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MOLECULAR ADAPTATION TO RESISTANCE EXERCISE

138

MOLECULAR MECHANISMS OF RESISTANCE TRAINING ADAPTATION

Molecular exercise physiologists have made several advances in our understanding of 
how a mechanical signal such as the load across a muscle is converted to chemical signals 
that trigger muscle growth. From this work, there appear to be three major players:

 x The anabolic mTOR signal transduction pathway increases protein synthesis result-
ing in hypertrophy.

 x The catabolic myostatin–Smad signal transduction pathway inhibits muscle 
growth by poorly understood mechanisms.

 x Satellite cell pathways aid in the repair of damaged fibres but this is not essential 
for short-term, modest, hypertrophy.

In the text below we will introduce these three signal transduction pathways or net-
works and then briefly mention other mechanisms that can also regulate muscle size 
and strength.

THE mTOR PATHWAY REGULATES PROTEIN SYNTHESIS

The mammalian/mechanistic target of rapamycin (mTOR) is a serine/threonine kinase 
that increases protein synthesis (i.e. the translation of mRNA into protein by the ribo-
some) and ribosome biogenesis (i.e. the capacity of a cell for protein synthesis) and 
in some cells inhibits a form of protein breakdown termed autophagy. In addition, 
mTOR promotes cell division and the transcription of certain genes. mTOR got its 

Figure 6.2 Resistance training and muscle protein synthesis. (a) Resistance exercise increases myofibrillar protein synthesis 
for up to 72 h. Redrawn after Miller et al. (2005). (b) Only resistance exercise and amino acids (or protein, as amino acids are 
digested protein) results in a positive net protein balance. Redrawn after Tipton et al. (1999). AA amino acids.
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Abstract

We performed a systematic review, meta-analysis, and meta-regression to determine if increasing daily protein inges-
tion contributes to gaining lean body mass (LBM), muscle strength, and physical/functional test performance in
healthy subjects. A protocol for the present study was registered (PROSPERO, CRD42020159001), and a systematic
search of Medline, Embase, CINAHL, and Web of Sciences databases was undertaken. Only randomized controlled tri-
als (RCT) where participants increased their daily protein intake and were healthy and non-obese adults were included.
Research questions focused on the main effects on the outcomes of interest and subgroup analysis, splitting the studies
by participation in a resistance exercise (RE), age (<65 or ≥65 years old), and levels of daily protein ingestion.
Three-level random-effects meta-analyses and meta-regressions were conducted on data from 74 RCT. Most of the se-
lected studies tested the effects of additional protein ingestion during RE training. The evidence suggests that increas-
ing daily protein ingestion may enhance gains in LBM in studies enrolling subjects in RE (SMD [standardized mean
difference] = 0.22, 95% CI [95% confidence interval] 0.14:0.30, P < 0.01, 62 studies, moderate level of evidence).
The effect on LBM was significant in subjects ≥65 years old ingesting 1.2–1.59 g of protein/kg/day and for younger sub-
jects (<65 years old) ingesting ≥1.6 g of protein/kg/day submitted to RE. Lower-body strength gain was slightly higher
by additional protein ingestion at ≥1.6 g of protein/kg/day during RE training (SMD = 0.40, 95% CI 0.09:0.35,
P < 0.01, 19 studies, low level of evidence). Bench press strength is slightly increased by ingesting more protein in
<65 years old subjects during RE training (SMD = 0.18, 95% CI 0.03:0.33, P= 0.01, 32 studies, low level of evidence).
The effects of ingesting more protein are unclear when assessing handgrip strength and only marginal for performance
in physical function tests. In conclusion, increasing daily protein ingestion results in small additional gains in LBM and
lower body muscle strength gains in healthy adults enrolled in resistance exercise training. There is a slight effect on
bench press strength and minimal effect performance in physical function tests. The effect on handgrip strength is
unclear.

Keywords Muscle mass; Muscle strength; Protein quantity; Physical function
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ü ≥ 0,4 g proteína/kg

PROTEÍNA POR REFEIÇÃO

1. Weiler M, Hertzler SR, Dvoretskiy S. Nutrients. 2023;15(4):838.
2. Morgan PT, Witard OC, Højfeldt G, Church DD, Breen L. Proc Nutr Soc. Published online October 11, 2023:1-14. 

ü Maior quantidade no 
café da manhã
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~3 g de Leucina por refeição
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Evaluating the Leucine Trigger
Hypothesis to Explain the
Post-prandial Regulation of Muscle
Protein Synthesis in Young and Older
Adults: A Systematic Review
Gabriele Zaromskyte 1, Konstantinos Prokopidis 2, Theofilos Ioannidis 1, Kevin D. Tipton 3

and Oliver C. Witard 1,4*

1 Department of Nutritional Sciences, King’s College London, London, United Kingdom, 2 Department of Musculoskeletal

Biology, Institute of Life Course and Medical Sciences, University of Liverpool, Liverpool, United Kingdom, 3 Institute of

Performance Nutrition, London, United Kingdom, 4 Centre for Human and Applied Physiological Sciences, Faculty of Life

Sciences and Medicine, King’s College London, London, United Kingdom

Background: The “leucine trigger” hypothesis was originally conceived to explain

the post-prandial regulation of muscle protein synthesis (MPS). This hypothesis

implicates the magnitude (amplitude and rate) of post-prandial increase in blood leucine

concentrations for regulation of the magnitude of MPS response to an ingested protein

source. Recent evidence from experimental studies has challenged this theory, with

reports of a disconnect between blood leucine concentration profiles and post-prandial

rates of MPS in response to protein ingestion.

Aim: The primary aim of this systematic review was to qualitatively evaluate the leucine

trigger hypothesis to explain the post-prandial regulation of MPS in response to ingested

protein at rest and post-exercise in young and older adults. We hypothesized that

experimental support for the leucine trigger hypothesis will depend on age, exercise

status (rest vs. post-exercise), and type of ingested protein (i.e., isolated proteins vs.

protein-rich whole food sources).

Methods: This qualitative systematic review extracted data from studies that combined

measurements of post-prandial blood leucine concentrations and rates of MPS following

ingested protein at rest and following exercise in young and older adults. Data relating to

blood leucine concentration profiles and post-prandial MPS rates were extracted from

all studies, and reported as providing sufficient or insufficient evidence for the leucine

trigger hypothesis.

Results: Overall, 16 of the 29 eligible studies provided sufficient evidence to support the

leucine trigger hypothesis for explaining divergent post-prandial rates of MPS in response

to different ingested protein sources. Of these 16 studies, 13 were conducted in older

adults (eight of which conducted measurements post-exercise) and 14 studies included

the administration of isolated proteins.

Zaromskyte, et al. Front. Nutr. 2021;8:685165.
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1. Ferrucci L, Fabbri E. Nat Rev Cardiol 2018;15:505–522.
2. Walker KA, Basisty N, Wilson DM 3rd, Ferrucci L. J Clin Invest. 2022;132(14):e158448.
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Bird JK, et al. 
Clinical Nutrition ESPEN 2021;46:73e86.

REVISÕES SISTEMÁTICAS E/OU META-ANÁLISES DE RCTS

A suplementação com n-3 tem um 
efeito positivo na massa 

muscular e força do quadríceps, 
embora a heterogeneidade e o 
tamanho pequeno dos estudos 
limitem a aplicabilidade desses 

achados.

Huaang YH, et al. 
Nutrients. 2020;12:3739.

A suplementação de n-3 em doses 
>2 g/dia pode aumentar a massa 

muscular e melhorar a velocidade de 
caminhada em idosos, especialmente 

após mais de 6 meses de intervenção, 
embora os benefícios gerais sejam 

modestos.

Meta-analysis

The effect of long chain omega-3 polyunsaturated fatty acids on
muscle mass and function in sarcopenia: A scoping systematic review
and meta-analysis

Julia K. Bird a, Barbara Troesch b, *, Ines Warnke c, Philip C. Calder d, e
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e NIHR Southampton Biomedical Research Centre, University Hospital Southampton NHS Foundation Trust and University of Southampton, Southampton,
SO16 6YD, United Kingdom
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s u m m a r y

Background & aims: Sarcopenia is characterized by the progressive loss of skeletal muscle mass and
function, which reduces mobility and quality of life. Risk factors for sarcopenia include advanced age,
physical inactivity, obesity, and chronic diseases such as cancer or rheumatoid arthritis. Omega-3 long
chain polyunsaturated fatty acids (LC PUFAs) might be associated with a reduction in risk of sarcopenia
due to their anti-inflammatory effects.
Methods: We conducted a systematic review and meta-analysis to quantify the effects of omega-3 LC
PUFAs on muscle mass, volume and function parameters. The National Library of Medicine's MEDLINE/
PubMed database was searched on 9th October 2020 for randomized controlled trials that used omega-3
LC PUFAs as an intervention with muscle-related endpoints. A snowballing search to identify additional
studies was completed on 23rd April 2021. The meta-analysis was conducted using meta-essentials
worksheet 3. Bias was assessed using the Jadad scale.
Results: 123 studies were identified with the systematic searches. Most studies were performed in
disease populations, such as cancer or chronic obstructive pulmonary disease (COPD), or in healthy in-
dividuals after a fatiguing exercise bout. The endpoints lean body mass, skeletal muscle mass, mid-arm
muscle circumference, handgrip strength, quadriceps maximal voluntary capacity (MVC), and 1-
repetition maximum chest press were selected for meta-analysis based on the number of available
studies; thus 66 studies were included in the quantitative synthesis. Using a random effects model and 2-
tailed p-value, there was a significant relationship in favor of omega-3 LC PUFA supplementation for lean
body mass (effect size 0.27, 95%CI 0.04 to 0.51), skeletal muscle mass (effect size 0.31, 95%CI 0.01 to 0.60)
and quadriceps MVC (effect size 0.47, 95%CI 0.02 to 0.93).
Conclusion: The results indicate that there is a positive effect of omega-3 LC PUFA supplementation on
overall body muscle mass and strength. Small study size and heterogeneity limit the applicability of
these findings for sarcopenia prevention. Larger trials in populations at risk of sarcopenia would
strengthen the evidence base.
© 2021 The Authors. Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Muscle mass and function are essential to good health and
quality of life. A number of conditions can result in loss of muscle
and its quality and function, including sarcopenia, cachexia, and
muscle disuse atrophy. Sarcopenia has been defined as “a

* Corresponding author.
E-mail addresses: info@birdscientificwriting.nl (J.K. Bird), barbara.troesch@dsm.

com (B. Troesch), ines.warnke@dsm.com (I. Warnke), pcc@soton.ac.uk (P.C. Calder).
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NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Effects of Omega-3 Fatty Acids on Muscle Mass,
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Abstract: There is increasing evidence showing the role of fatty acids and their derived lipid

intermediates in the regulation of skeletal muscle mass synthesis and function. However, the role

of omega-3 fatty acids remains unclear. Therefore, we conducted a meta-analysis to evaluate the

potential effects of omega-3 fatty acids on sarcopenia-related performances among the elderly. Eligible

literature and reports of randomized controlled trials were comprehensively searched from the PubMed,

Cochrane Library, ClinicalTrials.gov, and Cumulative Index to Nursing and Allied Health Literature

(CINAHL) databases until July 2018. A total of 10 articles were available for the meta-analysis.

There were minor benefits for muscle mass gain (0.33 kg; 95% CI: 0.05, 0.62) and timed up and go

performance (−0.30 s; 95% CI: −0.43, −0.17). Subgroup analyses regarding muscle mass and walk

speed indicated that omega-3 fatty acid supplements at more than 2 g/day may contribute to muscle

mass gain (0.67 kg; 95% CI: 0.16, 1.18) and improve walking speed, especially for those receiving more

than 6 months of intervention (1.78 m/sec; 95% CI: 1.38, 2.17). Our findings provide some insight

into the effects of omega-3 fatty acids on muscle mass, especially for those taking supplements at

more than 2 g/day. We also observed that a long period of omega-3 fatty acids supplementation may

improve walking speed.

Keywords: docosahexaenoic acid (DHA); elderly; eicosapentaenoic acid (EPA); omega-3 fatty acid;

n-3 PUFAs; sarcopenia

1. Introduction

Age-related musculoskeletal decline presents a significant risk for falls in the elderly [1] and

is becoming a major public health concern with fast-growing aging populations [2]. Sarcopenia

(a loss of skeletal muscle mass and function) is common with advancing age [3], and along with

frailty, is associated with severe adverse outcomes, including falls, fractures, hospitalization, and early

Nutrients 2020, 12, 3739; doi:10.3390/nu12123739 www.mdpi.com/journal/nutrients
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Abstract: Life expectancy is increasing and so is the prevalence of age-related non-communicable
diseases (NCDs). Consequently, older people and patients present with multi-morbidities and more
complex needs, putting significant pressure on healthcare systems. E↵ective nutrition interventions
could be an important tool to address patient needs, improve clinical outcomes and reduce healthcare
costs. Inflammation plays a central role in NCDs, so targeting it is relevant to disease prevention and
treatment. The long-chain omega-3 polyunsaturated fatty acids (omega-3 LCPUFAs) docosahexaenoic
acid (DHA) and eicosapentaenoic acid (EPA) are known to reduce inflammation and promote its
resolution, suggesting a beneficial role in various therapeutic areas. An expert group reviewed the
data on omega-3 LCPUFAs in specific patient populations and medical conditions. Evidence for
benefits in cognitive health, age- and disease-related decline in muscle mass, cancer treatment,
surgical patients and critical illness was identified. Use of DHA and EPA in some conditions is
already included in some relevant guidelines. However, it is important to note that data on the e↵ects
of omega-3 LCPUFAs are still inconsistent in many areas (e.g., cognitive decline) due to a range of
factors that vary amongst the trials performed to date; these factors include dose, timing and duration;
baseline omega-3 LCPUFA status; and intake of other nutrients. Well-designed intervention studies
are required to optimize the e↵ects of DHA and EPA in specific patient populations and to develop
more personalized strategies for their use.

Keywords: clinical nutrition; oral nutritional supplementation; DHA and EPA; long-chain omega-3
polyunsaturated fatty acids; inflammation; Alzheimer’s disease; immunonutrition; frailty; sarcopenia;
cancer cachexia

Nutrients 2020, 12, 2555; doi:10.3390/nu12092555 www.mdpi.com/journal/nutrients

Performance física em idosos 
• Dose: > 3 g/d (> 0,8 g de EPA) 
• Duração: > 3 meses

Troesch B, et al. Nutrients. 2020;12(9):2555.
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Effects of fruit and vegetable consumption on inflammatory
biomarkers and immune cell populations: a systematic literature
review and meta-analysis
Banafshe Hosseini,1 Bronwyn S Berthon,1 Ahmad Saedisomeolia,2,3 Malcolm R Starkey,1 Adam Collison,1

Peter AB Wark,1 and Lisa G Wood1

1Grow Up Well Priority Research Centre and Priority Research Centre for Healthy Lungs and, Hunter Medical Research Institute, University of Newcastle,
Newcastle, Australia; 2School ofMedicine,Western Sydney University, Sydney, Australia; and 3School of Nutritional Sciences and Dietetics, Tehran University
of Medical Sciences, Tehran, Iran

ABSTRACT
Background: Inflammation is associated with an increased risk of
a range of chronic diseases. A diet high in fruit and vegetables may
help to reduce inflammation, as fruit and vegetables are rich sources
of antioxidants and other biologically active substances, which may
improve immune function.
Objective: To summarize the evidence, we executed a systematic
review and meta-analysis examining the effects of fruit and/or veg-
etable intake on inflammatory biomarkers and immune cells in hu-
mans with different diseases and conditions.
Design: Electronic databases including PubMed, Cochrane,
CINAHL, and EMBASE were systematically searched up to
March 2018.
Results: Eighty-three studies were included. Of these, 71 (86%)
were clinical trials, and 12 were observational studies (n= 10 cross-
sectional and n = 2 cohort). Amongst the observational research,
n = 10 studies found an inverse association between intakes of fruit
or vegetables and inflammatory biomarkers. Similarly, the majority
of the intervention studies (68%, n = 48) reported beneficial effects
of fruit or vegetable intake on ≥1 biomarker of systemic or airway
inflammation. A meta-analysis of included studies showed that fruit
or vegetable intake decreased circulating levels of C-reactive protein
and tumor necrosis factor-α (P < 0.05) and increased the γ δ-T cell
population (P < 0.05).
Conclusions: In conclusion, this review suggests that higher intakes
of fruit and vegetables lead to both a reduction in proinflammatory
mediators and an enhanced immune cell profile. Am J Clin Nutr
2018;108:136–155.

Keywords: fruits, vegetables, antioxidants, inflammation,
immunity

INTRODUCTION

The relation between oxidative stress, inflammation, and
the risk of a wide range of chronic health conditions has been
frequently described in the literature (1–3). Inflammation is

essential for protecting the body against insult and injury.
However, when inflammation becomes persistent, the mediators
produced by activated immune cells can lead to tissue damage
and development of disease (3). A chronic inflammatory state
is characterized by increased levels of circulating inflammatory
biomarkers such as C-reactive protein (CRP), TNF-α, and IL-6
(4). Therapeutic strategies that target reducing inflammation
have the potential to dramatically reduce the burden of many
chronic diseases.

Sufficient fruit and vegetable (F&V) intake is one of the
cornerstones of a healthy diet, and may provide protection
against cardiovascular disease (CVD), several cancers, and other
chronic diseases (5). F&Vs are rich dietary sources of various
immune-protective substances such as fiber, folate, vitamins, as
well as non-nutrient phytochemicals, including carotenoids and
flavonoids, such as β-carotene, anthocyanins, flavanols, and fla-
vanones (6). These substances can have profound effects on cel-
lular growth and differentiation, and are needed for the optimal
functioning of the immune system (7).

Various studies have reported that a high F&V consumption
can decrease systemic inflammation (3). Some studies have ex-
amined the effect of F&V interventions on immune cell popula-
tions. Increased natural killer cell (NK cell) cytotoxicity and lym-
phocyte proliferation have been reported following consumption
of different F&V juices (8–10). In addition, some epidemiologic
studies have also reported that F&V intake is inversely associ-

Address correspondence to LGW (e-mail: lisa.wood@newcastle.edu.au).
Abbreviations used: CRP, C-reactive protein; CVD, cardiovascular dis-

ease; F&V, fruit and vegetable; GPR, G protein-coupled receptor; hsCRP,
high-sensitivity C-reactive protein; ICAM-1, intercellular adhesionmolecule-
1; iNOS, inducible nitric oxide synthase; MCP-1, monocyte chemotactic
protein-1; MD, mean difference; NK cell, natural killer cell; PBMC, pe-
ripheral blood mononuclear cell; sICAM-1, soluble intercellular adhesion
molecule-1; sVCAM-1, soluble vascular adhesion molecule-1; VCAM-1,
vascular adhesion molecule-1; WBC, white blood cell count.
Received December 15, 2017. Accepted for publication March 28, 2018.
First published online 0, 2018; doi: https://doi.org/10.1093/ajcn/nqy082.

136 Am J Clin Nutr 2018;108:136–155. Printed in USA. © 2018 American Society for Nutrition. All rights reserved.
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REVISÕES SISTEMÁTICAS COM META-ANÁLISE

Alimentos ricos em 
antioxidantes e suplementos 
antioxidantes melhora a força 

e a função muscular em 
adultos ≥ 55 anos

Hong SH, Bae YJ. 
Nutrients. 2024;16(11):1707.

O consumo de vegetais e frutas está 
significativamente associado a uma 
redução no risco de sarcopenia, 
com um efeito mais evidente em 

indivíduos ≥ 60 anos

Meta-analyses

Antioxidant-rich foods, antioxidant supplements, and sarcopenia in
old-young adults !55 years old: A systematic review and meta-
analysis of observational studies and randomized controlled trials
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s u m m a r y

Background & aims: Sarcopenia is a disabling muscular multifactorial disease involving the oxidation
process in old-young adults. We aimed to evaluate the relationship between antioxidant-rich foods (A-
RF) and sarcopenia (muscle mass, strength, and function) based on observational studies (OS), and to
assess the effectiveness of antioxidant interventions in !55-year-old adults via randomized controlled
trials (RCTs). Moreover, to confirm if the OS results were in accordance with the RCTs results.
Methods: We searched in the MEDLINE®/PubMed, Cochrane Library, and CINAHL databases from 2000 to
2020 about sarcopenia and specific nutrients/foods. The risk of bias was assessed and meta-analyses
were performed using the Review Manager program.
Results: The systematic review included 28 studies (19 OS, 9 RCTs), whereas the meta-analysis included 4
RCTs. Results of the systematic review of OS revealed that higher A-RF consumption was associated with
better sarcopenia outcomes. Results of the RCTs meta-analysis indicated that higher fruit/vegetable
consumption, supplementation with magnesium, and vitamin E plus vitamin D and protein significantly
reduced the time to complete 5 stands (mean difference; 95% CI; "1.11 s; 1.70, "0.51; p < 0.01). Addi-
tionally, including tea catechin supplementation significantly increased handgrip strength (1.02 kg; 0.60,
1.44; p < 0.01).
Conclusions: In sum, A-RF or antioxidant supplementation could be effective tools for sarcopenia,
especially improving muscle strength and function. The best interventions according to the meta-
analysis of the RCTs were supplementation of vitamin E in combination with vitamin D and protein,
magnesium, tea catechins, and increasing fruit and vegetable consumption.
Registration number: PROSPERO (CRD42020183045).

© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The elderly population undergoes biological changes
throughout the aging process [1] such as sarcopenia, which is a
multifactorial disease involving the oxidation process, character-
ized by progressive, generalized skeletal muscle disorder [2].

According to the recent revised consensus of the European
Working Group on Sarcopenia in Older People (EWGSOP2), 2019,
sarcopenia is defined by 3 criteria: 1) low muscle strength (MS)
based on grip strength (<27 kg for men, <16 kg for women); 2) low
muscle quantity or quality based on the appendicular skeletal
muscle mass (ASM) (the sum of the MM of the four limbs; <20 kg
for men, <15 kg for women); and 3) low physical performance
based on gait speed (#0.8 m/s) [2]. Thus, MS is the first parameter
used to diagnose probable sarcopenia because it is a more reliable
measure of muscle function and is better at predicting adverse
outcomes [2]. Sarcopenia diagnosis is confirmed by low muscle
quantity or quality [2]. Moreover, if the three criteria are identified
sarcopenia is considered severe [2]. The most used tools to assess
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Abstract: Previous studies have shown contradictory results regarding the association between
vegetable and fruit consumption and the risk of sarcopenia. We aimed to evaluate this association
using a meta-analysis, following the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines. We searched PubMed, EMBASE, and the Cochrane Library through July 2023
using related keywords. Pooled odds ratios (ORs) with 95% confidence intervals (CIs) were calculated
based on the random-effects model. We included 14 observational studies with 11 cross-sectional
and three cohort studies involving 6436 sarcopenias among 33,801 participants. Vegetable and fruit
consumption were significantly associated with reduced sarcopenia risk (OR, 0.61; 95% CI, 0.48 to
0.79; I2 = 59.8%). The association was significant in cross-sectional studies (OR, 0.64; 95% CI, 0.49 to
0.84; I2 = 56.3%; n = 11) but not in cohort studies (OR, 0.50; 95% CI, 0.22 to 1.11; I2 = 76.4%; n = 3).
Moreover, the association was significant in age �60 (OR, 0.64; 95% CI, 0.49 to 0.83; I2 = 58.0%; n = 10).
This meta-analysis suggests that eating vegetables and fruit reduces sarcopenia risk. However, as
cohort studies provide a higher level of evidence than case–control studies, further prospective cohort
studies should be conducted.

Keywords: sarcopenia; vegetable; fruit; meta-analysis

1. Introduction
Sarcopenia is a condition characterized by the gradual loss of muscle mass and strength

in skeletal muscles, and the risk of sarcopenia increases with age [1]. The prevalence
of sarcopenia is 8–36% in adults aged <60 years and 10–27% in those aged �60 years,
and the prevalence of severe sarcopenia in adults with an average age of 68.5 years is
2–9% [2]. Sarcopenia is closely related to disability in basic physical functions such as falls,
functional decline, and fractures [3,4], and to metabolic abnormalities such as diabetes
and hypertension [5,6]. It is also considered as a major predictor of all-cause mortality [7].
Therefore, the prevention and management of sarcopenia is crucial as the risk of sarcopenia
increases with age, and it is associated with other chronic diseases.

Factors associated with deterioration in muscle quantity and quality include chronic
diseases such as diabetes and stroke, which can lead to changes in muscle tissue [8], physical
inactivity [9], malnutrition [10], and dietary factors [11,12]. Changes in dietary intake can
affect muscle mass and function. Low protein intake [13], low energy intake [14], and
deficiencies in nutrients such as vitamin D and antioxidants are closely associated with
changes in muscle mass and function.

Recent studies have found an association between vegetable and fruit consumption
and sarcopenia [15,16]. Previous studies have shown that vitamin C and phytochemicals in
vegetables and fruits are beneficial factors for muscle synthesis and can enhance muscle
recovery [17,18]. Studies on the relationship between vegetable and fruit consumption
and sarcopenia have repeatedly reported on dietary patterns, including vegetables and

Nutrients 2024, 16, 1707. https://doi.org/10.3390/nu16111707 https://www.mdpi.com/journal/nutrients
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Abstract

Aging is often associated with a dysregulation of the immune system. We examined
mitogen-stimulated production of interleukin (IL)-2 and proinflammatory cytokines, IL-1!
and IL-6, in apparently healthy and generally well-nourished old versus young women.
Subjects were screened for health using the SENIEUR protocol and a panel of laboratory
tests for inflammation, as well as for the adequacy of nutritional status using criteria related
to undernutrition, and protein, iron, vitamin B12, and folate status. Young (n=26, age:
20–40 years) and old (n=44, age: 62–88 years) cohorts did not differ on the number of
circulating monocytes, granulocytes, B (CD19+ ) cells, and T (CD3+ , CD4+ , and
CD8+ ) cells. No differences (P!0.10) were seen between the two age groups in IL-2, IL-1!
and IL-6 levels in whole blood cultures at 48 h after stimulation with PHA (5 mg/l).
Furthermore, no age-related differences were noted in the absolute amounts (pg) of IL-1!
and IL-6 after normalizing for circulating monocytes, B cells, or T cells (P!0.10). Similarly,
no age-related decline in absolute amount of IL-2 (pg) after normalizing for circulating T
cells was noted (P!0.10). Thus, contrary to most previous reports, our results do not
support an increase in the production of proinflammatory cytokines IL-1! and IL-6, and a

www.elsevier.com/locate/mechagedev
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Em mulheres saudáveis e 
com estado nutricional 

adequado, NÃO se 
observou um aumento 

nas citocinas pró-
inflamatórias IL-1β e IL-6 

com a idade
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Abstract: Sarcopenia refers to the age-related loss of muscle strength and muscle mass, which is

associated with a reduced quality of life, particularly in older females. Resistance training (RT) is well

established to be an effective intervention to counter indices of sarcopenia. Accumulating research

indicates that the addition of creatine supplementation (Cr) to RT augments gains in muscle strength

and muscle mass, compared to RT alone. However, some evidence indicates that sex differences

may alter the effectiveness of Cr. Therefore, we systematically reviewed randomized controlled

trials (RCTs) investigating the efficacy of Cr + RT on measures of upper- and lower-body strength

and muscle mass in older females. A systematic literature search was performed in nine electronic

databases. Ten RCTs (N = 211 participants) were included the review. Overall, Cr significantly

increased measures of upper-body strength (7 studies, n = 142, p = 0.04), with no effect on lower-body

strength or measures of muscle mass. Sub-analyses revealed that both upper-body (4 studies, n = 97,

p = 0.05) and lower-body strength (4 studies, n = 100, p = 0.03) were increased by Cr, compared

to placebo in studies ≥ 24 weeks in duration. In conclusion, older females supplementing with

Cr experience significant gains in muscle strength, especially when RT lasts for at least 24 weeks in

duration. However, given the level of evidence, future high-quality studies are needed to confirm

these findings.

Keywords: aging; sarcopenia; body composition; exercise; ergogenic aids; dietary supplements

1. Introduction

Musculoskeletal aging is associated with a progressive reduction in muscle strength
(i.e., dynapenia) and muscle mass, which are hallmark characteristics of sarcopenia [1].
The reduction in muscle strength, which is the strongest predictor of health outcome
measures in older adults [2], occurs more quickly than the reduction in muscle mass [3,4].
Furthermore, muscle weakness is highly associated with physical disabilities, chronic
disease progression, and premature mortality [3]. Subsequently, the clinical importance of

Nutrients 2021, 13, 3757. https://doi.org/10.3390/nu13113757 https://www.mdpi.com/journal/nutrients

Dos Santos EEP, et al. Nutrients. 2021;13(11):3757.

Creatina em combinação com treinamento de 
resistência ⇧ força muscular em mulheres 

idosas, especialmente quando a intervenção 
dura ≥ 24 semanas, embora não tenha sido 
observada uma melhora na massa muscular. 

REVISÃO SISTEMÁTICA COM META-ANÁLISE DE RCTS
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1. Treinamento de força 3 a 4 x semana

2. Ingestão proteica total diária: 1,3 a 1,6 g/kg peso

3. Ingestão de proteína por refeição: ≥0,4 g/kg peso

4. Ingestão de Leucina por refeição: ~3 g

5. Dieta adequada com balanço energético 
apropriado e que forneça todos os nutrientes 
bem como compostos bioativos

6. Omega-3: 2 a 3 g de (EPA+DHA) / dia

7. Creatina: 3 a 5 g / dia OU 0,1 g/kg / dia
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