targets via email for input to MyFitnessPal on
their personal mobile devices. They will be instructed
to weigh what they consume using a food scale to help
ensure accurate portion sizes, and will be encouraged
to record allfood and drink intake (including any devi-
ations from targets) in MyFitnessPal for the duration of
the pre-ER and ER phases (~5 months). For occasions
where tracking is likely to be inaccurate or not possible
(eg, birthday dinner events, anniversaries), participants
will be encouraged to continue to report their intake
by estimating portion sizes and meal macronutrient
content to their best ability using the MyFitnessPal food
and beverage database. Meal frequency, meal timing
and foods/drinks consumed to meet these energy and
macronutrient targets will be at the discretion of each
participant. However, participants will be provided with
a number of low-energy-dense meal and snack ideas to
assist with compliance. In addition, all athletes will be
provided with a list of common foods or beverages that
are rich in protein, carbohydrate or fat, with accom-
panying nutritional information. This list may be of
particular benefit to athletes with limited nutritional
knowledge, by providing a number of common food
and beverage options that the athlete might choose to
consume to help meet daily macronutrient targets.

Previous literature recommends a dietary protein
intake of 1.2-2.2 g/kg of absolute body mass for athletes
with an energy intake at or above EB to facilitate favour-
able adaptations from training.‘r’g_55 However, a recent
systematic review”’ suggests that a protein intake
ranging from 2.3 to 3.1 g/kg of FFM (which equates to
approximately 2.0-2.6 g/kg of absolute body mass for
an 80 kg athlete with 15% body fat) may be more appro-
priate for retention of FFM in athletes undergoing ER
with concurrent resistance exercise. In another review,
it was suggested that 1.8-2.7 g/kg of absolute body
mass was optimal for athletes training under hypoca-
loric conditions.’ In line with these recommendations,
and previously published methodology,”" athletes will
be instructed to consume 2.3 g of protein per kilo-
gram of absolute body mass daily in order to minimise
FFM losses during ER. Protein targets are expressed in
terms of absolute body weight as opposed to FFM, to
allow results from the trial to be used more widely by
athletes (eg, including those without access to accurate
measurement of FFM).

In terms of dietary fat intake, dietary recommen-
dations for athletes typically maintain an adequate
but lower end intake, while emphasising carbohy-
drate intake to fuel performance.go Thus, in keeping
with previous recommendations,” and as previously
published,” 20% of energy intake will be allocated
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to dietary fat in both groups unless this equates to an
intake below 0.5 g of dietary fat per kilogram of abso-
lute body mass, in which case 0.5 g/kg of body mass
will be prescribed. The implementation of a dietary
fat minimum is to avoid very low intake of dietary
fat in participants with lower energy expenditures,
which could present safety and palatability concerns.
Remaining energy intake will be allocated to carbohy-
drate to support training demands.

During the pre-ER phase (the weight maintenance
period), participants will also be instructed to consume
2.3 g of protein per kilogram of absolute body mass and
to allocate 20% of energy intake to dietary fat, with the
remainder being assigned to carbohydrate. During time
in EB during the ER phase (refeeds), athletes will be
instructed to adjust MyFitnessPal macronutrient targets
so as to consume the same amount of protein and fat
(in grams) as prescribed during ER, with the increase
in energy intake being totally derived from increased
carbohydrate intake. Our rationale for this strategy
is that—although yet to be confirmed—it seems wise
for an athlete to place emphasis on increasing intake
of carbohydrate during refeed periods, as opposed
to increasing protein or fat. This is because elevated
levels of leptin following carbohydrate feeding have
been shown to stimulate REE and to suppress the drive
to eat,”®* which would be expected to lead to greater
efficiency of weight and FM loss, and easier diet adher-
ence. Greater carbohydrate availability during refeed
periods may also result in more pronounced anabolic
responses when mIER is applied in concert with resis-
tance exercise through the insulin-mediated activation
of anabolic signalling pathways, potentially reducing
FFM losses during ER.% %!

Training and supplementation

Participants will be instructed to continue their sport-spe-
cific and resistance training schedule without significant
deviation from the pre-ER phase, recording all training
activity in a training diary, including the type of training,
intensity and duration. Furthermore, participants will be
instructed to remain as consistent as possible throughout
the trial with respect to any dietary supplementation they
may be taking, recording any changes. This is important
because some supplements—such as creatine—can
induce changes in total body water and body mass.”

OVERVIEW OF OUTCOME MEASURES
The outcomes for the trial and the time points for
measurement are shown in figure 1.

Co-primary outcomes

» Change in...
- FM (kg) and
- FFM (in kg)
... from 0 weeks to after 12 weeks of moderate ER
(which corresponds to 12 weeks in mCER and 15
weeks in mIER).

Secondary outcomes

» Change in body weight (kg) from 0 weeks to after
12 weeks of moderate ER (which corresponds to 12
weeks in mCER and 15 weeks in mIER).

» Change in...

- FM (kg),

- FFM (kg) and

- Body weight (kg)

... from 0 weeks to 15 weeks and

... from 0 weeks to 24 weeks after completing 12

weeks of moderate ER.

» Change in...

- Muscle performance (strength and endurance as
determined by isokinetic dynamometry),

- REE,

- subjective drive to eat (by self-report question-
naire), and

- Plasma levels of appetite-regulating hormones
(leptin, peptide YY and ghrelin)

... from 0 weeks to after 12 weeks of moderate ER

(which corresponds to 12 weeks in mCER and 15

weeks in mIER),

... from 0 to 15 weeks and

... from 0 weeks to 16 weeks in mIER only. The

rationale for including this time point (after 4x3 week

blocks of moderate ER and 4x1 week blocks of EB) is
to allow within-group comparison of these outcomes
during energy restriction and during energy balance.

We hypothesise that ER-induced changes in these

outcomes may be recovered or partially recovered

once EB is restored.
» Change in...

- Mood states (by self-report questionnaire),

- Diet acceptability (by self-report questionnaire),

- Physical activity (by self-report questionnaire and
three-dimensional wrist accelerometer analysis)
and

- Sleep quality (by self-report questionnaire and
three-dimensional wrist accelerometer analysis)

... from 0 weeks to after 6 weeks of moderate ER

(which corresponds to 6 weeks in mCER and 7 weeks

in mIER) and

... from 0 weeks to after 12 weeks of moderate ER

(which corresponds to 12 weeks in mCER and 15

weeks in mIER).

Measurement in the middle of the energy restriction

phase—in addition to the end—will be important to

show whether changes in these outcome measures
increase in line with time spent in ER.

DETAILED METHODOLOGY OF OUTCOME MEASURES

Body composition and body weight

FM and FFM will be determined via a whole-body dual-en-
ergy X-ray absorptiometry (DXA) scan, performed using
a Lunar iDXA machine (GE Healthcare, Chicago, Illi-
nois, USA) by qualified investigators. During the scan,
participants will lay supine on the scanning table with
their arms at their sides. Scans will be conducted in
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accordance with the procedure outlined in the manufac-
turer’s manual and analysed using the enCORE Software
Platform (V.17; GE Healthcare). The DXA machine will
be serviced annually, subject to regular quality assurance
testing, and calibrated on each day of use. Body weight
for data analysis will be measured in the laboratory
using a calibrated scale. FM, FFM and body weight will
be measured at the timepoints denoted by the letter A
in figure 1. Body weight will also be measured at home,
every morning during the pre-ER and ER phases of the
trial. Athome body weight measurement will be used
for implementation of the dietary intervention and will
not be used as an outcome for data analysis. Participants
will be instructed to weigh themselves on waking without
clothing, before eating or drinking, and with an empty
bladder.

Muscle performance

A critical concern for athletes undergoing weight loss
interventions is to minimise any possible performance
decrements. Participants in this study cohort will likely
come from a range of sporting disciplines, with each
sport having different key performance outcome
measures. Therefore, as a somewhat shared performance
feature across a range of sports, we will monitor changes
in muscle performance (strength and endurance), as
shown by the letter B in figure 1. This will be determined
by supervised strength and endurance tests using isoki-
netic dynamometry (Biodex Medical Systems, Shirley,
New York, USA), the gold standard of muscle strength
assessment.”

A recent meta-analysis of seven interventions that
used isokinetic dynamometry to measure knee extensor
strength in 108 participants with overweight or obesity
observed a significant 7.5% decrease from baseline
values following moderate ER-induced weight loss,*
highlighting the potential performance implications of
even moderate ER for athletes. Isokinetic dynamometry
thus provides a viable, sensitive measure for strength
assessment during moderate ER, at least in people with
overweight and obesity. Following a standardised warm-
up,” isokinetic flexion/extension strength at the elbow
and knee will be assessed via peak torque during three
maximum-effort repetitions at a speed of 60 degrees/s.*®

Muscle endurance will be assessed via the total work and
work performed during the last third of a maximume-effort
25-repetition set, at a speed of 240 degrees/s.”” To allow
for recovery, muscle endurance tests will be performed 5
min following muscle strength tests.

For muscle performance tests, participants will be
instructed to come to the laboratory by car, and to refrain
from all exercise, food and fluids (other than water),
caffeine, alcohol or other drugs (excluding regular
medications) for the previous 12 hours. The tests will be
conducted before 12:00, to avoid excessively long periods
without energy intake. Additionally, muscle performance
testing will be scheduled as the last outcome measure-
ment for the morning to avoid potential interference

effects with other outcome measures, in particular
measurement of REE.

Resting energy expenditure

For REE assessments, also denoted by the letter B in
figure 1, participants will be provided with the same
instructions for the preceding 12 hours as described
above. They will be asked to adopt a supine position in
a darkened and quiet room, breathing through a respi-
ratory valve with a nose clip in place for a continuous
30 min resting period. REE will be calculated by expired
gas analysis during the latter stage of this period using
a metabolic cart system (Ametek, Berwyn, Pennsylvania,
USA).

Subjective drive to eat and plasma levels of appetite-
regulating hormones

Also at the time points denoted by the letter B in
figure 1, and still in the fasted state, athletes will have
their subjective drive to eat evaluated using a self-report
questionnaire based on previously published recommen-
dations on how to measure appetite.”® * Participants will
be asked to answer questions concerning their current
drive to eat and their overall drive to eat during the past
week. Then blood will be collected from participants into
EDTA-containing tubes for subsequent measurement of
fasted plasma levels of the appetite-regulating hormones
leptin, peptide YY and ghrelin. Blood sampling will be
scheduled after completion of the questionnaire to help
reduce potential stress responses from blood collection
that could affect the drive to eat. Leptin is a satiety signal
known also for its stimulatory effect on metabolism.”
Leptin is released predominantly by adipocytes and is
regulated by long-term energy availability.”! We are inter-
ested in leptin levels, as pharmacological administration
of leptin has been demonstrated to reverse a number
of adaptive responses to ER, notably reductions in REE,
increased skeletal muscle work efficiency and reduced
circulating levels of thyroid hormones.” Furthermore,
there is evidence that leptin release is temporarily
elevated following short-term overfeeding, being partic-
ularly sensitive to increased carbohydrate intake.” 7 It
is feasible that periods of EB during mIER—particularly
when carbohydrate intake is elevated—may trigger leptin
release, contributing to normalisation of REE* and
decreased drive to eat, increasing efficiency of fat loss
and enabling easier diet adherence. Peptide YY (PYY) is
another satiety signal. It is released from the gastrointes-
tinal tract in response to episodes of feeding, signalling
shorter-term satiety.” In contrast to the appetite-su-
pressing effects of leptin and PYY, ghrelin stimulates an
increase in hunger. It is released from the gastrointes-
tinal tract during periods of fasting.”* Measurement of
these appetite-regulating hormones provides a more
objective insight into any potential differences between
interventions in the biological drive to eat and compli-
ments findings on measures of subjective drive to eat.
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Mood states

ER may cause worse mood, heightened irritability,
increased fatigue and difficulties concentrating in some
people.” Therefore, mood states will be evaluated via
completion of the Profile of Mood States (POMS-24),
which has been applied successfully in athlete popu-
lations.”™ Completion of the POMS-24 is relevant to
non-clinical populations, by detecting potential improve-
ments in mood within the normal range.77 Responses
will be analysed to obtain scores for each of the six mood
states (anger, confusion, depression, fatigue, tension and
vigour), and Total Mood Disturbance will also be deter-
mined. Measurements will be completed as denoted by
the letter C in figure 1, which involves measurement at
the start, middle and end of the ER phase.

Diet acceptability

Also evaluated as denoted by the letter C in figure 1 will
be diet acceptability. To this end, we will evaluate athlete
perception of their assigned intervention via completion
of a custom-made Process Evaluation Questionnaire.
As another indicator of diet acceptability, we will also
compare dropout rates and compliance with requested
behaviours (eg, completion of MyFitnessPal diaries)
between groups.

Physical activity and sleep

Previous research has demonstrated reduced physical
activity in humans undergoing ER."**! To detect poten-
tial behavioural compensatory responses during the
ER phase and to explore possible differences between
interventions, physical activity will be monitored using
three-dimensional wrist accelerometers (Actigraph,
Pensacola, Florida, USA) to generate estimates for
average daily physical activity at intervals across the trial,
as denoted by the letter C in figure 1. During collection
periods, accelerometers will be worn for 24 hours per day
for seven consecutive days. Seven-day monitoring periods
have been routinely used in studies monitoring physical
activity as they provide a sufficient number of days to
achieve intraclass correlations of more than 80% in most
populations, while also providing the ability to sample
behaviour on both weekdays and weekend days.** Addi-
tionally, participants will complete daily training diaries
to detect potential changes in training load across the
trial.

Sleep patterns were shown to be significantly altered
by ER, by increasing sleep-onset latency and decreasing
slow-wave sleep in women with a BMI in the overweight
range.* Sleep curtailment may compromise the efficacy
of a dietary intervention using moderate ER by decreasing
the fraction of weight lost as FM and increasing the loss
of FFM, as illustrated in adults with overweight.** Further-
more, in a narrative review, it was suggested that reduced
sleep might disrupt appetite hormone regulation.*” In
athletes—as reviewed previously—exercise performance
seems to be negatively affected during periods of sleep
deprivation, specifically endurance efforts and repeated

exercise bouts.*® Additionally, it has been suggested that
sleeploss could potentially impact physiological responses
to exercise and hinder muscular recovery.*® Therefore,
accelerometer data will also be analysed for a quantitative
assessment of sleep, evaluated via average total sleep time
duration and activity levels during sleep, as published
previously.* ™ Sleep will also be monitored qualitatively
by completion of the Pittsburgh Sleep Quality Index,”
the most frequently cited index for evaluating sleep
quality and quantity, and the Epworth Sleepiness Scale.”!
Participants will be instructed to collect accelerometers
from our research facility 1 week prior to the time points
designated by the letter C on figure 1, returning them
1 week later for analysis after completing a 7-day moni-
toring period.

DATA STORAGE, VALIDATION AND ANALYSES

All data in this trial will be collected electronically. Statis-
tical analyses will be performed using two data sets:
the intention-to-treat set, with all participants included
regardless of completion or protocol adherence; and
the per protocol set, with all participants that meet all trial
requirements up to and including week 12 of moderate
ER. All analyses will be performed using SPSS statis-
tical software (for Windows, 2015 edition; IBM, North
Castle, New York, USA). For any outcome measures
missing for participants who withdraw from the trial or
who miss assessments, modern imputation techniques
will be applied in intention-to-treat analyses. This will
be accomplished by the generation of repeated imputa-
tions using predictive models based on the majority of
participants with complete data. Data cleaning will take
place by a series of logical checks on all data. Discrepant
values will be crosschecked with the electronic source
data documents, and data amendments made if neces-
sary. All study-related hard-copy information (signed
consent forms) will be stored securely at the University of
Western Australia in locked filing cabinets in areas with
limited access. Electronic databases will be secured with
password-protected access systems.

ETHICS AND DISSEMINATION

This study has been approved by the Human Research
Ethics Committee at the University of Western Australia.
As mentioned above, written informed consent will be
obtained from each eligible participant prior to study
inclusion. Trial results will be submitted to a peerre-
viewed scientific journal for publication and released to
the media following publication. No data relating to indi-
viduals will be identified in these publications.

DEFINITION OF END OF TRIAL

End of trial is defined as after the 24-week follow-up,
where the last measurement is taken from the last partic-
ipant, and the last participant undergoing the trial has
been debriefed on their personalised key data. The time-
frame for the debriefing period is expected to be up to 4
weeks following the final laboratory visit.
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DISCUSSION

Athletes from diftferent sports may have many reasons for
wanting to reduce body weight or body fat, and there is
a need to evaluate novel dietary strategies that may allow
this population to better achieve desired body weight
or composition while not jeopardising health or perfor-
mance outcomes. While recent findings suggest that
some IER models—in comparison to CER—may reduce
compensatory responses to ER, in turn, improving
weight loss or fat loss (or efficiency thereof) in people
with obesity,” ?' it has yet to be determined whether
this strategy is effective for athletes. Hence, this dietary
approach merits further research attention to explore
whether the recruitment of athletes, implementation of
exercise and the optimisation of macronutrient intake
could influence results achieved with IER. Outcomes of
this trial will serve to extend our understanding of IER
strategies and also potentially broaden application of IER
to people who are healthy and active.
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