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A B S T R A C T

Despite the lack of standardized ter-
minology, building muscle and losing
fat concomitantly has been referred to
as body recomposition by practi-
tioners. Although many suggest that
this only occurs in untrained/novice
and overweight/obese populations,
there is a substantial amount of litera-
ture demonstrating this body recom-
position phenomenon in resistance-
trained individuals. Moreover, 2 key
factors influencing these adaptations
are progressive resistance training
coupled with evidence-based nutri-
tional strategies. This review examines
some of the current literature demon-
strating body recomposition in various
trained populations, the aforemen-
tioned key factors, nontraining/nutri-
tion variables (i.e., sleep, hormones),
and potential limitations due to body
composition assessments. In addition,
this review points out the areas where
more research is warranted.

INTRODUCTION

A
common goal among active

individuals is to improve their
body composition by increas-

ing skeletal muscle mass and decreas-
ing fat mass (FM). It is well understood
that these positive body composition
changes have a multitude of health
benefits (2,45,66) and have also been
shown to improve athletic perfor-
mance (12,60). Among physique com-
petitors (e.g., individuals who compete
in bodybuilding, figure, bikini, etc.),
increasing muscle and losing body fat
is also of critical importance to be suc-
cessful in their sport. Despite the lack
of standardized terminology, practi-
tioners have described this adaptive
phenomenon in which muscle mass
is gained and FM is lost concomitantly
as body recomposition.

It is generally thought that body
recomposition occurs mainly in both
the untrained/novice and over-
weight/obese populations. When
examining the literature, this dogma
seems logical because training age
and also the novelty of initiating a
resistance training (RT) program have

been shown to directly impact the rate
of muscle mass accrual (30,49,67).
Within RT programs, practitioners
can manipulate training variables
(e.g., intensity, volume, exercise selec-
tion, etc.) as a means to enhance the
muscle hypertrophic stimulus. More-
over, aerobic exercise is commonly im-
plemented within training regimens to
decrease FM (5). In addition, research
has shown that the combination of
both RTand aerobic exercise (i.e., con-
current training) can be an effective
approach to optimize body recompo-
sition (5,57). Thus, practitioners,
coaches, and trainers commonly rec-
ommend concurrent training for indi-
viduals aiming to gain muscle and lose
fat (24). Most importantly, despite the
zeitgeist that well-trained individuals
cannot gain muscle mass and lose fat
simultaneously, there have been many
chronic randomized controlled trials

Address correspondence to Dr. Eduardo O.
De Souza, edesouza@ut.edu.

KEY WORDS :

fat loss; fat-free mass; muscle
hypertrophy; aesthetics; bodybuilding;
body composition; physique

Copyright ! National Strength and Conditioning Association Strength and Conditioning Journal | www.nsca-scj.com 7



Bíceps Quadríceps

CONHECIMENTO DA FISIOLOGIA DO EXERCÍCIO



RECOMPOSIÇÃO CORPORAL – EFEITOS DO EXERCÍCIO FÍSICO

FIBRA TIPO II



RECOMPOSIÇÃO CORPORAL – EFEITOS DO EXERCÍCIO FÍSICO

latter coming from distal organs or from the interstitial cells that
surround myofibers, including muscle stem cells.

Before separately considering conditions of muscle growth and
muscle atrophy, it is useful to highlight some points.

First, skeletal muscles are heterogeneous with respect to fiber type
and metabolic properties and therefore they vary, often drastically, in
their response to the same stimulus. For instance, slow muscles, such
as the soleus, are less sensitive to starvation compared to fast mus-
cles2, while during disuse such as that induced by hind limb sus-
pension, the soleus atrophies faster than glycolytic (fast) muscles3.
Importantly, the atrophy program diverges within the fast muscles
during the same catabolic condition3. Therefore, each catabolic
condition differs from the others in terms of muscle susceptibility to
atrophy as well as induction of an atrophy program and within the
same catabolic situation, different muscles activate peculiar atrophy-
related programs3.

Second, despite the fact that most of the pathways regulating
muscle mass, such as Insulin/IGF1 or TGFβ/Activin/BMP, impinge
both on protein synthesis and degradation, changes in protein
turnover leading to muscle hypertrophy or atrophy do not always
proceed according to the simplistic view that muscle growth is
consequent to increased protein synthesis and decreased protein
degradation, while muscle atrophy results from decreased protein
synthesis and increased protein degradation. In fact, exercise does
promote the synthesis of new proteins but simultaneously activates
autophagy–lysosome and ubiquitin–proteasome-degradative sys-
tems4. Conversely, during protein breakdown, the amino acids
released by lysosome and proteasome directly stimulate mTOR5 and
therefore, protein synthesis might increase during muscle atrophy.

Signaling pathways that promote muscle growth
Insulin/IGF1-AKT-mTOR. Insulin and insulin-like growth factor
1 (IGF1) are potent anabolic factors that sustain organism and

muscle growth. These hormones bind to specific receptors (insulin
receptor and IGF1 receptor) that activate a cascade of phosphor-
ylation events that positively or negatively modulate proteins,
enzymes or transcription factors. This pathway regulates protein
synthesis, protein degradation, cellular proliferation, and survival as
well as glucose uptake and energy production (Fig. 1). While Insulin
is produced by the pancreas, IGF1 is synthesized predominately in
the liver under the action of growth hormone and acts as a systemic
growth factor. However, IGF1 is also produced by extrahepatic
tissues where it plays a predominantly autocrine/paracrine role.
Muscle-specific overexpression of a locally acting IGF1 isoform in
mice showed that localized IGF1 expression sustains muscle growth
and regeneration6. Among the different IGF1 isoforms, which differ
in the N‐terminal signal peptide (Class 1 or 2) and the C‐terminal
extension peptide (E‐peptide Ea or Eb), IGF-1Ea is the most
powerful in increasing muscle mass and force both in young and
aged mice7. Insulin and IGF1 are known to activate both the
mitogen-activated protein kinase/extracellular signal-regulated
kinase (RAS-MAPK-ERK) and the PI3K–AKT-mTOR pathways.
However, only a Ras mutant that selectively activates the
PI3K–AKT pathway was able to induce hypertrophy of transfected
fibers, whereas a Ras mutant acting specifically on the ERK pathway
did not8. Accordingly, constitutively active AKT results in striking
hypertrophy of transfected muscle fibers9, with a similar effect being
seen using inducible muscle-specific transgenic models10.

Insulin/IGF1 signaling impinges on a crucial hub for protein
synthesis and degradation that is the kinase mTOR. This kinase
integrates multiple stimuli coming not only from hormones but
also from cytokines, nutrients, ATP/AMP ratio, and signals to the
translation machinery via p70S6K1, which controls the ribosomal
protein S6, and factor 4E binding protein 1 (4EBP1), which
negatively regulates the ribosomal eukaryotic translation initiator
factor 4E5. Simultaneously, mTOR inhibits protein breakdown by
blocking autophagy via ULK1. The mTOR kinase interacts with
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Fig. 1 Insulin and IGF1 bind to specific receptors (IR, IGF1R) that activate a cascade of phosphorylation events resulting in enhancement of protein
synthesis and inhibition of protein breakdown. Upon receptor activation, IRS1 promotes phosphatidylinositol-3,4,5 triphosphates (PIP3,4,5) generation on
the plasma membrane by recruiting the kinase PI3K. Plakoglobin helps the PI3K association to IR. The lipid signal on the plasma membrane promotes AKT
recruitment and activation operated by PDK1 and mTORC2 complex. Then AKT positively or negatively modulates a plethora of targets including the
mTORC1 complex for protein synthesis, ACL for ATP production, and FoxO for protein degradation. mTORC1 complex is another hub that affects many
different biological processes, including autophagy. In fact, mTORC1 phosphorylates and inhibits ULK1. The pathway has several feedbacks that modulate
its activity. For instance, activation of mTORC1 blocks IRS1 via S6K1 and consequently, inhibits AKT. AMPK, whose activity is increased by energy stress, is
another important modulator of the pathway because blocks mTORC1 and activate FoxO and the autophagy system. Dotted lines depict pathways whose
molecular mechanisms and role in adult skeletal muscle have yet to be completely defined.

REVIEW ARTICLE NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-020-20123-1

2 NATURE COMMUNICATIONS | �������� �(2021)�12:330� | https://doi.org/10.1038/s41467-020-20123-1 | www.nature.com/naturecommunications

FIBRA TIPO II EFEITO DO TREINO

ADAPTAÇÕES 
MOLECULARES



D. Langin / Pharmacological Research 53 (2006) 482–491 483

2.4.3. Adrenomedullin signal transduction pathway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486
2.4.4. AMP-activated protein kinase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486

3. Triglyceride hydrolysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486
3.1. Lipases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486
3.2. Non-enzymic lipid interacting proteins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 487

4. Perspectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 487
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 488
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 488

1. Introduction

Obesity is now recognized as a major public health prob-
lem in industrialized as well as in developing countries. The
condition is characterized by an excess of fat mass that predis-
poses to the development of insulin resistance and the metabolic
syndrome. The metabolic deregulation ultimately may lead to
complications such as diabetes mellitus, coronary heart disease
and hypertension. Understandably, the huge increase in over-
weight and obese subjects has been matched by an increased
interest of the pharmaceutical industry. However, to date, the
number of drugs approved for the treatment of obesity is very
limited compared to other multifactorial diseases such as hyper-
tension.

The major physiological role for white adipose tissue (WAT)
fat stores is to supply lipid energy when it is needed by other
tissues. This is achieved by a highly regulated pathway whereby
the triglycerides stored in the adipocyte are hydrolyzed, and
fatty acids delivered to the plasma. Pharmacological targeting

Fig. 1. Control of human adipocyte lipolysis. Signal transduction pathways for catecholamines via adrenoceptor (AR), natriuretic peptides via type A receptor,
insulin and other antilipolytic agents (prostaglandins E2 via EP3 receptors, adenosine via A1 receptors, nicotinic acid via HM74A and NPY/PYY via Y1 receptors)
are described. Proteins phosphorylated by protein kinases (PKA, protein kinase A; PKB, protein kinase B; PKG, protein kinase G; AMPK, AMP-activated protein
kinase) are shown in blue. Hormone-sensitive lipase (HSL) phosphorylation may promote its translocation from the cytosol to the surface of the lipid droplet.
Perilipin phosphorylation may induce an important physical alteration of the droplet surface that facilitates the action of HSL and lipolysis. Docking of adipocyte
lipid binding protein (ALBP) to HSL favors the evacuation of fatty acids (FA) released by the hydrolysis of triglycerides. Question marks show pathways which are
still hypothetical or the relevance of which has not been fully demonstrated. AC, adenylyl cyclase; ATGL, adipocyte triglyceride lipase; GC, guanylyl cyclase; Gi,
inhibitory GTP-binding protein; Gs, stimulatory GTP-binding protein; IRS, insulin receptor substrate; FFA, free fatty acid; MGL, monoglyceride lipase; PDE-3B,
phosphodiesterase 3B; PI3-K, phosphatidylinositol-3-phosphate kinase.

of lipolysis can be envisaged in two opposite ways. A first strat-
egy would be to stimulate hydrolysis of triglycerides to diminish
the fat stores and combat obesity. This option may only be con-
sidered if it is associated with oxidation of the newly released
fatty acid. It led to the development of beta3-adrenergic ago-
nists (see Section 2.1). However, if one considers that excessive
lipolysis contributes to high circulating levels of fatty acids and
the development of the dyslipidemia seen in the metabolic syn-
drome, a blockade of fatty acid release may be of therapeutic
interest. Drugs acting at the receptor level such as nicotinic acid
(niacin) (see Section 2.4) and inhibitors of lipases (see Section
3.1) have been proposed.

2. Hormonal control of lipolysis

2.1. Catecholamines

Catecholamines are important regulators of fat cell lipolysis
in human WAT (Fig. 1). The neurotransmitter, noradrenaline,
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Abstract Behavioral sleep restriction is becoming endemic
in modern times. The evidence taken as a whole suggests
that insufficient sleep plays a role in the risk of obesity. At
present it appears very likely that insufficient sleep results in
increased food intake, while there is little support that it
results in reduced energy expenditure. New studies provide
evidence that insufficient sleep enhances hedonic stimulus
processing in the brain underlying the drive to consume
food and are consistent with the notion that reduced sleep
may lead to greater propensity to overeat. Recent studies
also suggest that short sleep duration preferentially increases
abdominal adiposity, possibly through a hyperactivation of
the hypothalamo-pituitary-adrenal axis. Individuals attempt-
ing to lose weight should also consider getting adequate
amounts of sleep in addition to limiting calorie intake and
increasing physical activity to improve the success of their
weight loss intervention. Finally, preliminary results by our
research group lend support to the effect that increasing
sleeping time in short-duration sleepers has the potential to
limit adiposity gain over time. A proof of principle study on
a randomized sample is currently under way to assess
whether sleep extension is feasible and whether it influences
body weight. In summary, the preponderance of the

evidence supports taking a pragmatic approach and encour-
aging a good night’s sleep as an adjunct to other health
promotion measures.

Keywords Short sleep duration . Sleep deprivation . Energy
balance . Body weight . Obesity . Adiposity . Appetite .

Feeding behavior . Physical activity . Exercise . Insufficient
sleep . Weight gain

Introduction

Despite recent data suggesting that the dramatic increases in
overweight and obesity seen over the past three decades
have begun to plateau, rates remain alarmingly high [1, 2].
Concurrent with these increases has been a reduction in
sleep duration [3, 4], raising the question of an association
or even that short sleep duration could be a possible cause of
obesity [5, 6•]. Factors responsible for this secular decline in
sleep duration are not well understood, but this deficit has
been ascribed to the modern way of living [7]. Interestingly,
declines in children’s sleep duration have occurred as a
result of progressive delays in children’s bedtimes, but un-
changed wake times [8–10]. Delays in children’s bedtimes
have been attributed to activities that keep children awake
and contexts that allow them to do so such as technology
use, schoolwork and part-time employment [11–13]. Simi-
larly, artificial light, caffeine use and parental attitudes have
been identified as contexts that allow children to have later
bedtimes [14–16].

The importance of having a good night’s sleep for body
weight stability and overall health is accumulating [17•]. A
mounting body of epidemiological evidence associates in-
sufficient sleep not only with obesity [18, 19], but also with
type 2 diabetes [20, 21], coronary heart disease [22, 23],
hypertension [24, 25], and premature death [26, 27]. It thus
becomes clearer for researchers that multiple plausible
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Abstract: This narrative review presents the findings from intervention studies on the effects of sleep
deprivation on eating habits, metabolic rate, and the hormones regulating metabolism, and discusses
their relevance to weight loss efforts. Disturbed sleeping patterns lead to increased energy intake,
partly from excessive snacking, mainly on foods high in fat and carbohydrates. The studies focused
mainly on the effects of sleep duration, but also of sleep quality, on dietary intake during weight loss
trials, and on weight loss maintenance. It is important to explore sleep routines that could enhance
the efforts of obese and overweight people to lose weight, maintain their weight loss, and improve
their overall health.

Keywords: sleep deprivation; weight gain; weight management; dietary intake; metabolism

1. Introduction

Sufficient sleep is essential for maintaining healthy physical, mental, and emotional
functioning [1]. Optimal sleep duration is determined by several intra- and inter-individual
characteristics. A duration of 7–9 h of sleep a night is considered appropriate to support
good health in adults of 18–60 years of age [2,3], with an optimal average of 7.5 h [4,5].
Increasing professional and social demands, the advent of artificial lighting at the turn of
the last century, and, more recently, the widespread use of computers and other electronic
media [6] have reduced the average duration of sleep from 9 h a night in 1910 to 7.5 h 1975,
and less than 7 h today [4]. Sleep deprivation due to “social jet lag” is increasing [7], and it
is estimated that one quarter of adults and a larger percentage of children and adolescents
are deprived of sleep, as sleeping 5–6 h a night during the week has become increasingly
common [4].

Sleep deprivation or sleep loss is multifactorial, and has a variety of consequences [8].
The National Health and Nutrition Examination Survey (NHANES) showed significantly
higher rates of obesity in adults who reported an average of less than 7 h a night of sleep [9].
Sleep loss has a negative impact on the process of thinking and on the learning, memory,
and recall capacity, and thus on the ability to work efficiently and socialize freely, and
results in a general feeling of being “disconnected” from the world [10]. Sleep deprivation
is associated with an increased risk of obesity, a poor lipid–lipoprotein profile, type 2
diabetes mellitus (DM), hypertension and other cardiovascular diseases (CVD) [11], and
even premature death [12]. Disturbance of the sleep pattern is often associated with
long-term unhealthy “Western” dietary habits [12].

A chronic pattern of sleep duration of 6 h a night has been associated with a higher
body mass index (BMI) [13,14]. Epidemiological and laboratory studies have consistently
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Abstract: Sleep is a vital process essential for survival. The trend of reduction in the time dedicated to
sleep has increased in industrialized countries, together with the dramatic increase in the prevalence
of obesity and diabetes. Short sleep may increase the risk of obesity, diabetes and cardiovascular
disease, and on the other hand, obesity is associated with sleep disorders, such as obstructive apnea
disease, insomnia and excessive daytime sleepiness. Sleep and metabolic disorders are linked;
therefore, identifying the physiological and molecular pathways involved in sleep regulation and
metabolic homeostasis can play a major role in ameliorating the metabolic health of the individual.
Approaches aimed at reducing body weight could provide benefits for both cardiometabolic risk
and sleep quality, which indirectly, in turn, may determine an amelioration of the cardiometabolic
phenotype of individuals. We revised the literature on weight loss and sleep, focusing on the
mechanisms and the molecules that may subtend this relationship in humans as in animal models.

Keywords: weight loss; obesity; sleep; metabolism; bariatric surgery; OSAS

1. Introduction
Increased prevalence of overweight and obesity is a worldwide health concern with a

major negative impact on morbidity, mortality and health-related quality of life [1]. Obesity
is associated with many metabolic disturbances, such as diabetes, non-alcoholic fatty liver
disease and dyslipidemia, which often coexist [2] and configure a higher cardiovascular
risk. The majority of studies on the causes and treatments of obesity are focused on caloric
ingestion and energy expenditure. More recently, the role of sleep in metabolic regulation
has been increasingly recognized, as well as the impact of insufficient and disrupted sleep on
the development of metabolic syndrome [3,4]. Impaired sleep, in association with changes
in lifestyle and socioeconomic environment, is increasingly common in modern society,
and one in five adults may be currently affected by sleep problems [5]. A reduced sleep
duration, quality sleep and rapid-eye-movement sleep affect substrate oxidation, leptin
and ghrelin concentrations, sleeping metabolic rate, appetite, food reward, hypothalamic–
pituitary–adrenal (HPA) axis activity, and gut-peptide concentrations, enhancing a positive
energy balance [6]. Altogether, such changes increase appetite, reduce energy expenditure
and alter fat metabolism in a manner that increases adiposity. In these ways, sleep loss
contributes to weight gain and obesity [7].

On the other hand, obesity causes physical, emotional and environmental conditions
that interfere with sleep quality and duration, setting in motion a vicious cycle whereby
sleep loss generates obesity and obesity generates sleep loss [8] (see Figure 1). Other
factors that have been suggested to play a role in the development of excessive daytime

Nutrients 2023, 15, 3431. https://doi.org/10.3390/nu15153431 https://www.mdpi.com/journal/nutrients

SONO EMAGRECEDOR



Citation: Pereira-Monteiro, M.R.;

Aragão-Santos, J.C.; Vasconcelos,

A.B.S.; de Resende-Neto, A.G.; de

Almeida, A.F.S.; Gobbo, L.A.;

Hermosilla-Perona, F.; Heredia-Elvar,

J.R.; Del Vecchio, F.B.; Aidar, F.J.; et al.

Functional and Combined Training

Promote Body Recomposition and

Lower Limb Strength in

Postmenopausal Women: A

Randomized Clinical Trial and a Time

Course Analysis. Healthcare 2024, 12,

932. https://doi.org/10.3390/

healthcare12090932

Academic Editor:

Ines Aguinaga-Ontoso

Received: 3 April 2024

Revised: 24 April 2024

Accepted: 28 April 2024

Published: 1 May 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

healthcare

Article

Functional and Combined Training Promote Body

Recomposition and Lower Limb Strength in Postmenopausal

Women: A Randomized Clinical Trial and a Time

Course Analysis

Marcos Raphael Pereira-Monteiro
1,

* , José Carlos Aragão-Santos
2

, Alan Bruno Silva Vasconcelos
1

,

Antônio Gomes de Resende-Neto
3
, André Filipe Santos de Almeida

2
, Luis Alberto Gobbo

4
,

Francisco Hermosilla-Perona
5,6

, Juan Ramón Heredia-Elvar
6

, Fabricio Boscolo Del Vecchio
7
, Felipe J. Aidar

1,8

and Marzo Edir Da Silva-Grigoletto
1,2,8

1 Graduate Program in Physiological Sciences, Federal University of Sergipe,
São Cristóvão 49100-000, Sergipe, Brazil; abs.vasconcelos@gmail.com (A.B.S.V.);
fjaidar@academico.ufs.br (F.J.A.); medg@ufs.br (M.E.D.S.-G.)

2 Graduate Program in Health Sciences, Federal University of Sergipe, Aracaju 49060-676, Sergipe, Brazil;
prof.josecarlosaragao@gmail.com (J.C.A.-S.); afilipe@academico.ufs.br (A.F.S.d.A.)

3 Department of Physical Education, Estácio de Sergipe University Center, Aracaju 49020-530, Sergipe, Brazil;
neto.resende-edf@hotmail.com

4 Department of Physical Education, São Paulo State University, Presidente Prudente 19060-900, São Paulo,
Brazil; luis.gobbo@unesp.br

5 Facultad de Ciencias de la Vida y la Naturaleza, Universidad Nebrija, 28015 Madrid, Spain; fperoher@uax.es
6 Department of Physical Activity and Sports Science, Alfonso X El Sabio University, 28691 Madrid, Spain;

jelvaher@uax.es
7 School of Physical Education, Federal University of Pelotas, Pelotas 96055-630, Rio Grande do Sul, Brazil;

fabricioboscolo@ufpel.edu.br
8 Graduate Program in Physical Education, Federal University of Sergipe,

São Cristóvão 49100-000, Sergipe, Brazil
* Correspondence: raphaelmonteiro.fisio@gmail.com; Tel.: +55-79-3194-6600

Abstract: Encouraging healthy aging in postmenopausal women involves advocating for lifestyle
modifications, including regular physical exercise like combined training (CT) and functional training
(FT). Regarding this population, age-related alterations in body composition, such as decreased
muscle mass and heightened adipose tissue, impact health. The aim of this study was to analyze the
effects of FT and CT on body recomposition in postmenopausal women. About the methods, we
randomly allocated 96 post-menopausal women to the FT, CT, or control group (CG). We measured
body composition by bioimpedance and lower limb muscle strength by sit-to-stand test in five
repetitions, respectively. The training protocol lasted 16 weeks, and we measured body composition
and lower limb muscle strength every 4 weeks, totaling five assessments. Regarding results, we notice
that both training groups increased lean mass from the 8th week of training. In addition, a reduction
was observed in total fat percentage and an increase in appendicular lean mass from the 12th week of
intervention. No differences were found for body mass. Furthermore, only the experimental groups
increase muscle strength, starting from the 4th week of training. The conclusion was that FT and CT
promote similar adaptations in body recomposition without affecting body mass in postmenopausal
women.

Keywords: aging; body composition; exercise; health

1. Introduction

Among the physical capacities that are affected by aging, declines in strength and
cardiorespiratory capacity have a direct negative impact on health and functionality, and are

Healthcare 2024, 12, 932. https://doi.org/10.3390/healthcare12090932 https://www.mdpi.com/journal/healthcare
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scenario, understanding the timing and simultaneity of adaptations in body composition
promoted by CT and FT in older women can guide the practice of movement professionals
and the application of these protocols in public health policies. Therefore, the objective of
this study was to analyze and compare the effects of FT and CT on the body recomposition
of postmenopausal women. Our hypothesis is that 16 weeks of both training methods could
increase lean mass and decrease fat mass in postmenopausal women in a simultaneous
way, in addition to promoting strength and functionality in a similar way.

2. Materials and Methods

2.1. Experimental Design
This study is a randomized controlled clinical trial, registered in the Clinical Trials

Registry at clinicaltrials.gov (RBR-2d56bt) and approved by the Ethics Committee of the
Federal University of Sergipe (protocol code 3.225.938; approval date: 27 March 2019).
It was applied with one protocol of FT and another of CT (independent variables) and
evaluated the body composition and lower limb muscle strength every 4 weeks (dependent
variables) in postmenopausal women. The intervention featured 2 weeks of participant
familiarization with the intervention protocols and another 16 weeks committed to the
training protocols. The participants were submitted to five moments of evaluation. Evalua-
tions of body composition and lower limb muscle strength were performed in all moments
(W0, W4, W8, W12, and W16) and conducted in the physiology laboratory of the Federal
University of Sergipe (Figure 1). Recruitment was conducted from March 2019 and the
follow-up period was between April and October 2019. This study report followed the
CONSORT 2010 checklist (Supplementary Material).

Figure 1. Experimental design. Notes: W0: pre-intervention moment; W4: moment after 4 weeks of
intervention; W8: moment after 8 weeks of intervention; W12: moment after 12 weeks of intervention;
W16: moment after 16 weeks of intervention.

2.2. Participants
The recruitment was carried out through dissemination on social media and leafleting

around the Federal University of Sergipe, as well as by attending public markets and religious
events. We calculated the sample size in G*Power software (version 3.1.9.2, Kiel, Germany)
based on the observed changes in fat percentage by Resende-Neto et al. (2019a) [31]. Specifically,
adopting an alpha of 0.05 and power of 80%, 27 participants per group were required. We
included 32 participants per group, increasing the sample size by 20% assuming their eventual
loss throughout the intervention. A total of 200 volunteers reported to the laboratory. Consider-
ing the inclusion criteria necessary for participation in the study (60 years old or older; female;
have no menstrual bleeding in the past 12 months; have no musculoskeletal or cardiovascular
contraindications to the practice of high-intensity physical training; have not exercised regularly
for at least 6 months), 96 participants were randomly distributed to one of the following groups:
functional training (FT); combined training (CT); and control group (CG) (Figure 2). In the case
of participation in another systematized exercise program, non-attendance in three consecutive
sessions, or absence in more than 15% of the training sessions, the participant was removed
from the program.
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Figure 3. Observed results on body composition variables. Body Mass (A). Fat Percentage (B). Lean
Mass (C) and Appendicular Lean Mass (D) over 16 weeks of intervention. Note. *: effect of time
relative to FT. #: effect of time relative to CT. Values are expressed as mean and standard error mean.
Statistical difference verified by repeated-measures ANOVA. Abbreviations: FT: Functional Training.
CT: Combined Training. CG: Control Group.

Table 2. Participants’ characterization.

Characteristics FT CT CG p

Anthropometry (mean and standard deviation)

Age (years) 63.6 ± 3.4 65.2 ± 4.5 67.1 ± 5.8 0.063

Height (m) 1.54 ± 0.06 1.55 ± 0.06 1.53 ± 0.06 0.802

BMI (kg/m2) 28.84 ± 4.81 27.80 ± 4.54 29.23 ± 5.28 0.527

Smoking (relative and absolute frequency)

Smoker 3.2 (1) 0.0 (0) 10.7 (3)

0.362Ex-smoker 25.8 (8) 18.5 (5) 21.4 (6)

Never smoked 71.0 (22) 81.5 (22) 67.9 (19)

Medical History (relative and absolute frequency)

Hypertension 45.2 (14) 51.9 (14) 57.1 (16) 0.653

Diabetes 19.4 (6) 14.8 (4) 25.0 (7) 0.650

Dyslipidemia 41.9 (13) 51.9 (14) 39.3 (11) 0.613

Alcohol intake 29.0 (9) 25.9 (7) 25.0 (7) 0.934
Abbreviations: BMI: Body Mass Index. FT: Functional Training. CT: Combined Training. CG: Control Group.
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Higher compared with lower dietary protein during an energy deficit
combined with intense exercise promotes greater lean mass gain and
fat mass loss: a randomized trial1,2

Thomas M Longland, Sara Y Oikawa, Cameron J Mitchell, Michaela C Devries, and Stuart M Phillips*

Department of Kinesiology, Exercise Metabolism Research Group, McMaster University, Hamilton, Canada

ABSTRACT
Background: A dietary protein intake higher than the Recommen-
ded Dietary Allowance during an energy deficit helps to preserve
lean body mass (LBM), particularly when combined with exercise.
Objective: The purpose of this study was to conduct a proof-of-
principle trial to test whether manipulation of dietary protein intake
during a marked energy deficit in addition to intense exercise train-
ing would affect changes in body composition.
Design: We used a single-blind, randomized, parallel-group prospec-
tive trial. During a 4-wk period, we provided hypoenergetic (w40%
reduction compared with requirements) diets providing 33 6 1 kcal/
kg LBM to young men who were randomly assigned (n = 20/group)
to consume either a lower-protein (1.2 g $ kg21 $ d21) control diet
(CON) or a higher-protein (2.4 g $ kg21 $ d21) diet (PRO). All
subjects performed resistance exercise training combined with high-
intensity interval training for 6 d/wk. A 4-compartment model assess-
ment of body composition was made pre- and postintervention.
Results: As a result of the intervention, LBM increased (P, 0.05) in
the PRO group (1.2 6 1.0 kg) and to a greater extent (P , 0.05)
compared with the CON group (0.1 6 1.0 kg). The PRO group had
a greater loss of fat mass than did the CON group (PRO:24.86 1.6 kg;
CON: 23.5 6 1.4kg; P , 0.05). All measures of exercise per-
formance improved similarly in the PRO and CON groups as a result
of the intervention with no effect of protein supplementation. Changes
in serum cortisol during the intervention were associated with changes
in body fat (r = 0.39, P = 0.01) and LBM (r = 20.34, P = 0.03).
Conclusions: Our results showed that, during a marked energy def-
icit, consumption of a diet containing 2.4 g protein $ kg21 $ d21 was
more effective than consumption of a diet containing 1.2 g protein $
kg21 $ d21 in promoting increases in LBM and losses of fat mass
when combined with a high volume of resistance and anaerobic
exercise. Changes in serum cortisol were associated with changes
in body fat and LBM, but did not explain much variance in either
measure. This trial was registered at clinicaltrials.gov as
NCT01776359. Am J Clin Nutr 2016;103:738–46.

Keywords: athlete, dietary protein, leucine, skeletalmuscle, resistance
exercise, high-intensity interval training

INTRODUCTION

Hypoenergetic diet–induced weight loss results in w20–30%
of mass lost as lean body mass (LBM),3 with the remaining mass
lost from adipose tissue (1). Retention of LBM during weight

loss may be important in maintaining physical performance while
also preserving skeletal muscle. Strategies that attenuate the loss of
LBM and even allow gains in LBM to occur during an energy deficit
are of interest to athletes and for health in general. Consuming
supplemental protein during resistance training (RT) can result in an
increased accretion of LBM (2). Evidence from Areta et al. (3)
showed that consuming 30 g protein after resistance exercise while in
an energy deficit resulted in a greater stimulation of muscle protein
synthesis (MPS) than did consumption of 15 g protein. Pasiakos et al.
(4) reported that daily protein at twice the Recommended Dietary
Allowance (RDA) for protein attenuated the loss of LBM during an
energy deficit with both aerobic and resistance exercise. Other re-
search suggests that $2 g protein $ kg21 $ d21 may be required to
maintain LBM when an individual is in an energy deficit (5).

RT attenuates the loss of skeletal muscle mass during an energy
deficit presumably by stimulating MPS (3, 4). Combining a higher
protein intake with RT during caloric restriction would act syner-
gistically on the rates of MPS, resulting in a greater ratio of fat to
LBM lost during energy restriction (5, 6), which may be advan-
tageous for physical performance. In addition, high-intensity interval
training (HIT)/sprint interval training (SIT) during a hypoenergetic
period may also aid in promoting LBM retention (7). HIT/SIT also
results in rapid gains in aerobic fitness, as well as endurance ca-
pacity, thus contributing to physical performance outcomes (8, 9).

In subjects who were in energy balance (or mildly positive energy
balance), exercise-induced changes in hormones such as testosterone,

1 Funded by the Natural Science and Engineering Research Council of
Canada (grant no. RGPIN-2015-04613 to SMP and postgraduate scholar-
ship–doctoral to CJM). This is a free access article, distributed under terms
(http://www.nutrition.org/publications/guidelines-and-policies/license/) that per-
mit unrestricted noncommercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

2 The funder had no role in the study design, analyses, or interpretation of
the results.

*Towhom correspondence should be addressed. E-mail: phillis@mcmaster.ca.
3 Abbreviations used: CON, lower-protein (1.2 g $ kg21 $ d21 ) control

diet; HIT, high-intensity interval training; IGF-I, insulin-like growth factor I;
LBM, lean body mass; MPS, muscle protein synthesis; PRO, higher-protein
(2.4 g $ kg21 $ d21 ) diet; RDA, recommended dietary allowance; RT, re-
sistance training; SIT, sprint interval training; 1RM, 1-repetition maximum.

Received July 14, 2015. Accepted for publication December 16, 2015.
First published online January 27, 2016; doi: 10.3945/ajcn.115.119339.
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4 SEMANAS – PERÍODO EXPERIMENTAL (Dieta + Treino)
20 participantes por Grupo

protocol was.96% and did not differ between groups (P = 0.89).
Dietary macronutrient breakdown and energy intake for both
groups during the protocol can be found in Table 3.

Each participant received 3 or 4 dairy-based beverages/d
(depending on their body weight) with ingredients dependent
on their group assignment (Table 2). Specific meals containing
higher or lower protein were consumed so that boluses of protein
were spread out throughout the day. Both drinks were flavored
identically, resulting in no perceptible taste differences in the
drinks (based on a blinded taste test) between groups. Drink
protein content was altered by adding Agropur IsoChill 9010
InstantizedWhey Protein Isolate. Maltodextrin was added to each
of the drinks to change their energy content, but also to keep the
protein-to-carbohydrate ratios similar between groups. Blinding

of the subjects to their dietary intervention group was accom-
plished through the subjects’ assigned drinks (Table 2), which
accounted for .90% of the macronutrient differences between
the groups. Given that after study completion subjects guessed
their nutritional assignment at rates no better than chance, we
believe the blinding was reasonable.

Exercise training

Participants reported to the laboratory 6 d/wk for exercise
training that consisted of the following: 1) a full-body resistance
exercise circuit, which was completed 2 times/wk with circuits
(no rest between exercises). Circuits included 10 repetitions/set
for 3 sets at 80% of 1RM, with the last set of each exercise to
volitional failure, with 1 min of rest between sets; 2) HIT/SIT,
which took place 2 times/wk. Sessions consisted of one session
of SIT (progressing from four to eight 30-s Wingate bouts) with
a 4-min rest between bouts (protocol described in detail below),
and a second session of modified HIT consisting of 10 bouts of
an all-out sprint for 1 min at 90% of peak power (watts at
_VO2max), with 1-min rest intervals pedaling at 50 W; 3) a weekly
250-kJ time trial on a cycle ergometer during which participants
were instructed to complete the trial as quickly as possible while
self-adjusting the ergometer resistance; and 4) a plyometric
body weight circuit with a 30-s rest between exercises.

To prevent sedentary activity at nonexercise times, all par-
ticipants were provided with a hip-worn pedometer (AccuSTEP
400; ACCUSPLIT) and were instructed to accumulate at least
10,000 steps/d throughout the trial. Step counts were monitored
on a daily basis and averaged 11,915 6 2492 steps/d throughout
the intervention, with no differences pre- to postintervention or

FIGURE 1 Subject recruitment and flow through the protocol. CON, lower-protein (1.2 g $ kg21 $ d21) control diet; PRO, higher-protein (2.4 g $ kg21 $ d21) diet.

TABLE 2
Dietary intake (including protein beverages) during the intervention1

PRO CON P

Protein, g 245 6 31 116 6 19 ,0.001
Protein, g/kg 2.4 6 0.1 1.2 6 0.1 ,0.01
Protein, g/kg LBM 3.3 6 0.1 1.7 6 0.1 ,0.001
Carbohydrate, g 311 6 35 286 6 35 0.21
Carbohydrate, g/kg 3.1 6 0.3 3.0 6 0.2 0.68
Fat, g 38 6 6 86 6 13 0.005
Fat, g/kg 0.4 6 0.1 0.9 6 0.1 0.012

1Values are means 6 SDs. n = 40 (20/group). Comparison with the use
of unpaired, 2-tailed Student’s t test. Values were calculated with the use of
preintervention body mass and LBM only. See Methods for determination of
LBM. CON, lower-protein (1.2 g $ kg21 $ d21) control diet; LBM, lean body
mass; PRO, higher-protein (2.4 g $ kg21 $ d21) diet.
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Serum and urinary creatinine were measured with the use of an
automated assay system (HumaStar 600), which is traceable to
isotope dilution mass spectrometry. Intra- and interassay
CVs for these metabolites were all ,5%. Using the serum
and urinary creatinine concentrations, we calculated creati-
nine clearance. Using serum creatinine, we calculated the es-
timated glomerular filtration rate with the use of the Chronic
Kidney Disease Epidemiology Collaboration equation (22), with
appropriate race- and age-specific adjustments.

Statistical analysis

Sample sizes were determined a priori powered on the
primary outcome of lean mass loss (by dual-energy X-ray
absorptiometry) to detect a differential lean mass loss of 1 kg,
with a = 0.05 and power at 90%, to require 16 subjects/group
at a higher (2.4 g $ kg21 $ d21) and lower (1.2 g $ kg21 $ d21)
protein intake in an equivalent energy deficit as used in the
current protocol (based on pilot data collected in our laboratory).
Data were assessed for normality with the use of a Kolmogorov–
Smirnov test, and any non-normal data (glomerular filtration
rate, testosterone, free testosterone, growth hormone, and cor-
tisol) were corrected with the use of logarithmic transformation
to ensure that kurtosis and skewedness were within normal
bounds. Nonpaired pre- and postintervention data for groups
were compared with the use of an unpaired Student’s t test. All
data were analyzed with the use of a 2-factor repeated measures
ANCOVAwith protein intake (between) and time (within) as the
main variables. Covariates included age, height, weight, baseline
body composition (when assessing body composition), and
baseline performance measures (when assessing changes in
performance). Significant interaction effects were analyzed with
the use of Tukey’s post hoc test to determine the location of
pairwise differences within (time) and/or between (diet). Pear-
son’s product-moment correlation coefficients were used to
evaluate the relations between variables. Statistical significance
was set at a # 0.05. Analyses were performed with the use of
SPSS (version 20.0.0). Data are presented as means 6 SDs.

RESULTS

There was substantial weight loss in both groups from pre- to
postintervention, but there were no differences in body weight
loss between groups (P . 0.8) (Figure 2). During the in-
tervention, LBM remained unchanged in the CON group (0.1 6
1.0 kg; P , 0.45); however, LBM increased in the PRO group
(1.2 6 1.0 kg) compared with preintervention, and this increase
was greater (P , 0.05) than in the CON group. Both PRO and
CON groups showed a decrease in fat mass after the intervention
(P, 0.001); however, fat mass losses were greater (P, 0.05) in
the PRO group (24.86 1.6 kg) than in the CON group (23.56
1.4 kg) (Figure 2). Pre- and postintervention body composition
means are shown in Table 4.

With the exception of isometric knee extension torque,
strength increased in all exercises, as did measures of aerobic and
anaerobic capacity and performance on sit-up and push-up tests
(Table 4). There were no differences between groups for any
performance-based variable.

We observed a significant time-by-condition interaction for
blood urea nitrogen, which increased in the PRO group (P ,
0.05) and remained unchanged in the CON group (Table 5).
Creatinine clearance remained unchanged as a result of the
protocol in both groups (Table 4); however, the estimated glo-
merular filtration rate increased in the PRO group from pre- to
postintervention, but remained unchanged in the CON group
(Table 4).

Hormone and metabolite concentrations measured pre- and
postintervention are shown in Table 5. We observed main effects
for time for all hormones and no between-group differences. We
performed correlational analyses between pre- and post-
intervention hormonal concentrations and body composition
pre- and postintervention, or changes in body composition, and
saw no significant relations (all P. 0.35) between any variables
(data not shown). The correlations between the absolute changes
in hormones, thought to be pertinent in determining body
composition change (15, 16), are shown in Figures 3 and 4, as
are the measured changes in fat mass (Figure 3) and LBM
(Figure 4). As Figures 3 and 4 show, there was no correlation
between changes in the concentration of any hormone other than
cortisol, and changes in body fat or LBM. Pooling the data from
the PRO and CON groups, we noted that the intervention-induced
change in resting overnight-fasting cortisol was significantly
correlated with the change in body fat (r = 0.39, P = 0.01) (Figure
4) and LBM (r = 20.34, P = 0.03) (Figure 5). Despite being
statistically significant, the pooled changes in cortisol could ex-
plain only 16% and 11% of the variance in changes in fat mass
and LBM, respectively.

DISCUSSION

We conducted a controlled feeding study in young overweight
men with a protein intake that was close to habitual (CON), but
still greater than the protein RDA, and at an amount 3 times the
protein RDA (PRO). We included forms of exercise that would
promote rapid gains in fitness and strength, as well as promotion
of lean mass retention; however, we also implemented post-
exercise provision of a predominantly whey protein supplement
to augment lean mass preservation in the face of a marked (40%)
energy deficit. The novel finding of the present study was that
a higher protein–containing (2.4 g $ kg21 $ d21) diet consumed
during a period of marked energy deficit (w40% reduction in
estimated energy requirement) during HIT resulted in an

FIGURE 2 Four-compartment model-derived changes in BM, LBM,
and FM during the intervention in both PRO and CON groups; data were
analyzed with the use of an unpaired t test. Values are means 6 SDs; n = 40
(20/group). *Significantly different from CON (P , 0.05). BM, body mass;
CON, lower-protein (1.2 g $ kg21 $ d21) control diet; FM, fat mass; LBM,
lean body mass; PRO, higher-protein (2.4 g $ kg21 $ d21) diet.
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Effect of a high protein diet and/or
resistance exercise on the preservation of
fat free mass during weight loss in
overweight and obese older adults: a
randomized controlled trial
Amely M. Verreijen1*, Mariëlle F. Engberink1, Robert G. Memelink1, Suzanne E. van der Plas1, Marjolein Visser2,3

and Peter J.M. Weijs1,3

Abstract

Background: Intentional weight loss in obese older adults is a risk factor for accelerated muscle mass loss. We
investigated whether a high protein diet and/or resistance exercise preserves fat free mass (FFM) during weight loss
in overweight and obese older adults.

Methods: We included 100 overweight and obese adults (55–80 year) in a randomized controlled trial (RCT) with a
2 × 2 factorial design and intention-to-treat analysis. During a 10-week weight loss program all subjects followed a
hypocaloric diet. Subjects were randomly allocated to either a high protein (1.3 g/kg body weight) or normal
protein diet (0.8 g/kg), with or without a resistance exercise program 3 times/week. FFM was assessed by air
displacement plethysmography.

Results: At baseline, mean (±SD) BMI was 32 ± 4 kg/m2. During intervention, protein intake was 1.13 ± 0.35 g/kg in
the high protein groups vs. 0.98 ± 0.29 in the normal protein groups, which reflects a 16.3 ± 5.2 g/d higher protein
intake in the high protein groups. Both high protein diet and exercise did not significantly affect change in body
weight, FFM and fat mass (FM). No significant protein*exercise interaction effect was observed for FFM. However,
within-group analysis showed that high protein in combination with exercise significantly increased FFM (+0.6 ± 1.
3 kg, p = 0.011).

Conclusion: A high protein diet, though lower than targeted, did not significantly affect changes in FFM during
modest weight loss in older overweight and obese adults. There was no significant interaction between the high
protein diet and resistance exercise for change in FFM. However, only the group with the combined intervention of
high protein diet and resistance exercise significantly increased in FFM.

Trial registration: Dutch Trial Register, number NTR4556, date 05-01-2014.

Keywords: Older adults, Obesity, Weight loss, Fat free mass, High protein diet, Resistance exercise
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There was no significant protein*exercise interaction for
FM and FFM.

Effects on handgrip strength and physical performance
No significant change in handgrip strength was observed
over time whereas all physical performance tests improved
over time. However, no significant effects of protein and
exercise on handgrip strength and physical performance
tests were observed (Table 3). There was a significant
interaction for protein*exercise for handgrip strength (p =
0.030) and 4-m gait speed (p = 0.045), indicating that com-
bining a high protein diet with exercise had greater posi-
tive effects on handgrip strength and 4-m gait speed than
high protein diet or exercise only (Table 3).

Discussion
In the present randomized controlled trial in overweight
and obese older adults during weight loss, we observed
no significant effect of the high protein diet (although at
a lower level than targeted) and resistance exercise on
FFM preservation and no statistically significant inter-
action between high protein and resistance exercise.
However, only in the group with the combined interven-
tion of high protein diet and resistance exercise
program, FFM significantly increased.
The recommended dietary allowance (RDA) for protein

is 0.8 g/kg/d and is age-independent [24]. However, the re-
cent expert opinion on protein requirements of older
adults is higher, and recommended protein intake ranges
from 1.0 – 1.2 g/kg/d [25]. Specific recommendations for
obese older adults during weight loss do not exist. Weijs
et al. [26] showed that protein requirements under the
challenged conditions of weight loss may be substantially

higher than 0.8 g/kg/d, and are probably even higher than
1.2 g/kg/d in order to preserve muscle mass.
In this study we demonstrated that it is difficult to

reach a 1.3 g/kg/d protein intake using a hypocaloric
high protein diet based on regular food products (mean
intake was 1.13 g/kg/d).
Although subjects in the high protein groups had a

16 g per day higher protein intake compared to the nor-
mal protein groups (mean intake was 0.98 g/kg/d), the
difference in protein intake might have been too small in
order to detect an effect on preservation in FFM. Previ-
ously, we studied the effect of a high-whey protein, leu-
cine and vitamin D supplement during weight loss on
muscle mass preservation in older obese adults [15]. In
that study, the difference in protein intake was 28 g/d
with an intake of 1.11 g/kg/d in the intervention group
and 0.85 g/kg/d in the control group. This difference re-
sulted in a muscle preserving effect of 0.95 kg. However,
besides the difference in protein intake, also other com-
ponents of the supplement, including leucine, vitamin D
and other micronutrients might explain the effect on
preservation of FFM in that study.
Two other possible explanations for the absence of a

high-protein effect on FFM preservation in the present
study should be considered. Firstly, older adults might re-
quire a minimum threshold of protein with one eating
moment to raise muscle protein synthesis levels. Previous
studies showed that a minimal amount of 20 g of high
quality protein per meal is needed to stimulate protein
synthesis above baseline levels [27]. In our former study,
the protein supplement was, ten times per week, supplied
as 21 g protein at once [15]. In the current study, only
39% of the subjects in the high protein groups had in total

Fig. 2 Change in body weight, fat mass and fat free mass in the four study groups. Data represent mean changes over 10 weeks with SEM using last
observations carried forward for subjects with missing week 5 and/or week 10 measurements. * indicates within group change using a paired t-test
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Increased Protein Intake Reduces Lean Body
Mass Loss during Weight Loss in Athletes
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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
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questionnaire, a training diary, and a general problem report.
The satiety questionnaire consisted of two 100-mm visual
analog scales anchored by the extreme values ‘‘extreme
hunger’’ at 0 mm and ‘‘very full’’ at 100 mm. The middle of
the scale was designated as the comfortable zone. One scale
was designated to rate the present satiety in the evening,
whereas the other was for estimation of the satiety during the
entire day. Subjects were asked to report fatigue and muscle
soreness ratings between 1 (not fatigue and not sore at all)
and 10 (training not possible any more) for each training
session. In the general problem report, the subjects were
asked to report any problems they felt may have impacted
training or habitual activities.

Diets. The energy and macronutrient intake of the two
groups is given in Table 2. In week 1, all subjects consumed
their habitual diet as discussed above. During week 2, all
subjects were provided with food containing 100% of their
habitual energy with a macronutrient composition of 50%
carbohydrate, 15% protein, and 35% fat. The subjects were
instructed not to eat or drink anything other than the
provided food and drinks. The only exceptions were water
and diet soft drinks that were allowed to be consumed
ad libitum. In addition, they were allowed to add salt and
pepper to spice up their food. The energy level for the first
feeding day in week 2 was estimated from the food report,
the physical activity questionnaire, the accelerometer, and
Polar data, as well as population reference and the estimated
physical activity level of the subjects. The four methods
were basically averaged. However, advantages and dis-
advantages of each method were considered, and the set
energy level may also have been slightly above or below
the mathematical value. Food protocols are known to be
prone to underreporting (22), and the physical activity
questionnaire carries the risk of overreporting, particularly
if training intensities are overrated (42). These intensity
ratings were crosschecked, for example, with HR monitor
data or training protocols, to assess their validity. In case of
discrepancies between methods and detected potential
weaknesses of a method with a specific subject, qualitative
considerations were made as well. For example, if the
physical activity questionnaire suggested a higher energy

output than all other methods and it was supported by HR
data that did not support reports of high-intensity training,
then the average of the four methods was considered to be a
slight overestimate. In such a case, the energy level would
be estimated as slightly less than the average. This level of
energy intake was then used as the starting point dur-
ing week 2. Finally, during the first few feeding days of
week 2, the subjects were advised to provide daily feedback
on the dietary energy level. When a subject reported feeling
hungry, we increased the energy content of the food
slightly. Similarly, when a subject reported an inability to
comfortably consume the provided food, subjects were
advised not to eat the excess and to report the surplus food.
We then reduced the energy content for the following days
accordingly to ensure that the energy intake for each subject
was appropriate by the end of the second week. The ab-
solute necessary adjustments were not different between
groups and amounted to 4% T 4% (mean T SD) of the
originally estimated energy level.

In weeks 3 and 4, the subjects were allocated either to the
control or to the high-protein group. For both groups, the
energy was dropped to 60% of the habitual energy intake.
The relative macronutrient composition of the control diet
remained the same (i.e., a linear reduction of all three
nutrients). The high-protein diet was changed to 50%
carbohydrate, 35% protein, and 15% fat. The values in
Table 2 represent the nutrient composition of the subjects
during weeks 2, 3, and 4 considering reported noncom-
pliance. Protein intake was È1.0 g protein per kilogram
body mass per day (gIkgj1Idj1) for the control group and
È2.3 gIkgj1Idj1 for the high-protein group. These values
would be enough to maintain lean body mass in an energy
balance situation for the control group (38) and approxi-
mately three times the US recommended daily allowance in
the protein group. Protein was distributed among the
different meals and snacks throughout the day to have a
more or less steady protein supply throughout the day.
However, the nutrient and protein intake was not explicitly
timed with the training sessions.

During weeks 2, 3, and 4, the subjects were asked to report
any foods assigned but not consumed. In addition, food items
not or only partially consumed had to be returned to the
laboratory by the subjects in order for them to be weighed.
Every attempt was made to give the subjects the confidence to
honestly report any noncompliance without any consequen-
ces. The diets were designed individually for each subject
considering individual preferences and eating patterns to
minimize noncompliance. The subjects were not informed of
group assignment. However, given the composition of the
high-protein diet, perfect blinding was not feasible. Thus, in
an attempt to blind the diets as much as possible, we attempted
to make the foods of both diets similar by providing similar
food items whenever possible, for example, by providing
‘‘protein’’ shakes containing fat and hardly any protein and
by providing food looking meaty or protein-rich while
containing hidden fat to the control group. At the end of the

TABLE 2. Energy and macronutrient composition of the provided diets per day.

Time Control (n = 10) High Protein (n = 10)

Energy, kJ (kJIkgj1) Week 2 14,411 T 977 (184 T 6) 13,936 T 479 (177 T 6)
Week 3 8649 T 603 (113 T 4) 8464 T 288 (108 T 4)
Week 4 8583 T 587 (114 T 4) 8469 T 281 (109 T 4)

Carbohydrates, g
(gIkgj1)

Week 2 428 T 32 (5.4 T 0.2) 415 T 14 (5.3 T 0.2)

Week 3 259 T 18 (3.4 T 0.1) 257 T 9 (3.3 T 0.1)
Week 4 258 T 18 (3.4 T 0.1) 257 T 9 (3.3 T 0.1)

Fat, g (gIkgj1) Week 2 133 T 9 (1.70 T 0.05) 131 T 5 (1.65 T 0.06)
Week 3 82 T 6 (1.06 T 0.05) 31 T 1 (0.40 T 0.02) *
Week 4 81 T 6 (1.07 T 0.04) 31 T 1 (0.40 T 0.02) *

Protein, g (gIkgj1) Week 2 128 T 9 (1.64 T 0.06) 125 T 5 (1.58 T 0.06)
Week 3 74 T 4 (0.98 T 0.02) 180 T 6 (2.31 T 0.08) *
Week 4 73 T 4 (0.97 T 0.02) 180 T 6 (2.32 T 0.08) *

Values are mean T SE.
* Significantly different from control group (P G 0.001).
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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).

http://www.acsm-msse.org330 Official Journal of the American College of Sports Medicine

B
A
SI
C
SC

IE
N
C
ES

D
ow

nloaded from
 http://journals.lw

w
.com

/acsm
-m

sse by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+kJLhE
ZgbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7TvS
Fl4C

f3V
C

1y0abggQ
ZX

dtw
nfK

ZB
Y

tw
s= on 06/24/2024

RECOMPOSIÇÃO CORPORAL – ATLETAS 



PESO 
TOTAL kg Esqueleto Gordura Músculos Órgãos

COMPOSIÇÃO CORPORAL



MÉTODOS DE AVALIAÇÃO DA COMPOSIÇÃO CORPORAL



)*<&+.8���47&3,*�(4938=
[[[�)I\E+MX�GSQ

�������������

5EKI����SJ��

3EQI��0YPPQER��(EVPE 'MVXL�)EXI����������������������������������������������2IEWYVI�)EXI������������

&KI������ -IMKLX�������MR��������������������������������������������������2IEWYVIH�8MQI����������52

,IRHIV��+IQEPI ;IMKLX��������PFW�

8SXEP�'SH]�'SRI�)IRWMX]

'HQVLWRPHWU\��86$��&RPELQHG�1+$1(6�/XQDU���(QKDQFHG�$QDO\VLV�

5HJLRQ
%0'

�J�FP�
<$

7�VFRUH
$0

=�VFRUH
+HDG ����� � �
$UPV ����� � �
/HJV ����� � �
7UXQN ����� � �
5LEV ����� � �
6SLQH ����� � �
3HOYLV ����� � �
7RWDO ����� ��� ���

'HQVLWRPHWU\�7UHQG��7RWDO

0HDVXUHG�'DWH
$JH

�\HDUV�
%0'

�J�FP�

&KDQJH�YV
3UHYLRXV
�J�FP�

&KDQJH�YV
3UHYLRXV����

���������� ���� ����� ����� ���
���������� ���� ����� ����� ���
���������� ���� ����� ����� ���
���������� ���� ����� ����� ���
���������� ���� ����� ������ ����
���������� ���� ����� � �

)*<&+.8���47&3,*�(4938=
[[[�)I\E+MX�GSQ

�������������

5EKI����SJ��

3EQI��0YPPQER��(EVPE 'MVXL�)EXI������������������������������������������������2IEWYVI�)EXI������������

&KI������ -IMKLX�������MR����������������������������������������������������2IEWYVI�8MQI����������52

,IRHIV��+IQEPI ;IMKLX��������PFW�

)I\E+MX��YQQEV]�&REP]WMW�5EKI
�YQQEV]���8SXEP�'SH]�(SQTSWMXMSR�&REP]WMW

8LI�XSXEP�FSH]�GSQTSWMXMSR�XEFPI�WYQQEVM^IW�XLI�QIXVMGW�SJ�]SYV�IRXMVI�FSH]�ERH�HMWTPE]W�]SYV�8SXEP�'SH]�+EX�	��8SXEP�2EWW�PFW���+EX�8MWWYI
PFW���1IER�8MWWYI�PFW���'SRI�2MRIVEP�(SRXIRX�'2(���ERH�:MWGIVEP�+EX�PFW��

2IEWYVIH�)EXI 8SXEP�'SH]�+EX�	 8SXEP�2EWW +EX�8MWWYI 1IER�8MWWYI '2( :MWGIVEP�+EX
���������� ����	 ������PFW �����PFW ������PFW ����PFW �����PFW
���������� ����	 ������PFW �����PFW ������PFW ����PFW �����PFW
���������� ����	 ������PFW �����PFW ������PFW ����PFW �����PFW

��� ��� ��� ��� ��� ��� ���
���������� ����	 ������PFW �����PFW ������PFW ����PFW �����PFW

1IER�2EWW�'EPERGI
�1IER�QEWW�FEPERGI�MW�E�GSQTEVMWSR�SJ�]SYV�FSH]�W�VMKLX�XS�PIJX�PIER�QEWW�W]QQIXV]��&�PIER�QEWW�HMǺIVIRGI�GPSWI�XS�^IVS�MRHMGEXIW�E�FEPERGI�SJ
QYWGPI��&R�MRNYV]��RSR�W]QQIXVMGEP�XVEMRMRK��SV�E�LIEPXL�GSRHMXMSR�QE]�GEYWI�HMWTVSTSVXMSREXI�PIER�QEWW�HMǺIVIRGIW��FYX�SRP]�]SYV�TL]WMGER�GER

HIXIVQMRI�MJ�E�LIEPXL�GSRHMXMSR�MW�XLI�VIPEXIH�GEYWI�

7IKMSR 2IEWYVIH�)EXI 1IER�2EWW�7MKLX 1IER�2EWW�1IJX 1IER�2EWW�)MǺIVIRGI

&VQW� ���������� ����PFW ����PFW ����PFW
���������� ����PFW ����PFW �����PFW

1IKW� ���������� �����PFW �����PFW �����PFW
���������� �����PFW �����PFW ����PFW

8SXEP� ���������� �����PFW �����PFW �����PFW
���������� �����PFW �����PFW �����PFW

)*<&+.8���47&3,*�(4938=
[[[�)I\E+MX�GSQ

�������������

5EKI����SJ��

3EQI��0YPPQER��(EVPE 'MVXL�)EXI������������������������������������������������2IEWYVI�)EXI������������

&KI������ -IMKLX�������MR����������������������������������������������������2IEWYVI�8MQI����������52

,IRHIV��+IQEPI ;IMKLX��������PFW�

)I\E+MX��YQQEV]�&REP]WMW�5EKI
�YQQEV]���8SXEP�'SH]�(SQTSWMXMSR�&REP]WMW

8LI�XSXEP�FSH]�GSQTSWMXMSR�XEFPI�WYQQEVM^IW�XLI�QIXVMGW�SJ�]SYV�IRXMVI�FSH]�ERH�HMWTPE]W�]SYV�8SXEP�'SH]�+EX�	��8SXEP�2EWW�PFW���+EX�8MWWYI
PFW���1IER�8MWWYI�PFW���'SRI�2MRIVEP�(SRXIRX�'2(���ERH�:MWGIVEP�+EX�PFW��

2IEWYVIH�)EXI 8SXEP�'SH]�+EX�	 8SXEP�2EWW +EX�8MWWYI 1IER�8MWWYI '2( :MWGIVEP�+EX
���������� ����	 ������PFW �����PFW ������PFW ����PFW �����PFW
���������� ����	 ������PFW �����PFW ������PFW ����PFW �����PFW
���������� ����	 ������PFW �����PFW ������PFW ����PFW �����PFW

��� ��� ��� ��� ��� ��� ���
���������� ����	 ������PFW �����PFW ������PFW ����PFW �����PFW

1IER�2EWW�'EPERGI
�1IER�QEWW�FEPERGI�MW�E�GSQTEVMWSR�SJ�]SYV�FSH]�W�VMKLX�XS�PIJX�PIER�QEWW�W]QQIXV]��&�PIER�QEWW�HMǺIVIRGI�GPSWI�XS�^IVS�MRHMGEXIW�E�FEPERGI�SJ
QYWGPI��&R�MRNYV]��RSR�W]QQIXVMGEP�XVEMRMRK��SV�E�LIEPXL�GSRHMXMSR�QE]�GEYWI�HMWTVSTSVXMSREXI�PIER�QEWW�HMǺIVIRGIW��FYX�SRP]�]SYV�TL]WMGER�GER

HIXIVQMRI�MJ�E�LIEPXL�GSRHMXMSR�MW�XLI�VIPEXIH�GEYWI�

7IKMSR 2IEWYVIH�)EXI 1IER�2EWW�7MKLX 1IER�2EWW�1IJX 1IER�2EWW�)MǺIVIRGI

&VQW� ���������� ����PFW ����PFW ����PFW
���������� ����PFW ����PFW �����PFW

1IKW� ���������� �����PFW �����PFW �����PFW
���������� �����PFW �����PFW ����PFW

8SXEP� ���������� �����PFW �����PFW �����PFW
���������� �����PFW �����PFW �����PFW

RESULTADOS REAIS – 8 meses



Paciente: Sr(a). ANDRE LUIS NUNES OBERMULLER RG: 848360
Solicitante: Dr(a). GUSTAVO AGUIAR CAMPANA
Realizado em: 25/03/2024

Data Nasc: 28/04/1971
Atendimento: 018-0202806

Liberado em: 26/03/2024 09:05:53 Idade: 52 anos 10 meses

Obs.: Este é um exame complementar à consulta clínica e o seu resultado é dirigido ao médico. Descrições e hipóteses diagnósticas aqui contidas não
devem ser analisadas isoladamente, mas correlacionadas com as demais informações do paciente - anamnese, exame físico e outros exames - pelo seu
médico, a quem compete valorizar ou não os achados, concluir o diagnóstico e decidir a conduta. O relator se coloca à disposição do médico para
quaisquer esclarecimentos necessários.
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DENSITOMETRIA
ANÁLISE DA COMPOSIÇÃO CORPORAL

TÉCNICA:

Este exame densitométrico foi realizado no equipamento GE Lunar Prodigy Primo utilizando-se software
enCore 2011 versão 13.60, tendo como base de dados referencial o NHANES III e analisado pelo médico
subscritor.
Este relatório foi confeccionado conforme os padrões preconizados pela SBDens 2008 e ISCD 2007.

RESULTADO :

1. Medidas Antropométricas:

Peso: 78,0Kg Altura: 1,72m Índice de Massa Corporal (IMC): 26,4Kg/m² [A]

Classificação do índice de Massa Corporal (IMC) segundo a Organização Mundial de Saúde (OMS) 1
Normal IMC entre 18,5 e 24,9 Kg/m

Sobrepeso IMC entre 25 e 29,9 Kg/m
Obesidade Grau 1 IMC entre 30 e 34,9 Kg/m
Obesidade Grau 2 IMC entre 35 e 39,9 Kg/m
Obesidade Grau 3 IMC≥ 40 Kg/m

Conclusão: de acordo com a Organização Mundial de Saúde (OMS) o Índice de Massa Corporal (IMC)
apresentado é classificado como Sobrepeso.

2. Dados do Compartimento Adiposo ou Gordura:

Massa Gorda Total: 12,755Kg
Percentual de Massa Gorda Total: 16,2% [B]
Índice de Massa Gorda (FMI) : 4,31Kg/m² [C]
Relação entre Gordura Andróide/ Ginóide (Relação A/G): 1,00 [D]
Predomínio da adiposidade: Andróide.

Classificação do Índice de Massa Gorda (FMI)
Classe Défcit

Severo de
Gordura

Défcit
Moderado
de
Gordoura

Défcit
Leve de
Gordura

Normal Excesso
de
Gordura

Obesidade
Classe 1

Obesidade
Classe 2

Obesidade
Classe 3

Masculino <2 2 a < 2,3 2,3 a < 3 3 - 6 > 6 a 9 >9 a 12 >12 a 15 >15
Feminino <3,5 3,5 a < 4 4 a < 5 5 - 9 > 9 a 13 > 13 a 17 > 17 a 21 > 21

Paciente: Sr(a). ANDRE LUIS NUNES OBERMULLER RG: 848360
Solicitante: Dr(a). GUSTAVO AGUIAR CAMPANA
Realizado em: 25/03/2024

Data Nasc: 28/04/1971
Atendimento: 018-0202806

Liberado em: 26/03/2024 09:05:53 Idade: 52 anos 10 meses

Obs.: Este é um exame complementar à consulta clínica e o seu resultado é dirigido ao médico. Descrições e hipóteses diagnósticas aqui contidas não
devem ser analisadas isoladamente, mas correlacionadas com as demais informações do paciente - anamnese, exame físico e outros exames - pelo seu
médico, a quem compete valorizar ou não os achados, concluir o diagnóstico e decidir a conduta. O relator se coloca à disposição do médico para
quaisquer esclarecimentos necessários.
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Valores de Referência para a Relação entre Gordura Andróide/ Ginóide (Relação A/G)
Relação A/G > 1,00 Predomínio de Gordura Andróide
Relação A/G < 1,00 Predomínio de Gordura Ginóide

Conclusão: O Paciente analisado apresenta os valores de Gordura Corporal Total Dentro do esperado
para um indivíduo do mesmo sexo compatível com Normal e apresenta predomínio de adiposidade
Andróide.

3. Dados do Compartimento Magro:

Massa Magra Total: 62,665Kg
Percetual de Massa Magra Total: 79,6%.
Massa Magra Apendicular: 28,003Kg
Índice de Massa Magra Apendicular :

ajustado para a estatura (m) : 9,46Kg/m² [E]
pelo IMC (Kg/m) : 1,060Kg/m² [F]

Valores de Referência para o Índice de Massa Magra Apendicular ajustado para a estatura em m[4]
Classe Dentro do esperado Abaixo do esperado
Homens ≥ 7.25 Kg/m² < 7,25 Kg/m²
Mulheres ≥ 5.67 Kg/m² < 5.67 Kg/m²

Valores de Referência para o Índice de Massa Magra Apendicular ajustadopelo IMC em Kg/m[4]
Classe Dentro do esperado Abaixo do esperado
Homens ≥ 0,789Kg/m² < 0,789 Kg/m²
Mulheres ≥ 0,512Kg/m² < 0,512 Kg/m²

Conclusão: O paciente analisado apresenta Índice de Massa Magra Apendicular Dentro do esperado para
um indivíduo do mesmo sexo ajustado para a estatura e pelo IMC .

4. Compartimento Ósseo:

Densidade Mineral Óssea(DMO): 1,399g/cm²
Z - Score: 2,2

Valores de Referência para Z - Score:
Dentro do esperado Abaixo do esperado
Z- Score > -2.0 DP Z- Score ≤ - 2,0 DP

Conclusão: O paciente analisado apresenta Densidade Mineral Óssea de Corpo Total Dentro do esperado
para um indivíduo de mesma idade e mesmo sexo.

Paciente: Sr(a). ANDRE LUIS NUNES OBERMULLER RG: 848360
Solicitante: Dr(a). ANDRÉ LUÍS NUNES OBERMÜLLER
Realizado em: 11/09/2024

Data Nasc: 28/04/1971
Atendimento: 018-0212940

Liberado em: 12/09/2024 09:56:22 Idade: 53 anos 4 meses

Obs.: Este é um exame complementar à consulta clínica e o seu resultado é dirigido ao médico. Descrições e hipóteses diagnósticas aqui contidas não
devem ser analisadas isoladamente, mas correlacionadas com as demais informações do paciente - anamnese, exame físico e outros exames - pelo seu
médico, a quem compete valorizar ou não os achados, concluir o diagnóstico e decidir a conduta. O relator se coloca à disposição do médico para
quaisquer esclarecimentos necessários.
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DENSITOMETRIA ÓSSEA - ANÁLISE DA COMPOSIÇÃO CORPORAL

Prezado colega, este exame densitométrico de ANDRE LUIS NUNES OBERMULLER foi realizado no
equipamento GE Lunar Prodigy Primo utilizando-se software enCore 2011 versão 13,60 tendo como base
de dados referencial o EUA (Combinação NHANES / Lunar) [2] e analisado pelo médico subscritor.
Este relatório foi confeccionado conforme os padrões preconizados pela SBDens 20082 e ISCD 20073.

RESULTADO :

1. Medidas Antropométricas:

Peso: 76.000 Kg Altura: 172 cm Índice de Massa Corporal (IMC)1: 25.7 Kg/m2

Classificação do índice de Massa Corporal (IMC) segundo a Organização Mundial de Saúde (OMS)1
Normal IMC entre 18,5 e 24,9 Kg/m2

Sobrepeso IMC entre 25 e 29,9 Kg/m2
Obesidade Grau 1 IMC entre 30 e 34,9 Kg/m2
Obesidade Grau 2 IMC entre 35 e 39,9 Kg/m2
Obesidade Grau 3 IMC ≥ 40 Kg/m2

Conclusão: de acordo com a Organização Mundial de Saúde (OMS) o Índice de Massa Corporal (IMC)
apresentado é classificado como Sobrepeso.

2. Dados do Compartimento Adiposo ou Gordura:

Massa Gorda Total: 10.258 Kg
Percentual de Massa Gorda Total2: 13.44 %
Índice de Massa Gorda (FMI) 3 : 3,46 Kg/m2
Relação entre Gordura Andróide/ Ginóide (Relação A/G)4: 1.09

Classificação do Índice de Massa Gorda (FMI) 3
Classe Déficit

Severo
de

Gordura

Déficit
Moderado

de
Gordura

Déficit
Leve de
Gordura

Normal Excesso
de

Gordura

Obesidade
Classe 1

Obesidade
Classe 2

Obesidade
Classe 2

Masculino < 2 2 a < 2.3 2,3 a < 3 3 - 6 > 6 a 9 > 9 a 12 > 12 a 15 > 15
Feminino < 3.5 3,5 a < 4 4 a < 5 5 - 9 > 9 a 13> > 13 a 17 > 17 a 21 > 21

Valores de Referência para a Relação entre Gordura Andróide/ Ginóide (Relação A/G) 4
Relação A/G > 1,00 Predomínio de Gordura Andróide
Relação A/G < 1,00 Predomínio de Gordura Ginóide

Conclusão: O Paciente analisado apresenta Massa Gorda classificado como Normal para um indivíduo do
mesmo sexo e apresenta predomínio de adiposidade Andróide.

Paciente: Sr(a). ANDRE LUIS NUNES OBERMULLER RG: 848360
Solicitante: Dr(a). ANDRÉ LUÍS NUNES OBERMÜLLER
Realizado em: 11/09/2024

Data Nasc: 28/04/1971
Atendimento: 018-0212940

Liberado em: 12/09/2024 09:56:22 Idade: 53 anos 4 meses

Obs.: Este é um exame complementar à consulta clínica e o seu resultado é dirigido ao médico. Descrições e hipóteses diagnósticas aqui contidas não
devem ser analisadas isoladamente, mas correlacionadas com as demais informações do paciente - anamnese, exame físico e outros exames - pelo seu
médico, a quem compete valorizar ou não os achados, concluir o diagnóstico e decidir a conduta. O relator se coloca à disposição do médico para
quaisquer esclarecimentos necessários.
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3 Dados do Compartimento Magro:

Massa Magra Total: 62.913 Kg
Percetual de Massa Magra Total: 82,45 %
Massa Magra Apendicular: 29.117 kg
Índice de Massa Magra Apendicular: 9.84 Kg/m2

5: 6.39 Kg/mValores de Referência para o Índice de Massa Magra Apendicular[4]
Classe Dentro do esperado Abaixo do esperado
Homens ≥ 7.25 Kg/m2 < 7,25 Kg/m2
Mulheres ≥ 5.67 Kg/m2 < 5.67 Kg/m2

Conclusão: O paciente analisado apresenta Índice de Massa Magra Apendicular Dentro do Esperado
para um indivíduo do mesmo sexo.

4. Compartimento Ósseo:

Conteúdo Mineral Ósseo (CMO): 3.167 g
Densidade Mineral Óssea(DMO): 1.370 g/cm2
T-Score: mais 1,9 D.P. (Desvio Padrão)

Valores de Referência para T – Score:
Dentro do esperado Abaixo do esperado
T- Score > -2.5 DP T- Score ≤ - 2,0 DP

Conclusão: O paciente analisado apresenta Densidade Mineral Óssea de Corpo Total Dentro do Esperado
para um indivíduo de mesma idade e mesmo sexo.

__________________________
José Joaquim Vieira Barbosa

CRM-ES 4293
Habilitado pela Sociedade Brasileira de

Densitometria Óssea - CBR/AMB

Considerações :

1. A avaliação do Índice de Massa Corporal representa importante parâmetro de saúde geral e de risco
cardiovascular. Contudo, por considerar exclusivamente dados quantitativos globais, deve ser
cuidadosamente analisada. Se analisada cegamente, por exemplo, índividuos atléticos, com alta
composição muscular, como fisioculturistas, podem ser classificados equivocadamente como obesos ou
como sobrepeso.

Paciente: Sr(a). ANDRE LUIS NUNES OBERMULLER RG: 848360
Solicitante: Dr(a). ANDRÉ LUÍS NUNES OBERMÜLLER
Realizado em: 11/09/2024

Data Nasc: 28/04/1971
Atendimento: 018-0212940

Liberado em: 12/09/2024 09:56:22 Idade: 53 anos 4 meses

Obs.: Este é um exame complementar à consulta clínica e o seu resultado é dirigido ao médico. Descrições e hipóteses diagnósticas aqui contidas não
devem ser analisadas isoladamente, mas correlacionadas com as demais informações do paciente - anamnese, exame físico e outros exames - pelo seu
médico, a quem compete valorizar ou não os achados, concluir o diagnóstico e decidir a conduta. O relator se coloca à disposição do médico para
quaisquer esclarecimentos necessários.
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DENSITOMETRIA ÓSSEA - ANÁLISE DA COMPOSIÇÃO CORPORAL

Prezado colega, este exame densitométrico de ANDRE LUIS NUNES OBERMULLER foi realizado no
equipamento GE Lunar Prodigy Primo utilizando-se software enCore 2011 versão 13,60 tendo como base
de dados referencial o EUA (Combinação NHANES / Lunar) [2] e analisado pelo médico subscritor.
Este relatório foi confeccionado conforme os padrões preconizados pela SBDens 20082 e ISCD 20073.

RESULTADO :

1. Medidas Antropométricas:

Peso: 76.000 Kg Altura: 172 cm Índice de Massa Corporal (IMC)1: 25.7 Kg/m2

Classificação do índice de Massa Corporal (IMC) segundo a Organização Mundial de Saúde (OMS)1
Normal IMC entre 18,5 e 24,9 Kg/m2

Sobrepeso IMC entre 25 e 29,9 Kg/m2
Obesidade Grau 1 IMC entre 30 e 34,9 Kg/m2
Obesidade Grau 2 IMC entre 35 e 39,9 Kg/m2
Obesidade Grau 3 IMC ≥ 40 Kg/m2

Conclusão: de acordo com a Organização Mundial de Saúde (OMS) o Índice de Massa Corporal (IMC)
apresentado é classificado como Sobrepeso.

2. Dados do Compartimento Adiposo ou Gordura:

Massa Gorda Total: 10.258 Kg
Percentual de Massa Gorda Total2: 13.44 %
Índice de Massa Gorda (FMI) 3 : 3,46 Kg/m2
Relação entre Gordura Andróide/ Ginóide (Relação A/G)4: 1.09

Classificação do Índice de Massa Gorda (FMI) 3
Classe Déficit

Severo
de

Gordura

Déficit
Moderado

de
Gordura

Déficit
Leve de
Gordura

Normal Excesso
de

Gordura

Obesidade
Classe 1

Obesidade
Classe 2

Obesidade
Classe 2

Masculino < 2 2 a < 2.3 2,3 a < 3 3 - 6 > 6 a 9 > 9 a 12 > 12 a 15 > 15
Feminino < 3.5 3,5 a < 4 4 a < 5 5 - 9 > 9 a 13> > 13 a 17 > 17 a 21 > 21

Valores de Referência para a Relação entre Gordura Andróide/ Ginóide (Relação A/G) 4
Relação A/G > 1,00 Predomínio de Gordura Andróide
Relação A/G < 1,00 Predomínio de Gordura Ginóide

Conclusão: O Paciente analisado apresenta Massa Gorda classificado como Normal para um indivíduo do
mesmo sexo e apresenta predomínio de adiposidade Andróide.

Paciente: Sr(a). ANDRE LUIS NUNES OBERMULLER RG: 848360
Solicitante: Dr(a). ANDRÉ LUÍS NUNES OBERMÜLLER
Realizado em: 11/09/2024

Data Nasc: 28/04/1971
Atendimento: 018-0212940

Liberado em: 12/09/2024 09:56:22 Idade: 53 anos 4 meses

Obs.: Este é um exame complementar à consulta clínica e o seu resultado é dirigido ao médico. Descrições e hipóteses diagnósticas aqui contidas não
devem ser analisadas isoladamente, mas correlacionadas com as demais informações do paciente - anamnese, exame físico e outros exames - pelo seu
médico, a quem compete valorizar ou não os achados, concluir o diagnóstico e decidir a conduta. O relator se coloca à disposição do médico para
quaisquer esclarecimentos necessários.
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DENSITOMETRIA ÓSSEA - ANÁLISE DA COMPOSIÇÃO CORPORAL

Prezado colega, este exame densitométrico de ANDRE LUIS NUNES OBERMULLER foi realizado no
equipamento GE Lunar Prodigy Primo utilizando-se software enCore 2011 versão 13,60 tendo como base
de dados referencial o EUA (Combinação NHANES / Lunar) [2] e analisado pelo médico subscritor.
Este relatório foi confeccionado conforme os padrões preconizados pela SBDens 20082 e ISCD 20073.

RESULTADO :

1. Medidas Antropométricas:

Peso: 76.000 Kg Altura: 172 cm Índice de Massa Corporal (IMC)1: 25.7 Kg/m2

Classificação do índice de Massa Corporal (IMC) segundo a Organização Mundial de Saúde (OMS)1
Normal IMC entre 18,5 e 24,9 Kg/m2

Sobrepeso IMC entre 25 e 29,9 Kg/m2
Obesidade Grau 1 IMC entre 30 e 34,9 Kg/m2
Obesidade Grau 2 IMC entre 35 e 39,9 Kg/m2
Obesidade Grau 3 IMC ≥ 40 Kg/m2

Conclusão: de acordo com a Organização Mundial de Saúde (OMS) o Índice de Massa Corporal (IMC)
apresentado é classificado como Sobrepeso.

2. Dados do Compartimento Adiposo ou Gordura:

Massa Gorda Total: 10.258 Kg
Percentual de Massa Gorda Total2: 13.44 %
Índice de Massa Gorda (FMI) 3 : 3,46 Kg/m2
Relação entre Gordura Andróide/ Ginóide (Relação A/G)4: 1.09

Classificação do Índice de Massa Gorda (FMI) 3
Classe Déficit

Severo
de

Gordura

Déficit
Moderado

de
Gordura

Déficit
Leve de
Gordura

Normal Excesso
de

Gordura

Obesidade
Classe 1

Obesidade
Classe 2

Obesidade
Classe 2

Masculino < 2 2 a < 2.3 2,3 a < 3 3 - 6 > 6 a 9 > 9 a 12 > 12 a 15 > 15
Feminino < 3.5 3,5 a < 4 4 a < 5 5 - 9 > 9 a 13> > 13 a 17 > 17 a 21 > 21

Valores de Referência para a Relação entre Gordura Andróide/ Ginóide (Relação A/G) 4
Relação A/G > 1,00 Predomínio de Gordura Andróide
Relação A/G < 1,00 Predomínio de Gordura Ginóide

Conclusão: O Paciente analisado apresenta Massa Gorda classificado como Normal para um indivíduo do
mesmo sexo e apresenta predomínio de adiposidade Andróide.

Paciente: Sr(a). ANDRE LUIS NUNES OBERMULLER RG: 848360
Solicitante: Dr(a). GUSTAVO AGUIAR CAMPANA
Realizado em: 25/03/2024

Data Nasc: 28/04/1971
Atendimento: 018-0202806

Liberado em: 26/03/2024 09:05:53 Idade: 52 anos 10 meses

Obs.: Este é um exame complementar à consulta clínica e o seu resultado é dirigido ao médico. Descrições e hipóteses diagnósticas aqui contidas não
devem ser analisadas isoladamente, mas correlacionadas com as demais informações do paciente - anamnese, exame físico e outros exames - pelo seu
médico, a quem compete valorizar ou não os achados, concluir o diagnóstico e decidir a conduta. O relator se coloca à disposição do médico para
quaisquer esclarecimentos necessários.
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DENSITOMETRIA
ANÁLISE DA COMPOSIÇÃO CORPORAL

TÉCNICA:

Este exame densitométrico foi realizado no equipamento GE Lunar Prodigy Primo utilizando-se software
enCore 2011 versão 13.60, tendo como base de dados referencial o NHANES III e analisado pelo médico
subscritor.
Este relatório foi confeccionado conforme os padrões preconizados pela SBDens 2008 e ISCD 2007.

RESULTADO :

1. Medidas Antropométricas:

Peso: 78,0Kg Altura: 1,72m Índice de Massa Corporal (IMC): 26,4Kg/m² [A]

Classificação do índice de Massa Corporal (IMC) segundo a Organização Mundial de Saúde (OMS) 1
Normal IMC entre 18,5 e 24,9 Kg/m

Sobrepeso IMC entre 25 e 29,9 Kg/m
Obesidade Grau 1 IMC entre 30 e 34,9 Kg/m
Obesidade Grau 2 IMC entre 35 e 39,9 Kg/m
Obesidade Grau 3 IMC≥ 40 Kg/m

Conclusão: de acordo com a Organização Mundial de Saúde (OMS) o Índice de Massa Corporal (IMC)
apresentado é classificado como Sobrepeso.

2. Dados do Compartimento Adiposo ou Gordura:

Massa Gorda Total: 12,755Kg
Percentual de Massa Gorda Total: 16,2% [B]
Índice de Massa Gorda (FMI) : 4,31Kg/m² [C]
Relação entre Gordura Andróide/ Ginóide (Relação A/G): 1,00 [D]
Predomínio da adiposidade: Andróide.

Classificação do Índice de Massa Gorda (FMI)
Classe Défcit

Severo de
Gordura

Défcit
Moderado
de
Gordoura

Défcit
Leve de
Gordura

Normal Excesso
de
Gordura

Obesidade
Classe 1

Obesidade
Classe 2

Obesidade
Classe 3

Masculino <2 2 a < 2,3 2,3 a < 3 3 - 6 > 6 a 9 >9 a 12 >12 a 15 >15
Feminino <3,5 3,5 a < 4 4 a < 5 5 - 9 > 9 a 13 > 13 a 17 > 17 a 21 > 21

RESULTADOS REAIS – 6meses

-2,49kg de gordura + 1,1kg de músculos



 

 
 

 

Dr. Felipe Fedrizzi Donatto 

Nutricionista Esportivo CRN3: 18.215 

Mestre em Ed. Fisica (UNIMEP) 
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Eduardo – Resultados 

 

Novembro 2022 – 14% de gordura 

 

 

Julho 2023 – 10% de gordura 

 

 

 

RESULTADOS REAIS – 8 meses

-3,46kg de gordura + 1,16kg de músculos



 
  

Alcione 
 

25% de gordura – Abril 2023 

 
20% de gordura – Julho 2023 

 
15% de gordura – Outubro 2023 
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RESULTADOS REAIS – 6meses

-6,5kg de gordura + 1,75kg de músculos



 

 
 
 
 
 
Marcos Barbosa de Bernardo 
 
 
40% de gordura – dezembro 2020 

 
35% de gordura – fevereiro - 2021 
 

 
 
 
 
 
 
 
 

116,20 

46,48 

69,72 

107,26

8,94 

-

20,000 

40,000 

60,000 

80,000 

100,000 

120,000 

140,000 

Peso atual (kg) peso de 
gordura (kg)

Músculos + 
ossos + orgãos 

(kg)

PESO IDEAL PESO EM 
EXCESSO

106,80 

37,38 

69,42 

99,17

7,63 

-

20,000 

40,000 

60,000 

80,000 

100,000 

120,000 

Peso atual (kg) peso de 
gordura (kg)

Músculos + 
ossos + orgãos 

(kg)

PESO IDEAL PESO EM 
EXCESSO

 

 
 
 
Marcos Barbosa de Bernardo 
 
 
16% de gordura – Março 2022 

 
10% de gordura – Maio 2022 

 
11% de gordura – Agosto 2022 

 

90,50 

14,48 

76,02 
84,47

6,03 

-
10,000 
20,000 
30,000 
40,000 
50,000 
60,000 
70,000 
80,000 
90,000 

100,000 

Peso atual (kg) peso de 
gordura (kg)

Músculos + 
ossos + orgãos 

(kg)

PESO IDEAL PESO EM 
EXCESSO

83,90 

8,39 

75,51 
83,90

-
-

10,000 
20,000 
30,000 
40,000 
50,000 
60,000 
70,000 
80,000 
90,000 

Peso atual (kg) peso de 
gordura (kg)

Músculos + 
ossos + orgãos 

(kg)

PESO IDEAL PESO EM 
EXCESSO

89,00 

9,79 

79,21 
88,01

0,99 
-

10,000 
20,000 
30,000 
40,000 
50,000 
60,000 
70,000 
80,000 
90,000 

100,000 

Peso atual (kg) peso de 
gordura (kg)

Músculos + 
ossos + orgãos 

(kg)

PESO IDEAL PESO EM 
EXCESSO

RESULTADOS REAIS – 2 anos

- 36kg de gordura + 5,79kg de músculos



Estrutura básica da dieta

Fibra
COMPONENTES DA DIETA QUANTIDADES MÉDIAS

QUANTIDADE DE ÁGUA 33-50ml/kg/dia

QUANTIDADE CALORICA TOTAL 20-25kcal/kg/dia

GASTO CALÓRICO EXERCÍCIO 400-600kcal/dia

QUANTIDADE PROTEICA 2,0-2,5g/kg/dia

QUANTIDADE CARBOIDRATO 2,0-3,0g/kg/dia

QUANTIDADE DE LIPÍDIOS 0,5-0,8g/kg/dia

QUANTIDADE DE FIBRAS 10-12g/1000kcal





PARABÉNS 
NUTRICIONISTA!! 

Você é um dos 
melhores do 

MUNDO!!


