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Body 
composition

Fat mass

• Muscle
• Bones
• Organs
• Water (TBW, ICW, ECW)

Fat-free mass



Body 
recomposition

• The adaptive phenomenon in 
which muscle mass (FFM) is 
gained and fat mass is lost 
concomitantly 



What are the primary variables at play?

- Differences between Body Weight & Body Composition
- How is Body Composition being assessed? 
- Training Status of the Subject
- Nutritional Intake
- Sleep
- Hormonal Profile
- & much, much more that we don’t fully understand yet! 



The curious case of 
scale



What do we need to build 
muscle?

• Resistance training
• Mechanical tension
• Stimulates protein synthesis
• Protein turnover (protein synthesis > 

protein breakdown)

• You can build muscle in a caloric surplus 
or caloric deficit!



What do we 
need to do to 
lose fat?
• Fat loss is a bit more understood than 

muscle building

• We understand Thermodynamics law 
and overall concept of energy balance 
on weight gain and weight loss (CICO)

• We understand “3500 calories rule”

• Overall, caloric deficit plays a key role 
in fat loss, but…..



Let’s Dive Into the Literature 👨💻👨🔬🧬🔬



Data from 
our lab

Rauch et al., 2017



Data from our 
lab

Rauch et al. 2017



Why do you think that more people lost fat 
and gained muscle in the second study?

• Training status

• Controlling for nutrition 
intake



Other Research: Controlling for Nutrition Intake
& Examining its Impact on Body Composition Outcomes

Participants were split into 2
groups, low protein (LP 0.9 g/kg) and high protein 
(HP 2.5 g/kg), while undergoing an upper-lower RT 
split, 4X /week.

+2.1kg +0.6kg



Another 
important factor 
that can impact 
body composition



Sleep + Calorie 
Restriction

• All things were equal except the sleep restricted group slept 
90 minutes less than the other group, five nights per week. For 
the other 2 days of the week, they were allowed to sleep ad 
libitum. The other group slept normally the entire time.
• CR: ~ 200kcal

WANG et al. 2018
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Linked articles: This article is highlighted in a Journal Club article by Knowles. To read this article, visit
https://doi.org/10.1113/JP279790. It is also highlighted in a Journal Club article by Estafanos et al. To read
this article, visit https://doi.org/10.1113/JP279913.

Key points! Sleep restriction has previously been associated with the loss of muscle mass in both human
and animal models.! The rate of myofibrillar protein synthesis (MyoPS) is a key variable in regulating skeletal muscle
mass and can be increased by performing high-intensity interval exercise (HIIE), although the
effect of sleep restriction on MyoPS is unknown.! In the present study, we demonstrate that participants undergoing a sleep restriction protocol
(five nights, with 4 h in bed each night) had lower rates of skeletal muscle MyoPS; however,
rates of MyoPS were maintained at control levels by performing HIIE during this period.! Our data suggest that the lower rates of MyoPS in the sleep restriction group may contribute
to the detrimental effects of sleep loss on muscle mass and that HIIE may be used as an
intervention to counteract these effects.

Abstract The present study aimed to investigate the effect of sleep restriction, with or
without high-intensity interval exercise (HIIE), on the potential mechanisms underpinning
previously-reported sleep-loss-induced reductions to muscle mass. Twenty-four healthy, young
men underwent a protocol consisting of two nights of controlled baseline sleep and a five-night
intervention period. Participants were allocated into one of three parallel groups, matched for age,
V̇O2 peak , body mass index and habitual sleep duration; a normal sleep (NS) group [8 h time in bed

Nick J. Saner obtained his PhD in November 2019 from Victoria University, where he examined the relationship between sleep,
exercise and skeletal muscle by specifically asking the question: can exercise mitigate the negative metabolic effects associated
with sleep loss? He won a number of research awards, including Young Investigator Award for Exercise & Sport Science Australia
(ESSA), 2018. He is currently Clinical Research Coordinator at the Baker Heart and Diabetes Institute in Melbourne, Australia.
Long term, he hopes to continue this line of research; specifically, understanding the role exercise can play in maintaining skeletal
muscle function in the context of sleep loss.

C! 2020 The Authors. The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society. DOI: 10.1113/JP278828

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution
and reproduction in any medium, provided the original work is properly cited.
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between the SR and SR+EX groups during the inter-
vention period (!5 ± 3 min, 95% CI = !23 to 12 min,
P = 0.72).

MyoPS

There was a significant difference between groups for
MyoPS throughout the intervention period (P < 0.001).
Compared to the NS group, the myofibrillar protein
FSR was significantly lower [mean ± SD between-group
difference FSR (% day–1), 95% CI, P value] in the SR
group; –0.29 ± 0.08 FSR % day–1, 95% CI [!0.50, !0.09
FSR % day–1], P = 0.004) (Fig. 2). Furthermore, MyoPS
was significantly lower in the SR group compared to
the SR+EX group (!0.37 ± 0.09 FSR % day–1, 95%
CI = !0.58 to !0.17 FSR % day–1, P < 0.001). There
was no difference in MyoPS between the NS and SR+EX
groups (0.08 ± 0.06 FSR % day–1, 95% CI = !0.29 to 0.12
FSR % day–1, P = 0.95).

Protein synthesis and protein degradation related
mRNA gene expression

There was no significant interaction effect for mRNA gene
expression of Foxo1 (P = 0.69), Foxo3 (P = 0.74), Myo-
statin (P = 0.19), Mafbx (P = 0.24), Mighty (P = 0.81)
or p62/SQSTM1 (P = 0.09) compared to pre-intervention
values. Despite there being a significant interaction effect
for Murf1 mRNA gene expression (P = 0.026), post hoc
analyses revealed no difference between groups from pre
to post-intervention (NS: 61 ± 81%, 95% CI = !114 to
!9%, P = 0.25), (SR: !26 ± 33%, 95% CI = !23 to 75%,
P = 0.27), (SR+EX: !29 ± 35%, 95% CI = !20 to 28%,
P = 0.20) (Fig. 3).

Figure 2. FSR of myofibrillar proteins throughout the sleep
intervention
NS, SR and SR+EX groups. Bars are the mean ± SD. "Significant
difference from both NS and SR+EX conditions; one-way ANOVA
(P < 0.05).

Protein synthesis and protein degradation related
protein content

There were no changes in p-AKTser473/AKT (total)
(P = 0.15), p-mTORser2448/mTOR (Total) (P = 0.15),
p70S6K (P = 0.28), Caspase 3 (P = 0.19), p-4EBP1thr37/46

(P = 0.67), p-TSC2thr1462/TSC2 (Total) (P = 0.29),
LC3BII:I ratio (P = 0.88) or NF!B (P = 0.72) protein
content from pre- to post-intervention (Fig. 4).

Discussion

We observed a significantly lower rate of MyoPS following
5 nights of SR, whereas there was no difference in
rates of MyoPS between the SR+HIIE and NS group.
There were, however, no changes in molecular markers
that are commonly used to indicate activation of the
protein synthesis and degradation pathways. These results
provide novel insights into mechanisms underlying the
previously described decreases in muscle mass that have
been attributed to inadequate sleep, and suggest HIIE
as a potential therapeutic intervention to mitigate these
changes.

Sleep restriction, exercise and MyoPS

Rates of protein synthesis are considered the primary
driving mechanism for changes in muscle mass (atrophy
and hypertrophy) (Rennie, 1985; Gibson et al. 1987;
de Boer et al. 2007). Previous reports have shown
reductions in muscle mass when obtaining insufficient
sleep (Nedeltcheva et al. 2010; Dattilo et al. 2012; de
Sa Souza et al. 2016); however, the present study is the
first to demonstrate a lower rate of MyoPS in a SR group
following 4 h TIB for five consecutive nights. This period
of time was probably too short to detect any meaningful
reductions in muscle mass or muscle fibre cross-sectional
area (CSA). However, persistent reductions in MyoPS are
associated with the loss of muscle mass, as have been
reported with a variety of muscle disuse conditions (i.e.
step reduction, limb immobilization and bed rest) (de
Boer et al. 2007; Breen et al. 2013). As such, the lower
rate of MyoPS reported here aligns with observations
of decreases in muscle fibre CSA, reported previously in
rodents (following 96 h of sleep deprivation) (Dattilo et al.
2012; Monico-Neto et al. 2015a; de Sa Souza et al. 2016)
and increased loss of muscle mass with sleep restriction
in humans (Nedeltcheva et al. 2010). Nonetheless, further
research is needed to determine the long-term effects of
sleep restriction on both MyoPS and the maintenance
of muscle mass as there may be implications for those
populations at risk of regularly experiencing inadequate
or reduced sleep (e.g. elderly populations, shift-workers)
or those interested in the maintenance of rates of MyoPS
(e.g. athletes) (Akerstedt & Wright, 2009; Chien et al.
2015; Fullagar et al. 2016). Previous interventions where

C# 2020 The Authors. The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.

• Normal sleep (NS): 8 h time in bed

• Sleep restriction (SR): 4h TIB

• Sleep restriction and exercise group (SR+EX) 



Roadmap for body recomposition



1-The rate of weight 
loss should be slow

• Track body composition and body weight, 
but the rate of weight loss should be slow:
• 0.7-1% of current body weight per 

week
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Effect of Two Different Weight-Loss Rates 
on Body Composition and Strength 

and Power-Related Performance in Elite Athletes

Ina Garthe, Truls Raastad, Per Egil Refsnes, Anu Koivisto, and Jorunn Sundgot-Borgen

When weight loss (WL) is necessary, athletes are advised to accomplish it gradually, at a rate of 0.5–1 kg/
wk. However, it is possible that losing 0.5 kg/wk is better than 1 kg/wk in terms of preserving lean body mass 
(LBM) and performance. The aim of this study was to compare changes in body composition, strength, and 
power during a weekly body-weight (BW) loss of 0.7% slow reduction (SR) vs. 1.4% fast reduction (FR). 
We hypothesized that the faster WL regimen would result in more detrimental effects on both LBM and 
strength-related performance. Twenty-four athletes were randomized to SR (n = 13, 24 ± 3 yr, 71.9 ± 12.7 kg) 
or FR (n = 11, 22 ± 5 yr, 74.8 ± 11.7 kg). They followed energy-restricted diets promoting the predetermined 
weekly WL. All athletes included 4 resistance-training sessions/wk in their usual training regimen. The mean 
times spent in intervention for SR and FR were 8.5 ± 2.2 and 5.3 ± 0.9 wk, respectively (p < .001). BW, body 
composition (DEXA), 1-repetition-maximum (1RM) tests, 40-m sprint, and countermovement jump were 
measured before and after intervention. Energy intake was reduced by 19% ± 2% and 30% ± 4% in SR and 
FR, respectively (p = .003). BW and fat mass decreased in both SR and FR by 5.6% ± 0.8% and 5.5% ± 0.7% 
(0.7% ± 0.8% vs. 1.0% ± 0.4%/wk) and 31% ± 3% and 21 ± 4%, respectively. LBM increased in SR by 2.1% 
± 0.4% (p < .001), whereas it was unchanged in FR (–0.2% ± 0.7%), with signi!cant differences between 
groups (p < .01). In conclusion, data from this study suggest that athletes who want to gain LBM and increase 
1RM strength during a WL period combined with strength training should aim for a weekly BW loss of 0.7%.

Keywords: energy restriction, strength training, hypertrophy

Weight loss in athletes is generally motivated by a 
desire to optimize performance by improving power-
to-weight ratio, making weight to compete in a certain 
weight category, or for aesthetic reasons in leanness 
sports. Because of the negative effects of rapid weight 
loss and long periods of restricted energy intake (Hall & 
Lane, 2001; Koral & Dosseville, 2009; Umeda, Nakaji, 
Shimoyama,Yamamoto, & Sugawara, 2004), existing 
literature recommends a gradual weight loss through 
moderate energy restriction, promoting a weekly weight 
loss of 0.5–1 kg (Fogelholm, 1994; Rankin, 2002). To 
induce a weight loss of 0.5–1 kg/wk, an energy de!cit 
corresponding to 500–1,000 kcal/day is needed. This can 
be achieved by reduced energy intake, increased energy 
expenditure, or a combination of the two.

However, a decrease in body mass resulting from 
energy restriction can lead to loss of lean body mass 
(LBM; Koral & Dosseville, 2009; Koutedakis et al., 
1994) and thereby impair performance (Degoutte et al., 

Garthe, Raastad, and Sundgot-Borgen are with the Norwegian 
School of Sport Sciences, Oslo, Norway. Garthe, Refsnes, 
and Koivisto are with the Norwegian Olympic Sports Centre, 
Oslo, Norway.

2006; Koral & Dosseville, 2009). Strength training in 
combination with mild energy restriction can preserve 
LBM during weight-loss periods in overweight seden-
tary subjects (Kraemer et al., 1999). Therefore, to make 
weight-loss interventions as effective as possible, we 
combined energy restriction with strength training to 
alleviate the expected negative consequences on LBM 
and performance.

Finally, when the weight-loss goal is !xed, most 
athletes choose to use the shortest amount of time to reach 
the goal to avoid extended periods of fatigue. There are 
probably different implications of reducing daily energy 
intake by 500 or 1,000 kcal, and a reduction of 1,000 kcal 
can compromise recovery and impair training adaptations 
in athletes, especially in those with an already low energy 
intake (American College of Sports Medicine [ACSM], 
2009; Nattiv et al., 2007).

Consequently, the aim of this study was to compare 
two practical approaches to the recommended weight-
loss regimen in the literature. We compared weekly BW 
losses of 0.7% and 1.4% (i.e., twice the relative weight), 
which corresponds to weekly weight losses of 0.5 and 
1 kg, respectively, in a 70-kg athlete. We hypothesized 
that the faster weight-loss regimen would result in more 
detrimental effects on both LBM and strength- and power-
related performance.

To compare changes in body composition and 
performance during a weekly body-weight loss of 0.7% 
(slow group) or 1% (fast group)

Slow group Fast group

Time 8.5 weeks 5.5weeks

Fat mass lost 11 pounds 7pounds

Fat-free mass 
gained

2 pounds -0.66 pounds



When we reduce calories intake, we do not reduce protein!!!

2-Do not decrease protein when dieting



• To compare the influence of high-protein with normal protein diet on 
lean body mass loss during short-term weight loss in athletes 
• A reduction in caloric intake of 40% for a two-week period in two groups:
• High protein group: 2.3 g/kg body mass
• Normal protein group: 1.0 g/kg body mass
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Increased Protein Intake Reduces Lean Body
Mass Loss during Weight Loss in Athletes

SAMUEL METTLER1,2, NIGEL MITCHELL3, and KEVIN D. TIPTON1

1School of Sport and Exercise Sciences, University of Birmingham, Birmingham, UNITED KINGDOM;
2Department of Agricultural and Food Sciences, ETH Zurich, Zurich, SWITZERLAND; and 3English Institute of Sport,
Sheffield, UNITED KINGDOM

ABSTRACT

METTLER, S., N. MITCHELL, and K. D. TIPTON. Increased Protein Intake Reduces Lean Body Mass Loss during Weight Loss in

Athletes. Med. Sci. Sports Exerc., Vol. 42, No. 2, pp. 326–337, 2010. Purpose: To examine the influence of dietary protein on lean

body mass loss and performance during short-term hypoenergetic weight loss in athletes. Methods: In a parallel design, 20 young

healthy resistance-trained athletes were examined for energy expenditure for 1 wk and fed a mixed diet (15% protein, 100% energy) in

the second week followed by a hypoenergetic diet (60% of the habitual energy intake), containing either 15% (È1.0 gIkgj1) protein

(control group, n = 10; CP) or 35% (È2.3 gIkgj1) protein (high-protein group, n = 10; HP) for 2 wk. Subjects continued their habitual

training throughout the study. Total, lean body, and fat mass, performance (squat jump, maximal isometric leg extension, one-repetition

maximum (1RM) bench press, muscle endurance bench press, and 30-s Wingate test) and fasting blood samples (glucose, nonesterified

fatty acids (NEFA), glycerol, urea, cortisol, free testosterone, free Insulin-like growth factor–1 (IGF-1), and growth hormone), and

psychologic measures were examined at the end of each of the 4 wk. Results: Total (j3.0 T 0.4 and j1.5 T 0.3 kg for the CP and HP,

respectively, P = 0.036) and lean body mass loss (j1.6 T 0.3 and j0.3 T 0.3 kg, P = 0.006) were significantly larger in the CP

compared with those in the HP. Fat loss, performance, and most blood parameters were not influenced by the diet. Urea was higher in

HP, and NEFA and urea showed a group ! time interaction. Fatigue ratings and ‘‘worse than normal’’ scores on the Daily Analysis of

Life Demands for Athletes were higher in HP. Conclusions: These results indicate that È2.3 gIkgj1 or È35% protein was significantly

superior to È1.0 gIkgj1 or È15% energy protein for maintenance of lean body mass in young healthy athletes during short-term

hypoenergetic weight loss. Key Words: NUTRITION, EXERCISE, BODY COMPOSITION, PERFORMANCE

Making weight is a significant issue in sports
nutrition. Many athletes restrict energy intake to
achieve a certain body mass category, aesthetic

reasons or to attain a better force-to-mass ratio to improve
performance. However, a hypoenergetic diet may result in a
significant loss of lean body mass (18), perhaps leading to
compromised performance (9).

Recently, data have accumulated suggesting that in-
creased protein content of the diet, particularly in combina-
tion with exercise training, may increase weight loss and
reduce the loss of lean body mass in overweight and obese
subjects (18,19,21,24,28). This preservation of lean mass
has been attributed to the increased essential amino acid
levels, particularly leucine, provided by the protein (17).

Leucine stimulates the initiation of translation and increases
protein synthesis (1), which may help to reduce the net loss
of muscle protein.

Whereas there is ample evidence for amelioration of
lean body mass loss during hypoenergetic weight loss in
overweight and obese populations consuming high-protein
diets (18,19,21,24,28), there is little information available
on athletic populations. Clearly, the metabolic and training
status of athletic individuals differs from that of obese and
overweight, particularly sedentary, individuals. Athletes are
usually healthy and unlikely to experience metabolic
diseases, or preliminary states of diseases, which are often
apparent in inactive, obese subjects. Thus, the metabolic
situation is different and may impact the response to high-
protein hypoenergetic diets. Furthermore, initiation of a
training program may influence the response to these diets,
which may not be similar for already well-trained athletes.
Nevertheless, in the only study to date to address this issue,
Walberg et al. (40) showed that negative N balance was
substantially ameliorated with a high-protein diet compared
with a normal protein diet in a hypoenergetic situation in
weight lifters. These data do support the notion that in-
creased protein intake might ameliorate net protein balance
and reduce lean body mass loss in athletes during hypo-
energetic weight loss. However, one recent study found no

Address for correspondence: Kevin D. Tipton, Ph.D., School of Sport and
Exercise Sciences, University of Birmingham, Birmingham B15 2TT,
United Kingdom; E-mail: K.D.Tipton@Bham.ac.uk.
Submitted for publication August 2008.
Accepted for publication June 2009.
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The tests were video recorded for reliable evaluation.
The tests were continuously supervised to ensure that the
subject achieved the full range of motion, and immediate

feedback was given when the range of motion was not
complete.

The 30-s Wingate test was performed on an electronically
braked ergometer (Excalibur Sport; Lode) (25) using the
official Wingate software (Wingate version 1.0.13; Lode) to
record power output and determine peak power and mean
power. A warm-up of 4 min of easy cycling was first
performed, including two 5-s full-acceleration sprints at
2 and 3 min of the warm-up. After a 3-min recovery, the
subjects started pedaling at 60 W (as a minimal resistance
is more convenient than real zero load). As soon as a
cadence of 60 revolutions per minute was stabilized, the
start command was given (31), and the subject accelerated
maximally at a torque factor of 0.7 (25) and continued to
keep cadence as high as possible to the end of the 30-s test.
Strong verbal encouragement was given throughout.

Blood analysis. Blood was centrifuged for 10 min
immediately after collection at 4-C at 1800g (Centra-CL3R;
Thermo IEC, Waltham, MA), transferred into polypropyl-
ene tubes, and frozen at j80-C until analysis. Glucose,
nonesterified fatty acids (NEFA), glycerol, and urea were
analyzed by COBAS MIRA semiautomatic analyzer (La
Roche, Basel, Switzerland). Free testosterone (IBL Hamburg,
Hamburg, Germany), cortisol (IBL Hamburg), growth

FIGURE 2—Change of body mass, fat, and lean mass from baseline
(average of the two measurements before the weight loss) to the end
of the 2-wk weight loss for the control (n = 10) and the high-protein
(n = 10) groups. Values are mean T SE. *Significant difference between
the two groups (P = 0.036). **Significant difference between the two
groups (P = 0.006).

FIGURE 3—Performance data for the control (n = 10) and the high-protein (n = 10) groups during the study. Neither was there a statistically
significant difference between the groups nor was there any significant group ! time effect. Squat jump height (A), jump peak force (B), 1RM chest
press (C), maximal voluntary contraction (MVC) knee extension (D), muscle endurance test chest press (E), and mean power (lower pair of lines) and
peak power (upper pair of lines) of the 30-s Wingate test (F). Values are mean T SE. r and s, Different letters indicate significant difference (P G 0.05)
between time points (effect of time).
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3-Resistance train 
during diet!

• If you are not lifting weights 
during the dieting/weight loss 
program, the following is more 
likely to take place:

• Large percentage of body 
mass loss will come from 
lean mass stores, rather 
than fat stores



Concurrent 
training 

enhances fat 
loss



Take-home message

• Implement a progressive RT regimen with 
a minimum of 3 sessions per week.
• You can also implement  2 sessions a 

week of high-intensity, low volume 
cardio
• Concurrent training

• During energy restriction, protein intake 
should not go lower than 1.6g/kg body 
mass

• Do not lose weight so fast
• Prioritizing sleep quality and quantity



Thank you!!!

• dr.desouzaeo

• @DrDeSouzaEO

• uoftampa_huplab


