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Abstract 

Limb muscle dysfunction in patients with COPD may be associated with local muscle and/or 

systemic inflammation, and therefore, we investigated whether exercise training altered 

markers of inflammation and oxidative stress. We obtained vastus lateralis muscle biopsies 

and venous blood samples from patients with COPD (n=30) before and after 8 weeks of 

resistance training (RT) (n=15) or endurance training (ET) (n=15). Healthy age-matched 

subjects were included as baseline controls (n=8). Inflammatory markers in muscle and 

systemically were determined by interleukins (IL), tumour necrosis factor alfa (TNF-α), 

leukocyte concentration together with immunohistochemical staining for macrophages. 

Muscle oxidative stress and antioxidant capacity were determined by NADPH oxidase 

(NOX) and superoxide dismutase 2 (SOD2), respectively. Before exercise training, COPD 

patients had a higher muscular NOX protein content and circulating IL-8, IL-18, CRP and 

leukocyte levels but a similar number of muscle-infiltrating macrophages compared with 

controls. Eight weeks of ET or RT increased muscle SOD2 content with no difference 

between groups. Plasma TNF-α, increased (P<0.05) after ET and tended to (P=0.06) increase 

after RT, but had no effect on muscular NOX protein content, number of muscle-infiltrating 

macrophages or systemic levels of other pro-inflammatory cytokines or leukocytes. 

In patients with COPD, we found no evidence for muscular inflammation and no effect of 

exercise training. However, systemic inflammation was elevated in COPD and both training 

modalities induced an upregulation of muscle antioxidant capacity.  

Key words: muscle dysfunction, inflammation, oxidative stress, rehabilitation.  

 

Introduction 

Skeletal muscle dysfunction, characterised by muscle wasting, reduced muscle strength and 

endurance is an important manifestation of chronic obstructive pulmonary disease (COPD) . 

The impaired muscle function leads to reduced exercise tolerance, health-related quality of 

life, and survival . The aetiology is not completely understood but systemic inflammation, 

oxidative stress, and deconditioning have been suggested to be causal factors in the 

progression of the COPD-related muscle dysfunction (3, 4).  
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This elevated inflammatory status in COPD is probably accompanied by systemic oxidative 

stress and an impaired antioxidant system capacity (5, 6). The enzymes xanthine oxidase and 

NADPH oxidase (NOX) may be responsible for the elevated production of reactive oxygen 

species (ROS) in COPD, whereas the mitochondrial antioxidant enzyme superoxide 

dismutase 2 (SOD2) counteracts the ROS production (7, 8). Patients with moderate-to-severe 

COPD show higher ROS production than age-matched healthy subjects, both at rest and 

during exercise (4, 9). Elevated ROS may acutely increase muscle fatigue, and chronically 

contribute to the development of muscle dysfunction in COPD (4, 5, 10, 11). 

Exercise training improves symptom burden, exercise capacity and peripheral muscle 

function at all stages of COPD (12-14). The anti-inflammatory effect of exercise training is 

well established in healthy and patients with cardiovascular diseases. Physical activity 

suppresses systemic inflammation through local muscle release of myokines, however this 

effect remain unclear in COPD patients (6, 15, 16). Endurance training (ET) has long been 

preferred as an exercise modality in the pulmonary rehabilitation. However, specific muscle 

stimulation with resistance training (RT) has been thought to target the muscle dysfunction, 

while inducing the same positive effects on disease burden and exercise capacity (12, 17). 

To our knowledge, a comparison between the effect of resistance training and endurance 

training on local muscle and systemic inflammation has not been studied in COPD. Hence, it 

remains unclear whether the effects of resistance training are similar to those of endurance 

training. Therefore, the primary aim of the present study was to evaluate the effect of ET 

compared with RT on cytokines and leukocytes in circulation and in quadriceps muscle of 

COPD patients. Secondly, we evaluated the influence of the two training regimes on 

quadriceps muscle protein levels of the pro-oxidant enzyme NOX and the antioxidant enzyme 

SOD2. We hypothesized that the degree of inflammation at the systemic and muscular level 

would differ between the two training modalities in parallel with reductions in oxidative 

stress. Specifically we expected RT to induce local muscle damage with subsequently 

immune cell-infiltration in muscle. In contrast, we anticipated that ET would induce a more 

systemic anti-inflammatory effect with less immune cell-infiltration in muscle.  
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Materials and methods 

Participants and ethical approval 

The trial was approved by the Ethics Committee of Copenhagen Region (H-2-2013-150), 

registered on ClinicalTrials.gov (NCT02050945), and conducted in accordance with the 

Declaration of Helsinki. Oral and written informed consent was obtained from all subjects 

before enrolment. 

This study was part of a larger project involving thirty patients with moderate to severe 

COPD . Eight age-matched, sedentary subjects previously studied in our laboratory  were 

included as baseline controls. COPD patients (age 63±2 yrs.; body mass index (BMI) 27±1 

kg·m-2; fat free mass index (FFMI) 17.3±0.5 kg·m-2; systolic blood pressure (BP) 138±4 

mmHg and diastolic BP 89±3 mmHg) encompassed a broad spectrum of disease severity. 

Patients were characterized by moderate to severe airflow limitations (FEV1 56±3% of 

predicted value (range 26-79% predicted)), with extensive respiratory symptoms (COPD 

Assessment test (CAT) score 13±1) and limited exercise tolerance (VO2peak 21±1 ml·kg-

1·min-1) (Table 1) . Comorbidities of patients included diabetes (n=3) hypertension (n=12) 

and ischemic heart disease (n=3). Patients received individually tailored medication 

consisting of β2-agoinsts, corticosteroids, anticholinergics, antiplatelet drug, and diuretics. 

Medical therapy did not change during the study period.  

Healthy sedentary control subjects (age 64±3 yrs.; BMI 25±1 kg·m-2; FFMI 18.7±0.7 kg·m-2) 

demonstrated normal pulmonary function (FEV1 110±3% predicted), respiratory symptoms 

(CAT score 4±1), blood pressure (systolic BP 136±3 mmHg, diastolic BP 84±2 mmHg), and 

exercise tolerance (33±3 ml·kg-1·min-1)  (Table 1).  

 

Intervention 

Patients were randomised into an ET (n=15) and an RT (n=15) group. Two patients in RT 

group were lost to follow-up after the intervention do to an exacerbation (n=1) and neck pain 

(n=1) during training. Both groups performed 35 minutes of supervised exercise, 3 times a 

week for 8 weeks. ET consisted of either ergometer cycling or treadmill walking at moderate 

intensity individually adjusted to level 14-15 on the Borg scale of perceived exertion (20). RT 

consisted of 4 strength exercises of the major upper and lower body muscle groups (chest 

press, rowing, leg press, and leg extension), and were performed on resistance machines 

(Technogym, Cesena, Italy). Each exercise included 4 sets with duration of 30 seconds with a 

20-second break between sets and a 60-second break between exercises. Load was 30-40% of 
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one repetition maximum (1 RM). 1-RM was determined by the greatest amount of weight 

that the subject could move in a single repetition. Prior to performing the 1-RM test, all 

participants performed one set of each exercise without any load for familiarisation 

 

 

Exercise capacity 

Exercise capacity was determined by peak oxygen uptake (VO2peak) and a 6-minute walking 

test. Subjects completed an incremental cycling test on a cycle ergometer (Monark 839E, 

Monark) with continuous measurement of oxygen uptake (CPET; Cosmed, Rome, Italy). The 

test consisted of 5 minute of unloaded pedalling followed by incremental steps of 10 W per 

minute until volitional exhaustion (Wmax). VO2peak is reported as the highest value averaged 

more than 20 seconds during the incremental test. The 6-minute walking test was performed 

between 2 cones that were 30 m apart. The subjects were instructed to walk the greatest 

distance possible in 6 minutes, at a self-determined walking speed and resting as needed .  

 

Blood samples 

Blood samples were collected 48 hours before and after the last exercise training of the 

training intervention. The samples were analysed for immune cells and CRP with standard 

laboratory assays (Department of Clinical Biochemistry, Rigshospitalet, Denmark). For 

analysis of pro-inflammatory cytokines, samples were immediately centrifuged at 3500 g for 

10 min at 4°C and the plasma was stored at -80°C until analysis. Plasma concentration of 

interleukin (IL)-1β, IL-6, IL-8, IL-18, and tumour necrosis factor-α (TNF-α) were measured 

using cytokine immunoassay kits (Meso Scale Discovery, MD, USA). All were analysed in 

duplicates, the average is presented.  

 

Muscle biopsies 

On the same experimental day, after the blood samples were collected, a biopsy was obtained 

from the m. vastus lateralis of the non-dominant leg with percutaneous needle biopsy 

technique  after local anaesthesia (lidocaine 2%) of the skin and muscle fascia. Biopsies were 

separated; one part for protein analysis was immediately frozen in liquid nitrogen, and the 

second part for immunohistochemistry was mounted in Tissue-Tek® O.C.T.TMCompound 

(Sakura Finetek USA, Inc., Torrance, CA, USA) and frozen in isopentane precooled in liquid 

nitrogen.  
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Immunohistochemistry 

The distribution of macrophages per muscle tissue area within the skeletal muscle was 

determined immunohistochemically using a monoclonal antibody specific to the macrophage 

(M1 and M2) CD163 receptor (Cat#: MA5-17716, Thermo Fisher Scientific Inc., MA, USA). 

Frozen muscle biopsies were cut at 8 μm and fixed in -20°C acetone followed by 2% 

formaldehyde (F1635; Sigma-Aldrich Co., Sigma, MO, USA). The sections were blocked 

with 1% bovine serum albumin (A7906; Sigma-Aldrich Co.) and incubated with primary 

antibody diluted 1:500 in antibody diluent (Dako, code no. S0809) and secondary antibody, 

biotinylated rabbit-anti mouse immunoglobulin (Dako, code no. E0354). The staining was 

visualized by addition of Alexa Flour® 488 conjugated avidin (A21370, Life Technologies, 

Thermo Fisher Scientific Inc., MA, USA) The sections were mounted using Mounting 

Medium for Fluorescence with Dapi (Cat no. H-1200, Vector Laboratories Inc., Burligame, 

CA) to detect cell nuclei and stored at -20°C until visualized through a light microscope 

(Axioplan 2 Imaging; Zeiss) connected to a high-resolution camera (CoolSNAP; 

Photometrics, Tucson) and analysed using ImageJ 1.51 (National Institutes of Health, USA). 

Results corresponding to inflammatory cells count were expressed as the ratio of 

macrophages to total muscle section area in square millimetres. A total area of 282 mm2 was 

counted.  

 

Quantification of protein expression by Western blot 

Biopsies were freeze-dried and dissected free from fat, blood and connective tissue. 

Approximately 5 mg dry weight of muscle tissue was homogenized in lysis buffer. The 

protein concentration of the lysate samples was measured (colorimetric assay; Bio-Rad 

Laboratories Inc., Hercules, CA, USA) to ensure equal sample concentrations. Lysate was 

diluted in 6 x sample buffer to a final concentration of 1.35 μg/μl. Equal amount of total 

protein was loaded from each sample onto the gels in accordance to the antibody optimization 

(detailed antibody description is available in the supplementary material). Samples from one 

subject (before and after training) were loaded on the same gel in duplicates. Proteins were 

transferred onto the polyvinylidene fluoride (PVDF) membrane (Trans-Blot; Bio-Rad 

Laboratories Inc.). Membranes were then blocked with blocking buffer (Bovine Serum 

Albumin (BSA) or milk powder) and incubated overnight at 4°C  with the primary antibody 

followed by 1 hour of incubation with secondary antibodies (HRP AP IgG; Jackson 

ImmunoResearch Laboratories Inc., USA). The bands were visualized in a Bio-Rad 
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molecular Imager, ChemiDoc TMXrs+ Imaging System (Bio-Rad Laboratories Inc., USA) and 

quantified by Image Lab version 4.0 build 16 (Bio-Rad Laboratories, USA), the protein 

content was expressed in arbitrary units relative to standard samples run on each gel. The 

membranes were analysed for glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and 

actin as a loading control after inactivation of peroxidase activity and re-probing with anti 

GAPDH and actin antibody. 

 
Quantification of cytokines in muscle 

Concentrations of cytokines in the muscle lysate were detected using human pro-

inflammatory kits (Meso Scale Discovery, MD, USA). Muscle lysates were added onto the 

plates and assays were analysed according to the protocol of the manufacturer. Samples from 

one subject (before and after training) were loaded on the same kit in duplicates. 

Concentration of IL-1β, IL-6, IL-8, and TNF-α were measured by Proinflammatory Panel II 

immunoassays (V-PLEX Human Proinflammatory Panel II, (4-plex), catalogue no. 

K15053D-1, Meso Scale Discovery, MD, USA) whereas IL-18 was measured by IL-18 

immunoassays (Human IL-18 Assay, catalogue no. K151MCD-2, Meso Scale Discovery, 

MD, USA). Cytokine concentrations in muscle lysate were subsequently normalized to the 

protein concentration in the lysate due to different protein concentration of the samples. Due 

to methodological problems, we could not quantify muscle cytokines in the healthy control 

group. 

 

Statistics 

A one-way analysis of variance test was used to detect differences between groups (ET group 

vs. RT group vs. controls) at baseline. Kruskal-Wallis H test was used for data that were not 

normally distributed. A paired Student’s t-test was used to detect differences within training 

groups (pre vs. post training) and if assumptions of normality failed Wilcoxon signed-rank 

test was used. A Student’s t-test was used to detect differences in delta values between 

training groups (Δ-ET vs. Δ-RT) and if assumptions of normality failed Mann-Whitney U test 

was used. Data were analysed using SigmaPlot (v 11.0; Systat Software, San Jose, CA, 

USA). The significance level was set at P<0.05. Results are presented in mean and standard 

error of mean (SEM) or median with interquartile range (IQR).   

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Results 

Baseline characteristics 

Age, BMI, and blood pressure were not significantly different between COPD and control 

subjects (P>0.05). At baseline COPD patients had higher symptom burden measured by the 

mean COPD assessment test score (CAT score), lower 6-minutes walking distance, and lower 

maximal workload compared with control subjects (P<0.05). A total of 7 out of 30 COPD 

patients showed low fat free mass index (FFMI) (≤16 kg·m-2 in men and ≤15 kg·m-2 in 

women) but normal BMI (≤21 kg·m-2) indicating some degree of muscle atrophy . In the 

control group one subject had a low FFMI and low BMI (Table 1). At baseline COPD 

patients with low FFMI had higher CAT score, lower 6MWD, lower absolute VO2peak, and 

lower maximal workload compared with COPD patients with normal FFMI (P<0.05). 

As previously reported, both training modalities improved the symptom burden as well as 

six-minute walking distance (7% and 5% in ET and RT) and maximal workload (12% and 

9%  in ET and RT) (P<0.05) to a similar extend with no differences between COPD patients 

with low FFMI and normal FFMI. The improvements in absolute or relative VO2peak within 

training groups did not reach statistical significance (absolute VO2peak 6% in both ET and 

RT; relative VO2peak: 5% and 10% in ET and RT) (Table 1) .  

 

Cytokines in plasma and in muscle 

Baseline plasma concentrations of IL-8, IL-18, and CRP were higher (P<0.05) in COPD 

patients than in control subjects (Fig. 1). Muscle content of IL-1β, IL-6, IL-8, IL-18, and 

TNF-α were similar between the ET and the RT group at baseline with no effect of exercise 

training (Fig. 2). Plasma TNF-α increased after ET (P<0.05) and tended to increase after RT 

(P=0.06), with no difference between groups. All other cytokines in plasma remained 

unaffected by both training interventions (Fig. 1). We found no differences between patients 

with low and normal FFMI in cytokine levels at baseline, with no effects of exercise within 

the two subgroups.  

 

Inflammatory cells in circulation and in muscle 

A higher concentration of circulating leukocytes (due to elevated neutrophil number) were 

found in COPD patients compared to control subjects and the levels were not altered by 

either exercise training regime (Table 2). Macrophages were counted in a total area of 282 

mm2 muscle tissue with a mean counted area of 67±0.6 mm2 per biopsy. The number of 
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macrophages per area were similar in COPD patients and the control subjects at baseline (ET: 

30±7; RT: 22±5; control: 20±3 macrophages/mm2) (Fig. 3F). This number of macrophages 

per area increased with RT, but not with ET (RT: 45±10, P<0.05; ET: 30±6) (Fig. 3F). At 

baseline there were no difference in muscle or circulating inflammatory cells between 

patients with low and normal FFMI and the effect of exercise training were also similar in the 

subgroup analysis. 

 

Oxidative stress in muscle  

Muscle protein content of NOX was higher in the COPD patients compared with control 

subjects at baseline (86% and 75% higher in ET and RT group, respectively) (Fig. 4C). 

Muscle protein content of SOD2 did not differ between COPD patients and control subjects. 

The NOX content was unaffected by RT and ET. However, exercise training increased the 

SOD2 protein levels to a similar extend in the two training groups (by 53% and 32% in the 

ET and RT group, respectively) (Fig. 4A-C). There were no differences at baseline between 

patients with low and normal FFMI, and the adaptations seen after exercise training were not 

influenced by the FFMI. 

 
Discussion 

Moderate to severe COPD patients had a higher muscular NOX protein content, a similar 

number of muscle-infiltrating macrophage and a higher level of circulating IL-8, IL-18, CRP 

as well as leukocytes. Eight weeks of ET or RT increased muscle SOD2 content and plasma 

TNF-α, but had no effect on systemic levels of other pro-inflammatory cytokines or 

leukocytes. Moreover, exercise training did not influence muscular NOX protein. Our results 

do not support the idea of a highly inflammatory environment in the quadriceps muscle of 

patients with COPD.  In consistency with our hypothesis, RT induced macrophage infiltration 

in the skeletal muscle although local cytokine level remained unaltered. However, the 

expected systemic anti-inflammatory effect of ET was undetectable. 

 

Systemic and muscle cytokines 

Pro-inflammatory cytokines have been related to the loss of muscle mass in patients with 

COPD (11, 22, 23). In support, the present study and others (3, 10, 23) have shown higher 

circulating levels of cytokines (e.g. IL-6, IL-8, IL-18, TNF-α) and CRP in COPD patients 

compared with healthy subjects. This is in accordance with the low-grade inflammation that 
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accompanies many chronic diseases associated with physical inactivity . Nevertheless, two of 

the plasma cytokines, which specifically have been proposed to be associated with muscle 

wasting in COPD, TNF-α and IL-6, were not found to be elevated in the current COPD 

subjects. This finding is in accordance with one previous study  but not with a study by 

Vogiatzis and colleagues . 

Several studies have investigated cytokines in skeletal muscle of COPD patients. But, 

whether the muscular cytokine levels of especially TNF-α is elevated in COPD remains 

controversial. While some studies show elevated muscle TNF-α (24, 25) and IL-18  in the 

locomotor muscles of COPD, others report similar muscle TNF-α and IL-6 between COPD 

and healthy subjects (11, 23). The marked differences between the reported plasma and 

muscle cytokine might be explained by the heterogeneity in patient population, by differences 

in study design, and/or in the sensitivity of the assays that are used to measure the cytokines. 

We freeze-dried and carefully dissected all muscle tissue free of blood and connective tissue, 

a procedure not so commonly used by others, but which we find essential because cytokine 

levels otherwise might be falsely elevated by contamination from blood or other tissues. 

Interestingly, in the abovementioned study by Vogiatzis et al.  the elevated plasma IL-6 and 

TNF-α concentrations in the COPD group were not affected by exercise training . In 

accordance, the elevated plasma IL-8, IL-18, or CRP levels in the COPD group at baseline 

were unaffected by the training intervention. Thus, we add to current knowledge (3, 25) that 

regardless of an endurance or strength based training modality circulating cytokines are 

unaltered by exercise in COPD. 

Despite training for 8 weeks, which is the recommended duration for pulmonary 

rehabilitation in COPD, the patients did not experience changes in muscle cytokines levels . 

This finding is in accordance with previous studies involving endurance training in COPD (3, 

25). Exercise training has repeatedly been shown to reverse key features of muscle 

dysfunction in COPD and concomitantly induce higher exercise capacity and increased 

quality of life. However, our results do not support the idea that intra-muscular inflammation 

plays a key role in these adaptations. 
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Circulating leukocytes and infiltration in muscle 

The increased concentration of circulating leukocytes commonly seen in COPD patients has 

been proposed to infiltrate into the skeletal muscle, and similarly to the pathogenesis in the 

lungs, break down the muscle tissue . However, in the present study we found equal amounts 

of macrophages between individual muscle fibres in COPD patients and healthy subjects. 

These results are in line with observations from Gosker et al.  who found normal amounts of 

macrophages in the skeletal muscle of COPD patients. Nevertheless, in other studies higher 

immune cell infiltration of the skeletal muscle has been documented in COPD (24, 28, 29). 

These conflicting results could be the result of different stages of COPD studied or that we 

did not specifically select patients with the muscle depleted phenotype for the present trial. 

However, the normal levels of macrophage muscle infiltration and high amounts of 

circulating immune cells supports the idea of low-muscle/high-plasma cytokine 

concentrations in COPD . Likewise, the lack of effect of exercise training on systemic and 

muscular inflammation is consistent with previous observations (3, 25, 30). RT increased 

macrophage infiltration into the muscle, a response that might reflect a degree of muscle 

damage and repair . Whether this response is beneficial is unclear since the control group did 

not exercise. However, exercise-induced macrophage filtration might stimulate muscle 

growth  although this was not observed immediately after the RT .      

 

Oxidative stress and detoxification  

Muscular protein content of NOX was elevated in COPD at baseline (Fig. 4). This may 

reflect a greater ROS formation but with a similar antioxidative capacity as in healthy 

subjects (Fig. 4C). Physiological levels of ROS are required for cell signalling and normal 

skeletal muscle force production, but high ROS accumulation promotes contractile 

dysfunction and muscular fatigue . Therefore, exercise capacity in COPD might be affected 

by a higher oxidative stress burden (10, 33). In the present study muscular NOX content was 

unaffected by exercise training but protein content of SOD2 increased with both ET and RT. 

The increased SOD2 content could be the result of an overall increase in mitochondrial 

content in the skeletal muscle of COPD after exercise training. Previously, we found a 

tendency for increased muscle protein content of the enzyme citrate synthase, a marker of 

mitochondrial volume density , after ET in the same COPD patients . Likewise, 

mitochondrial volume density increases with endurance training in healthy humans . Exercise 

training can reduce NOX activity and expression , which together with up-regulations of 

antioxidant systems in blood (erythrocytes) and skeletal muscle (15, 34, 36, 37), results in 
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lower ROS generation and accumulation . Thus, a possibly greater removal of ROS may 

contribute to improvements in quadriceps endurance in COPD patients (5, 9), but it remains 

unknown whether the absolute level of oxidative stress remains unchanged since other 

sources of ROS formation, e.g. mitochondria and xanthine oxidase, were not assessed in this 

study. Likewise, upregulation of other important antioxidants could have occurred. 

 

Limitations 

COPD is a heterogeneous disease and some patients experience a high degree of respiratory 

symptoms whereas in others muscle wasting dominates the phenotype. Therefore, these 

results may not be extrapolated to all patients with COPD. We did not obtain sufficient 

muscle specimens from all subjects. The number of samples was smaller in RT than ET. The 

duration of the training intervention was relatively short and we cannot exclude that a longer 

intervention would have had a more anti-inflammatory effect. Indeed, a decrease in plasma 

and muscular pro-inflammatory cytokines concentrations as well as an increase in plasma 

level of anti-inflammatory cytokines has been observed after longer periods of exercise 

training (38, 39). We did not include an inactive control group of COPD patients, since 

previous research have shown large beneficial effects of exercise training compared with 

standard care. In addition, after three months of no intervention (except standard medical 

treatment) COPD patients showed no change in exercise capacity, muscle strength or health 

related quality of life . However, we recognize that inactivity might alter markers of 

inflammation and oxidative stress in patients with COPD. 

 

Conclusions  

In patients with moderate to severe COPD, we found no evidence for muscular inflammation. 

Eight weeks of either RT or ET did not alter the inflammatory status. However, both training 

modalities increased local muscle antioxidant content which might improve muscle function 

and prevent local inflammation and oxidative stress.     

 

Perspectives  

The aetiology of limb muscle dysfunction in COPD is debated and one of the prevailing 

hypotheses is that a local inflammatory process drives the breakdown of the muscle. Our 

results do not support the idea of a highly inflammatory environment in the locomotor 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

muscles in COPD patients despite elevated levels of the pro-oxidant NOX. Although the 

current exercise training had limited effect on inflammation, the possible long-term anti-

inflammatory effects of adherence to exercise are unexplored, and the inflammation in the 

lung tissue has not been examined in response to exercise training.    
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Figure legends  

Figure 1. Cytokine concentration in plasma. Data are in mean (SEM or median (IQR). 

Hatched bars indicate after training intervention. *Different from control: P<0.05, 
#Difference within group: P<0.05.Abbreviations: N.d., not detectable.  

 

Figure 2. Cytokine concentration in muscle. Data are in mean (SEM or median (IQR). 

Hatched bars indicate after training intervention.  

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Figure 3. A-E: Representative skeletal muscle cross-sectional from the vastus lateralis. 

Immunohistochemistry was performed using antibody against macrophages (anti-CD163, 

green indicated by arrows) using a light microscope x10 objective. White scale bars = 0.1 

mm. Muscle sections from two patients with COPD; one before and after ET (A and B), and 

one RT (C and D), and from one control subject (E). F: Scatter plot of mean number of 

inflammatory cells in skeletal muscle. Horizontal solid lines indicate mean values. 
#Difference within group: P<0.05. 

 

Figure 4. Representative western blots of (A) NOX  and GAPDH, (B) SOD2 and actin 

protein content in skeletal muscle from COPD participants (RT or ET) and controls (C). 

Samples from the same subject were loaded side by side. Baseline (indicated by b) and after 

(indicated as a) ET and RT. C: Protein expression of NOX and SOD2 in skeletal muscle. 

Data are in mean (SEM or median (IQR). *Different from control: P<0.05, #Difference within 

group: P<0.05. 
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Table 1. Symptom burden, exercise capacity and body composition. 

 Healthy 
controls 

ET group RT group 

 Baseline After training Baseline After training 

FEV1, % of 
predicted 

110(3) 55(4)* 57(3)* 

CAT score  4(1) 13(1)* 11(1)*# 13(1)* 10(1)*# 

VO2peak , 
L/min 

2.5(0.2) 1.6(0.1)* 1.7(0.1)* 1.6(0.2)* 1.7±0.2)* 

VO2peak , 
mL/kg/min 

33.2(2.5) 21.3(1.9)* 22.1(1.8)* 21.4(1.9)* 22.7(2.2)* 

Maximal 
workload, W 

153(8) 104(8)* 116(10)# 95(11)*  104(11)*# 

6MWD, m 673(665-686) 549(20)* 589(14)*# 531(21)* 555(19)*# 

FFMI, kg·m-2 18.7(0.7) 17.4(0.7) 17.5(0.8) 17.5(0.7) 17.6(0.7) 

BMI, kg·m-2 25(1) 27(2) 26(1) 27(1) 28(1) 

Note: Data in mean (standard error of means) or median (interquartile range). *Different from control: 
P<0.05, #Difference within group: P<0.05. 
Abbreviations: 6MWD, 6-minute walking distance; BMI, body mass index; CAT, COPD assessment 
test; FFMI, fat free mass index; FEV1, forced expiratory volume in 1 second; VO2, oxygen uptake (1).  
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Table 2. Leukocyte distribution in COPD patients before and after exercise training.     

 Healthy 
controls 

ET group RT group 

 Baseline After 
training 

Baseline After training 

Leukocytes, x109 
cells/l 

5.6(0.5) 6.5(6.2-7.8) 7.3(0.5)* 7.9(6.9-9.2)* 8.0(0.4)* 

Neutrophils, x109 
cells/l 

3.2(0.4) 3.8(3.3-4.1) 4.3(0.4) 4.3(4.1-5.5)* 4.7(0.3)* 

Basophils, x109 
cells/l 

0.04(0.03-
0.05) 

0.05(0.01) 0.06(0.01) 0.03(0.02-
0.06) 

0.05(0.1) 

Eosinophils, x109 
cells/l 

0.15(0.04) 0.25(0.03) 0.28(0.05) 0.20(0.04) 0.21(0.15-
0.33) 

Lymphocytes, 
x109cells /l 

1.9(1.7-1.9) 2.1(0.2) 2.0(0.1) 2.2(0.2) 2.2(0.2) 

Monocytes, 
x109cells/l 

0.6(0.1) 0.7(0.1) 0.7(0.1) 0.7±0.1 0.7(0.1) 

Note: Data in mean (standard error of means) or median (interquartile range). *Different from control.  

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 


