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Introduction

The Global Initiative for chronic obstructive pulmonary 
disease (COPD) defines COPD as a “common, preventable, 
and treatable disease characterized by persistent respiratory 
symptoms and airflow limitation that is due to airway and/or 
alveolar abnormalities, usually caused by significant exposure 
to noxious particles or gases” (1,2). The disease is associated 
with significant systemic effects. Skeletal muscle wasting, 
particularly in the limb muscles, is one of the most 
extensively studied (3,4) and results in loss of muscle 

strength (3,5-8), contributes to exercise limitation (9-12)  
and is a predictor of poor health related quality of life 
(HRQoL) (13), increased health care utilization (14) 
and poor survival (15,16) independently of the degree of 
airway obstruction (12). A number of pathophysiological 
changes, have been identified in the skeletal muscle of 
patients with COPD namely atrophy of muscle fibres (9), 
fibre type redistribution (17), bioenergetics alteration (17),  
capillarization modification (18), and changed mitochondrial 
function (19,20).
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The molecular mechanisms leading to skeletal muscle 
wasting are, to date, not fully comprehended and are 
likely to be multi-factorial. Several factors are thought to 
contribute to skeletal muscle wasting in COPD patients 
and may relate to muscle abnormalities characteristic of 
these patients. Among others, systemic inflammation (21), 
oxidative stress (22), cell hypoxia (23), accelerated ageing 
and cellular senescence (24-27), low physical activity 
levels (28), nutritional depletion (29) as well as loss of 
muscle protein have been reported as potential putative 
mechanisms.

The loss of skeletal muscle protein can result from the 
altered balance between muscle protein anabolism (protein 
synthesis) and catabolism (protein degradation). In the 
present review we discuss recent findings in muscle energy 
and protein balance in skeletal muscle of patients with 
COPD. We also address the role of nutritional support and 
exercise training as specific strategies to preserve muscle 
mass and function with a note on future research and 
clinical practice directions.

Skeletal muscle energy and protein balance in 
COPD

Skeletal muscle tissue undergoes continuous cycles of 
damage and repair. This muscle tissue remodelling is 
maintained by a tightly regulated protein metabolism and 
energy production processes, the efficiency of which will be 
reflected on the muscle mass.

Eighteen percent to 36% of COPD patients present 
muscle mass loss, which is responsible for weight loss, and 
is evident in 17% to 35% of COPD patients depending 
on the studied population (9,29-32). Six percent to 21% 
of patients with normal weight, indeed, present muscle 
wasting (9,29,30). These different COPD body composition 
phenotypes highlights the fact that impairment in protein 
and energy balance may occur simultaneously (leading 
to a depletion of both body fat and protein) or may be 
dissociated (i.e., preserved energy balance but negative 
protein balance leading to muscle wasting with preserved 
body weight) (33).

Loss of muscle mass in patients with cachexia can be 
explained by an increased energy expenditure not matched 
by adequate calorie intake (34). In turn, a decreased 
appetite combined with a hyper-catabolic state can also 
cause a negative nutrition balance and eventually a loss of  
weight (35). A reduction in calorie intake has been proposed 
as one potential mechanism leading to a catabolic state in 

COPD, as reported for acute exacerbations of COPD (36). 
In contrast, a reduction in calorie intake does not appear 
relevant in stable patients (36) but basal metabolism is 
increased (37), particularly in underweight patients (38). An 
increased oxygen uptake by the respiratory muscles is the 
classical explanation for the elevated energy expenditure 
characteristic of these patients (39). The increased oxygen 
consumption in relation to a specific task (40,41) and the 
increased energy expenditure during activities of daily 
life (42,43) can also play a role in the increased energy 
consumption in these patients. In addition, enhanced muscle 
protein turnover can also play a contributing role (44,45).

Skeletal muscle plasticity is remarkable. Muscle mass 
depends on a delicate equilibrium between protein synthesis 
and degradation. Skeletal muscle adapts to the functional 
demands by adjusting the balance between protein synthesis 
and protein breakdown. The capacity of the muscle to 
self-regenerate also influences this equation (27,46,47). 
The delicate equilibrium between protein synthesis and 
degradation is carefully regulated at a molecular level. An 
on-going imbalance in the processes of protein catabolism 
and synthesis is hypothesized to be the underlying 
mechanism leading to skeletal muscle wasting (48,49). 

Protein synthesis

Protein synthesis is a fundamental biological process that 
occurs in two major stages in the muscle cells. The first 
stage is initiated in the cell’s nucleus, where a specific 
section of deoxyribonucleic acid (DNA) is transcripted to 
ribonucleic acid (RNA). This RNA molecule moves to the 
cell cytoplasm, where the translation (into an aminoacid 
chain) stage takes place and the actual process of protein 
synthesis starts. Protein synthesis is regulated by a complex 
system. Growth hormone (GH) exerts a diverse array of 
physiological actions that include prominent roles in growth 
and metabolism with the stimulation of the insulin-like 
growth factor (IGF-1) synthesis playing a major role (50).  
Circulating GH levels have a critical impact on the 
signalling pathways involved in skeletal muscle protein 
synthesis (51). 

The IGF-1 pathway, mediated via AKT signalling 
pathway, has been recognised as a key mechanism to 
promote muscle growth (48,52). In animal models, IGF-
1 induce protein synthesis and restrain protein breakdown 
in a dose-dependent manner in muscles from burned and 
unburned rats (53).

Activated (phosphorylated) AKT promotes protein 
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synthesis. This action is mediated through phosphorylation 
of several proteins that results in the activation [70-kD  
ribosomal S6 protein (p70S6) kinase and rapamycin 
(mTOR)] or suppression [glycogen synthase kinase-3b 
(GSK3b)] of their action (54-56).

IGF-1 also down regulates atrogin-1 by promoting FOXOs 
phosphorylation suppressing protein degradation (55). IGF-1 
regulates GH release, such as in starvation conditions (48), but 
can also be affected by the nutritional and metabolic changes. 
COPD patients present low levels of circulating IGF-1 (48) 
that may relate to a reduction in muscle fibre diameter and 
hence muscle size (54).

Protein anabolism rests on the availability of essential 
amino acids (EAA). These, in turn, mediate intermediary 
metabolism. Therefore, analysis of the plasma levels 
of free amino acids may be useful for determining the 
characteristics of nitrogen metabolism and thus of protein 
malnutrition. Alterations in aminoacid metabolism and in 
plasma and muscle amino acid concentrations have been 
found in COPD patients. Previous studies have shown 
reduced plasma levels of branched-chain amino acids 
(BCAAs) [mainly leucine but also isoleucine and valine] in 
patients with COPD (57). 

In addition, plasma concentrations of BCAAs correlated 
with intracellular pH and phosphocreatine (PCr) index at 
the completion of exercise, suggesting that BCAAs affect 
muscle energy metabolism during exercise in patients with  
COPD (58). Levels of muscle BCAAs in stable COPD 
patients appears to be similar to those in healthy age-matched 
controls (59), but are reduced in underweight COPD patients 
in comparison to COPD patients with preserved weight (60). 

Plasma levels of phenylalanine and tyrosine amino acids 
have been reported in COPD patients to be either decreased, 
unaltered or increased (48,59,61-63). Plasma concentrations 
of alanine, glutamine and glutamate are reduced in patients 
with COPD with reduced body weight and FFM and 
moderate-to-severe airflow obstruction (59). In contrast, 
increased plasma concentrations of glutamine and glutamate 
were found in normal weight ambulatory patients with 
COPD (60), and higher glutamine concentrations in reduced 
body weight severe patients with emphysema (62).

The disturbance in skeletal muscle metabolism in these 
patients is highlighted by the changes observed in plasma 
and muscle concentrations of alanine, BCAAs, glutamine 
and glutamate (48). However, further studies investigating 
the regulation of amino acids transport between the muscle 
and the different organs will help to interpret the changes 
in these amino acids levels in COPD patients.

Protein degradation

The ubiquitin-proteasome pathway is the main suspect 
accountable for the majority of the accelerated degradation 
of muscle proteins in different conditions associated with 
muscle wasting (64). Muscle RING finger-1 (MuRF-1) 
and muscle atrophy F-box (MAFbx) have been studied 
in relation to the catabolism of skeletal muscle of COPD 
patients (65). Among others, nutrition and exercise 
training (muscle stimuli) are thought to affect MuRF-1 and 
MAFbx regulation. A recent study reported that ubiquitin-
proteasome system regulators (FOXO1 protein; p-FOXO3/
FOXO3), protein synthesis signaling (AKT1; p-GSK3B/
GSK3B; p-4E-BP1/4E-BP1), myogenic signaling (MYOG) 
were increased in COPD, and more prominently in those 
with sarcopenia, reflecting molecular alterations related to 
muscle repair and remodelling (66). 

Other protein degradation pathways have been suggested. 
Smith et al. reported that calpain activation in skeletal 
muscle disrupted the sarcomere and allowed the release 
of myofilaments, which are subsequently ubiquitinated 
and degraded by the 26S proteasome (67). Caspase-3 
activation has also been shown to cleave actomyosin 
providing substrates for the UbP system (68). Autophagy/
lysosomal pathways have been also counted as a protein 
degradation mechanism activated in coordination with 
ubiquitin proteasomal pathways (69). This pathway plays 
an important role in protein degradation in experimental 
models of muscle atrophy (70) and in vivo (71). We refer the 
reader to several reviews in this subject for a more extensive 
discussion on this topic (48,72-74).

Several inflammatory cytokines namely the tumour 
necrosis factor-α (TNF-α), interleukin (IL)-1, IL-6, and 
interferon gamma (IFN-γ) have been associated with the 
catabolic process with a varying relevance of each cytokine 
in different catabolic conditions (48,64,75). The association 
between inflammation and hormonal changes is also 
confirmed by data from studies using different experimental 
models (48). The administration of interleukin-1 and 
TNF-α in animal models is associated with a reduction in 
plasma levels of IGF-1 and reduced protein synthesis (48).  
Transient exposure of myoblasts (or myotubes) to TNF-α 
inhibits protein synthesis (76). Thus, the anabolic actions 
of IGF-1 on muscle protein synthesis may occur during 
catabolic states where TNF-α is over expressed (76). 
Systemic inflammatory response can impact on muscle 
protein metabolism by increasing demand for amino acids 
to synthesise acute phase proteins in the liver, and also by 



S1380

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(Suppl 12):S1377-S1389jtd.amegroups.com

Lakhdar and Rabinovich. Protein metabolism in muscle of COPD patients

the pro-inflammatory cytokines effect on muscle protein 
synthesis and degradation (48).

A close relationship between Metabolic Syndrome (MetS) 
and COPD has been described (77), which is associated with 
an increase in the levels of systemic inflammation and physical 
inactivity, irrespective of lung function impairment (77).

Vitamin D levels in both patients with MetS and COPD 
appeared to be reduced, suggesting a possible relationship 
between hypovitaminosis D and both diseases. A significant 
effect of cigarette smoking, the most common risk factor in 
COPD, was linked to vitamin D reduction regardless of the 
underlying disease (78).

Treatment options

The development of an effective treatment to revert 
muscle mass loss is yet to be achieved. There is, however, 
evidence of different strategies (i.e., hormonal or nutritional 
supplementation) aiming either at maintaining or increasing 
muscle mass in patients with COPD that showed promising 
results. In turn, different exercise-based training modalities 
have been successfully used to improve muscle dysfunction 
characteristic of patients with COPD. These modalities 
include aerobic and/or resistance training, high-intensity 
interval training, electrical or magnetic muscle stimulation, 
whole-body vibration, and water-based training. Muscle mass 
improvement has been described in association to exercise 
training in stable patients with COPD (79). In the following 
section we briefly reviewed the most relevant therapeutic 
interventions with clinical relevance to these patients.

Hormonal and nutritional support in COPD

The effect of nutritional support in COPD patients has 
shown controversial results but appears to be in-effective 
for improving weight in studies where patients were not 
stratified according to their nutritional status (80). A meta-
analysis found that most of the studies included showed 
no beneficial effects of nutritional supplementation while 
some reported minor increase in body weight and physical 
function of unclear clinical relevance (81). The combination 
of a multifactorial pathogenesis, different phenotypes and 
the existence of associated comorbidities may explain this 
lack of consistent results and further research considering 
these aspects needs to be conducted. 

Interestingly, the absence of any response to nutritional 
support has been linked to elevated levels of systemic 
inflammation markers (82). Moreover, nutritional support 

improved survival in those patients who gained more than 
2 kg of weight (80) or 1 kg·m−2 of BMI (83). As a further 
matter, when specifically poorly nourished patients were 
targeted, nutritional support showed a positive effect in 
maintaining and improving weight gain, increasing fat free 
mass (FFM), fat mass (FM), 6-minute walk distance and 
skinfold thickness (84,85). 

Several studies have investigated the effect of proteins 
[branched chain amino acid (BCAAs), EAA], high fat, 
high calories, omega-3 and 6 polyunsaturated fatty acids 
(PUFA), antioxidants, vitamin D, C and E, GH and IGF, 
testosterone and other anabolic steroids and drugs in 
patients with COPD.

Proteins: BCAAs and EAAs

Although several studies have shown changes in plasma 
concentrations of amino acids in COPD patients, only few 
studies investigated the effect of BCAAs and EAAs nutrition 
support in these patients. BCAAs supplementation by soy 
protein enhances whole-body protein synthesis in COPD 
patients and alters inter-organ protein metabolism in favour 
of the peripheral (muscle) compartment in healthy elderly 
and even more in COPD patients (86). 

It has been reported that low plasma BCAAs in COPD 
results from a low leucine concentration and altered leucine 
metabolism in these patients, associated with low FFM 
and increased insulin concentrations (57). Interestingly, 
leucine up-regulates protein synthesis in skeletal muscle 
by enhancing both the activity and synthesis of proteins 
involved in mRNA translation (87).

Oral supplementation of EAAs in 32 patients with 
severe COPD and sarcopenia produce a positive effect 
on muscle energy metabolism; blood oxygen tension, 
physical autonomy; cognitive function, and perception 
of health status in these patients (88). Another study 
demonstrated that in severe COPD patients unable to 
participate in a pulmonary rehabilitation programme, EAAs 
supplementation contributed to improving their daily-life 
performance, quality of life (QoL); nutritional and cognitive 
status as well as muscle strength (89).

High fat, high calories, omega-3 PUFA

Study assessing the efficacy of a high-fat, low-carbohydrate 
(CHO) nutritional supplement in COPD patients showed 
a significant improvement in their pulmonary function in 
comparison with the traditional high CHO diet (90).



S1381Journal of Thoracic Disease, Vol 10, Suppl 12 May 2018

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(Suppl 12):S1377-S1389jtd.amegroups.com

De Batl le  and col leagues (91)  invest igated the 
relationship between dietary intake of omega-3 and 
omega-6 PUFA and serum inflammatory markers in tow 
hundred and fifty clinically stable COPD patients. They 
found that α-linolenic acid (an omega-3 fatty acid with anti-
inflammatory properties) was associated with lower TNF-α 
concentrations. 

Systemic low-grade inflammation, a feature of COPD, has 
been associated with increased plasma levels of acute phase 
proteins such as leptin (34), suggesting a relationship between 
the metabolic changes and the systemic inflammatory 
response in COPD. Leptin is an adipose tissue protein 
involved in the stimulation of appetite, dietary intake and 
energy expenditure. The poor response to nutritional support 
in some of the cachectic patients may be related to cytokine-
leptin link and may open a novel approach in combating this 
significant comorbidity in COPD (34).

Vitamin D supplementation

Vitamin D deficiency is common in patients with COPD 
and relates to a lower FEV1, impaired immunologic control, 
increased airways inflammation, reduced endurance shuttle 
walk time and higher dropout rates from pulmonary 
rehabilitation (92,93). Only a few studies have investigated the 
role of vitamin D supplements in patients with COPD. High 
dose vitamin D supplementation during rehabilitation may 
have mild additional benefits to training (94). In another study, 
high-dose vitamin D supplementation showed a significant 
reduction in exacerbations in patients with severe vitamin D 
deficiency [serum 25-(OH)D levels <10 ng/mL], but not in 
those with higher circulating levels of vitamin D (92).

Antioxidants

Maintaining increased serum concentrations of dietary 
antioxidant vitamins and selenium may improve lung 
function (95). Serum levels of antioxidant vitamins, 
selenium, calcium, chloride, carotenes and iron were 
associated with higher FEV1 values in an independent 
manner (95,96). Dietary intake patterns with increasing 
fruit, vegetables, fish, vitamin E, and whole grains in the 
diet has been associated with a decreased development 
of COPD in smokers and non-smokers, higher levels of 
FEV1, and decreased long-term COPD mortality (96). In 
addition, allopurinol, an xanthine oxidase inhibitor reducing 
reactive oxygen species (ROS) production, decreases blood 
glutathione oxidation and lipid peroxidation in COPD 

patients after exhaustive exercise (97).
Cyclooxygenase inhibitors and antioxidants (alpha-lipoic 

acid, carbocysteine lysine salt ,vitamin E, vitamin A and 
vitamin C) administration significantly increased the body 
weight lean body mass and appetite in patients with cancer 
cachexia (98). 

N-acetylcysteine (NAC), a drug that supports glutathione 
synthesis, has been shown to lessen oxidation of cellular 
constituents and delay muscle fatigue (99). In a double-
blind, randomised study in healthy individuals, NAC 
attenuates muscle fatigue via improved potassium regulation 
during prolonged, submaximal endurance exercise (100). 
These have not been explored in COPD and may be a 
promising area for further research.

GH and Insulin growth factor

GH supplementation, its impact on muscle atrophy and its 
role on protein catabolism, have been studied in COPD 
with heterogeneous results. Subcutaneous injections of 
recombinant methionyl human GH (0.05 mg/kg daily) to 
malnourished patients with COPD showed a substantial 
weight gain during the first week of GH treatment, improved 
nitrogen balance and maximal inspiratory pressure (101). 
Daily administration of 0.15 IU/kg recombinant human 
growth hormone (rhGH) for 3 weeks increased lean body 
mass, however fail to impact muscle strength or exercise 
capacity in COPD patients with weight loss (102). However, 
the combination of GH and exercise training showed an 
increment in lean body mass not seen in the group receiving 
only exercise training (103). 

There is still little information available regarding IGF 
levels in COPD (103). IGF-1 low levels in stable COPD 
patients are consistent with the believe that the GH axis is 
suppressed by chronic diseases (103).

Studies investigating the effect of GH as promoter of 
protein synthesis documented a modest gain in muscle mass 
in patients with COPD (102,104) and proposed GH anabolic 
stimuli as an effective therapeutic strategy without causing 
adverse side effects. However, the GH is expensive, should be 
administered several times a week and its impact on muscle 
function is still to be elucidated. Further controlled studies 
of a larger patient group are needed to clarify the functional 
efficacy of GH in patients with COPD.

Testosterone and other anabolic steroids

Testosterone and other similar anabolic hormones induce 
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an anabolic response in the muscle. This effect is mediated 
through the androgen receptor and by inhibiting the protein 
catabolic processes (48). This results in hypertrophy with 
an increase synthesis of actin and myosin heavy chains via 
somatomedin (48). Casaburi and colleagues found that men 
with COPD have high prevalence of low testosterone levels, 
which may contribute to muscle weakness (105). They 
showed that testosterone supplementation increased the 
lean body mass by an average of 2.3 kg when injected alone 
and 3.3 kg when combined with resistance training (105).  
A randomized controlled trial investigating the physiologic 
effects of nutritional intervention alone or combined with 
the anabolic steroid nandrolone decanoate showed that 
nutritional supplementation in combination with a short 
course of anabolic steroids improve FFM and respiratory 
muscle function in underweight patients with COPD (104).  
The effects of oxandrolone, an adjunct to help restore weight, 
were evaluated in patients with COPD. This testosterone 
analogue was found effective to facilitate weight restoration 
in these patients and the weight gain was primarily lean body 
mass (106).

However, due to its possible adverse effects, testosterone 
supplementation is not routinely recommended in COPD. 
Moreover, the clinical impact of testosterone on exercise 
tolerance, QoL, and survival is unknown as the available 
studies are only short term (4).

Other anabolic drugs and bioactive nutrients

Several pharmacologic agents have been described as 
anabolic agents as they have the potential to form complex 
macromolecules that store energy.

Administration of Megestrol acetate, a progestational 
appetite stimulant, showed an increased appetite and 
body weight, and stimulated ventilation, in underweight 
COPD patients, however this stimulation did not improve 
respiratory muscle function or exercise tolerance (107).

The administration of Creatine improves muscle strength 
in exercising healthy individuals, and in patients with 
neuromuscular disease and heart failure (108). However, 
a systematic review and meta-analysis found that creatine 
supplementation does not improve exercise capacity, muscle 
strength or HRQoL in patients with COPD receiving 
pulmonary rehabilitation (108).

The effects of combining L-carnitine with a combination 
of exercise training and inspiratory muscle training 
improved exercise tolerance and inspiratory muscle 
strength in COPD patients, as well as reducing lactate 

production during exercise (109). For further discussion of 
the nutritional supplementation and its effect on COPD 
patients, we draw the attention of the reader to excellent 
reviews on this subject (110,111).

A short mention should be made regarding inhibition 
of protein degradation that can, in the future, complement 
strategies to stimulate protein anabolism. In this regard, 
some studies have investigated the potential beneficial 
role of protein degradation inhibition on muscle mass 
in experimental models. The incubation of rat skeletal 
muscle in the presence of hibernating bear plasma showed a 
decrease of proteolytic rate attributed to α2-macroglobulin, 
a non-specific protease inhibitor, present in higher levels 
in the winter bear plasma (112). The treatment of human 
myotubes with winter bear serum showed a significant 
inhibition of proteolysis and a slight decrease in protein 
synthesis with a subsequent improvement in protein 
content in these cells (113). These studies suggest that the 
identification of trans-species circulating components that 
maintain muscle mass may offer novel solutions to prevent 
and reverse human muscle mass loss.

Exercise training in COPD

Sedentary life style and the subsequent physical inactivity 
are counted as important contributing factor to muscle 
wasting and dysfunction in patients with COPD. Exercise 
training, is considered as the cornerstone of pulmonary 
rehabilitation and regarded as the best available treatment 
to improve muscle function in COPD patients. Many 
studies have assessed the relevance of exercise training on 
skeletal muscle structure and function (114,115). Exercise 
training lead to a reduction of the percentage of type II 
fibres (116-118), increase in oxidative capacity (41,116-121)  
with a reduction in early lactate release during exercise 
(119,120) and an increase, although modest, in mid-
thigh muscle cross-sectional area (105) and FFM (122).  
These adaptations to exercise training are related to an 
up-regulation of key factors governing skeletal muscle 
regeneration and hypertrophy such as IGF-1, mechano-
growth factor (MGF) and MyoD (105,116,118,123), 
and an increase in satellite cells numbers (124) together 
with down-regulation of myostatin (115,125). Moreover, 
exercise training appears to down-regulate the activity of 
protein breakdown pathways such as NF-κB–activated UbP 
pathway (116).

The effect of exercise training on muscle and systemic 
inflammation and oxidative/nitrosative stress is controversial 
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with studies showing no impact on the levels of systemic or 
local muscle inflammation (118,123) and others showing a 
preventive effect of exercise training on systemic and muscle 
oxidative stress in severe COPD patients (126). 

A significant reduction in most muscle amino acid levels 
after exercise was reported, whereas plasma levels of the 
amino acids were increased, suggesting enhanced amino acid 
release from the muscle during exercise in these patients (61).  
The authors conclude that exercise alters amino acid 
(intermediary) metabolism in patients with COPD 
independently of the presence of muscle wasting (61). 

Irrespective of the induction of exercise-induced oxidative/
nitrosative stress (127,128) or the significance and direction 
of changes in the expression of local muscle inflammatory 
mediators (116,118,128) or aminoacid release, exercise 
training results in an improvement in muscle function 
(strength, endurance, and fatigability) (122,129-133). Better 
muscle function results in an improvement in exercise 
tolerance, QoL, and reduced dyspnoea and muscle fatigue 
(134,135). The higher intensity of the training the greater its 
effect (136). 

Combining exercise training and nutritional 
support in COPD

Combination of nutrit ional/anabolic support and 
exercise training can be a robust approach to obtaining 
improvements in patients with COPD with some studies 
supporting this approach (137). 

The use of an anti-inflammatory nutritional supplement 
that contains whey peptide, a protein complex derived 
from milk, has the ability to act as an antioxidant, anti-
tumour, and antiviral agent. The whey peptide was found 
to have an anti-inflammatory effect when administered 
alongside with exercise therapy in stable aged patients with 
COPD, inhibited systemic inflammation and increase body 
weight thereby improving exercise tolerance and HRQoL 
(138,139). However, the nutrition support interventions 
in the same study did not modify significantly the systemic 
inflammatory and oxidative stress markers that were 
assessed (139). A study assessing the degree of systemic 
inflammation and the modifications in the concentrations 
of systemic C-reactive protein, TNF-α, IL-6 and IL-8, 
before and after the combination of a nutritional support 
with low-intensity exercise showed that this combination 
was a successful strategy to enhance weight and energy 
intake as well as exercise capacity and HRQoL (137).  
Furthermore, major inflammatory cytokines levels 

decreased significantly after combining nutritional support 
with low-intensity exercise training (137).

Conclusions, future research and clinical 
practice directions

The imbalance between the protein degradation and 
synthesis leading to muscle wasting in COPD is a complex 
physio-pathogenic feature with the underlying molecular 
mechanisms still to be fully elucidated.

Although the effect of nutritional supplementation 
in COPD is controversial, the lack of effect seems to 
relate to the levels of systemic inflammation. Moreover, 
it has been shown to be effective in selected patients (i.e., 
malnourished) and, when a gain in weight is achieved, it 
is associated with a more favourable outcome. Similarly, 
specific supplements such as EAAs have shown positive 
effects when sarcopenic patients are targeted, alone or in 
combination to PR. Supplementation of vitamin D has 
shown modest effects, although, further research is needed 
in this field to recommend routine use. Some studies 
have shown a positive effect of antioxidants on exercise 
tolerance, but the evidence is scarce and further studies are 
encouraged in the field.

Hormone supplementation (i.e., GH), anabolic drugs 
and appetite stimulants lead to modest effects on body 
composition with little transference to improvements in 
exercise capacity. The cost, frequency of administration 
required, potential adverse effects for some of the 
components and lack of transference of effects to exercise 
tolerance, require further studies to gain more insight in 
this field.

A more targeted approach might be required to make the 
most of the several potentially beneficial interventions in 
relation to the specific patient’s characteristics.

Exercise training is regarded as the best strategy 
to improve muscle function in patients with COPD 
and is associated with modest increase in muscle mass. 
Long programs with high intensity stimuli produce the 
greatest benefits. Future efforts in exploring the effects of 
different training modalities in COPD, together with the 
determination of the optimum intensity and duration of 
training, may help to develop tailored exercise programmes 
matched to the needs of each individual.

Few studies combining exercise and supplements have 
shown potential effects in levels of circulating inflammation, 
body weight and exercise capacity. Further studies assess 
the nutritional support and exercise training modalities, 
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each alone and in combination, are needed to improve 
the clinical course of COPD. Increased dietary intake can 
compensate for elevated energy requirements; however, 
uncontrolled protein breakdown cannot be overcome by 
increasing protein synthesis alone. Understanding whether 
a reduction in muscle mass is a consequence of a reduction 
in protein anabolism, or an accelerated protein breakdown, 
or a combination of both, is crucial in the identification 
of the molecular pathways and direct treatments (48). A 
better understanding of the interrelation between protein 
degradation and synthesis in muscle, as well as in the other 
organs, and the implication of dietary intake in protein 
metabolism will be important.

 Large scale studies involving well characterised 
populations and considering the co-morbidities of the 
patients are needed to elucidate the interrelations of dietary 
intake, low-grade systemic inflammation, body composition 
and physical activity characteristic in COPD and improve 
patient’s clinical management.
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