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Abstract: The aim of this study was to investigate the association between systemic inflammatory 

mediators and peripheral muscle mass and strength in COPD patients. Fifty-five patients (69% 

male; age: 64±9 years) with mild/very severe COPD (defined as forced expiratory volume in the 

first second [FEV
1
] =54%±23%) were evaluated. We evaluated serum concentrations of IL-8, CRP, 

and TNF-α. Peripheral muscle mass was evaluated by computerized tomography (CT); midthigh 

cross-sectional muscle area (MTCSA) and midarm cross-sectional muscle area (MACSA) were 

obtained. Quadriceps, triceps, and biceps strength were assessed through the determination of 

the one-repetition maximum. The multiple regression results, adjusted for age, sex, and FEV
1
%, 

showed positive significant association between MTCSA and leg extension (0.35 [0.16, 0.55]; 

P=0.001), between MACSA and triceps pulley (0.45 [0.31, 0.58]; P=0.001), and between MACSA 

and biceps curl (0.34 [0.22, 0.47]; P=0.001). Plasma TNF-α was negatively associated with leg 

extension (-3.09 [-5.99, -0.18]; P=0.04) and triceps pulley (-1.31 [-2.35, -0.28]; P=0.01), while 

plasma CRP presented negative association with biceps curl (-0.06 [-0.11, -0.01]; P=0.02). 

Our results showed negative association between peripheral muscle mass (evaluated by CT) and 

muscle strength and that systemic inflammation has a negative influence in the strength of specific 

groups of muscles in individuals with stable COPD. This is the first study showing association 

between systemic inflammatory markers and strength in upper limb muscles.

Keywords: Inflammation, skeletal muscle, X-Ray Computed Tomography

Introduction
COPD is a preventable and treatable disease with some significant extrapulmonary 

effects that may contribute to the severity in individual patients.1 Skeletal muscle 

dysfunction is one of these systemic effects and contributes significantly to limited 

exercise capacity, reduced quality of life, and premature mortality.2 Furthermore, 

quadriceps weakness has been observed in one-third of COPD outpatients, and authors 

suggest that limb muscle dysfunction may occur even in individuals exhibiting mild 

to moderate airway obstruction.3

Muscle dysfunction appears to result from combined mass reduction and changes 

in distribution of fiber types and muscle metabolism.4 In addition, muscle disuse is 

an important risk factor for the development of atrophy in COPD patients.2 In point 

of fact, quadriceps wasting has been associated with physical inactivity in patients 

with early COPD.5 Although it has been well-established that limb muscles of COPD 

patients develop significant reductions in mass and cross-sectional areas,5,6 it is still 

unclear whether muscle weakness can be totally attributed to muscle mass depletion. 

In fact, van den Borst et al showed that lower lean body mass in smokers was not 

accompanied by lower maximal voluntary muscle force.7
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Despite the fact that peripheral muscle dysfunction is 

probably multifactorial in origin, there is evidence suggest-

ing a link with systemic inflammation.8,9 Quadriceps muscle 

strength was correlated negatively with plasma IL-8 levels 

in COPD patients during exacerbation,8 and plasma IL-6 

and TNF-α levels were found to be increased and inversely 

associated with quadriceps muscle strength in stable COPD 

patients.9 Although most studies have been performed in 

lower limb muscles,6,10,11 a study reported that arm move-

ment intensity is lower in patients with COPD compared 

with healthy control subjects.12 However, the association 

between systemic inflammatory markers and strength in 

specific groups of muscles in individuals with stable COPD 

is not clear. Our hypothesis is that given muscle weakness 

is not homogeneously distributed among muscle groups, 

the association between inflammatory markers and muscle 

strength may also be different. Therefore, the aim of this 

study was to investigate the association between systemic 

inflammatory mediators and upper and lower limb muscle 

mass and strength in COPD patients.

Patients and methods
Fifty-five consecutive COPD patients followed at the 

Outpatient Pulmonology Unit of Botucatu Medical School, 

São Paulo, Brazil participated in the study. Patients were 

included if they met the criteria for COPD according to the 

guidelines established in the Global Initiative for Chronic 

Obstructive Lung Disease and Brazilian Thoracic Society 

criteria:1,13 a postbronchodilator forced expiratory volume 

in the first second (FEV
1
)/forced vital capacity (FVC) 

ratio ,0.70 and an increase in FEV
1
 of ,15% or 200 mL 

after inhalation of a β2-agonist. Exclusion criteria included 

oral steroid use or exacerbations in the 3 months before 

enrollment in the study; diagnosis of other chronic diseases 

(ie, diabetes, renal failure, or cancer); or other respiratory 

disease (ie, asthma, bronchiectasis, bronchiolitis, or tubercu-

losis). Participants were made aware of the proposed study 

procedures and freely gave written informed consent. All 

procedures were approved by the Research Ethics Committee 

of Botucatu Medical School University Hospital.

Pre- and postbronchodilator spirometry
Spirometry was performed before and 15 minutes after the 

inhalation of 400 µg salbutamol using the KOKO Spirometer 

(Ferraris Respiratory Inc, Louisville, CO, USA), according to 

criteria set by the American Thoracic Society.14 FEV
1 
values

 

were expressed in liters, percentages of FVC, and percentages 

of reference values.15

Dyspnea perception, exercise tolerance, 
and BODE index
Dyspnea was assessed using a Brazilian version of the 

Medical Research Council dyspnea scale.16 The six-minute 

walk distance (6MWD) test was performed according to 

American Thoracic Society guidelines.17 The BODE index 

(measuring body mass index [BMI], airflow obstruction, 

dyspnea, and exercise capacity) was calculated using the 

model described by Celli et al.18 BODE scores were cat-

egorized as class 1 (0–2), class 2 (3–4), class 3 (5–6), and 

class 4 (7–10).18

Nutritional assessment
Body weight and height were measured by Filizola 

(mod-MIC2/B-A, São Paulo, SP, Brazil). BMI was calcu-

lated as:

	 BMI = weight in kg/(height in m)2.� (1)

Body composition was evaluated using bioelectrical 

impedance (BIA 101A; RJL Systems Inc, Clinton, MI, USA). 

Resistance was measured on the right side of the body in the 

supine position. Fat-free mass (FFM) (kg) was calculated 

using a group-specific regression equation developed by Kyle 

et al.19 The FFM index (FFMI) was also calculated, as:

	 FFMI = FFM/(height in m)2.� (2)

FFM depletion was defined as an FFMI ,15 kg/m2 for 

women and ,16 kg/m2 for men.20 Peripheral muscle mass 

was evaluated by computerized tomography (CT); midthigh 

cross-sectional muscle area (MTCSA) and midarm cross-

sectional muscle area (MACSA) were obtained, as previ-

ously described.11 Briefly, MTCSA was performed halfway 

between the pubic symphysis and the femur inferior condyle. 

In the arm, MACSA measurement was performed between 

the head of the humerus and the olecranon (SCT-7000 TS; 

Shimadzu, Kyoto, Japan). Each image was 10–20 mm thick 

and was taken at 120 kV, with a 1-second scanning time.

Blood sampling and analysis
Fasting peripheral blood was collected early morning (8 am  

to 10 am) and plasma stored at -80°C until analysis. TNF-α 

and IL-8 were assessed in duplicate by high-sensitivity 

commercial kits, using enzyme linked immunosorbent 

assay (ELISA), according to manufacturer’s instructions 

(BioSource International Inc, Camarillo, CA, USA). The lower 

detection limit was 0.5 pg/mL for TNF-α and 0.39 pg/mL  
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for IL-8. CRP was assessed in duplicate by high-sensitivity 

particle-enhanced immunonephelometry (CardioPhase, Dade 

Behring Marburg GmbH, Marburg, USA), with a lower 

detection limit of 0.007 mg/L.

Peripheral muscle strength
Peripheral muscle strength was assessed through the deter-

mination of the one-repetition maximum (1 RM).21 The 

agreed convention for 1 RM is the heaviest weight that can 

be lifted throughout the complete range of motion related to 

the exercise performed; this was assessed for each of three 

exercises performed on weight training equipment. Patients 

were required to perform the following exercises: leg exten-

sion (quadriceps), triceps pulley (triceps), and biceps curl 

(biceps). A pretest warm-up of ten repetitions with light load 

was performed to minimize learning effects. The 1 RM test 

was initiated at a weight near the suspected maximum to 

minimize repetition fatigue. All participants attained the 1  

RM within four attempts. A total of 2–3 minutes of rest was 

allowed between repetitions. The Valsalva maneuver was 

avoided, and the correct exercise performance technique for 

each muscle group was emphasized.

Statistical analysis
All variables were summarized using means and standard 

deviations or median interquartile range (25%–75%). Either 

the Student’s t-test or Mann–Whitney was performed to 

compare characteristics between COPD I/II and COPD III/IV.  

The chi-squared test was used to evaluate the qualitative 

variables. We analyzed the association of systemic inflam-

mation (TNF-α, CRP, and IL8) and cross-sectional muscle 

area (MACSA and MTCSA) with peripheral muscle strength 

(leg extension, triceps pulley, and biceps curl), using multiple 

linear regression with robust standard errors with adjustment 

for potential confounders (age, sex, and FEV
1
). A P,0.05 

was considered for statistical significance (STATA 10.0; 

STATA Corp, College Station, TX, USA).

Results
Characteristics of the COPD patients in total group and accord-

ing to GOLD classification are shown in the Table 1. There was 

no difference in peripheral muscle mass, strength, and systemic 

inflammation between patients with COPD I/II and COPD III/

IV. There was no difference in the proportion of patients with 

FFM depletion (P=0.62) between patients with COPD I/II and 

II/IV. According to BODE index,18 58% were in class 1, 25% 

in class 2, 13% were in class 3, and 4% were in class 4.

The multiple regression results, adjusted for age, sex, 

and FEV
1
% showed positive significant association between 

upper and lower local muscle mass, strength, and systemic 

inflammation. MTCSA was associated to 1 RM leg exten-

sion, and MACSA to 1 RM triceps pulley and biceps curl. 

Table 1 Characteristics of the COPD patients in total group and according to GOLD classification

Variables Total group 
(n=55)

COPD I/II
(n=29)

COPD III/IV
(n=26)

P-value

Age, years 64.0±9.2 63.3±10.0 66.0±8.3 0.29
Sex (F/M), n 17/38 11/18 6/20 0.36
FEV1 (%)* 51.0 (39.2–66.2) 64.0 (55.7–78.5) 38.5 (29.0–42.0) ,0.001
Active smoking, n 15 8 7 0.80
6MWD (m) 440.3±85.8 447.2±96.6 432.7±73.0 0.53
MRC score 1.0 (1.0–2.0) 1.0 (1.0–1.2) 1.0 (1.0–2.0) 0.08
BMI (kg/m²) 25.4±5.1 26.4±5.6 24.2±4.2 0.10
FFM (kg) 41.4±7.2 41.8±6.8 41.0±7.6 0.71
FFM index (kg/m²) 16.0 (14.8–17.6) 16.9 (14.8–17.6) 15.8 (15.0–17.6) 0.53
MACSA (cm2) 35.7±9.3 36.7±9.0 34.6±9.8 0.41
MTCSA (cm2) 122.7±26.9 126.2±28.4 118.8±25.1 0.31
Leg extension (kg) 80.0 (65.0–100.0) 90.0 (70.0–104.5) 77.5 (60.0–95.0) 0.09
Biceps curl (kg) 20.0 (16.0–24.0) 20.0 (18.0–24.0) 20.0 (14.0–23.0) 0.60
Triceps pulley (kg) 18.4±5.6 19.1±5.5 17.5±5.7 0.29

TNF-α (pg/mL) 4.3 (4.0–4.7) 4.5 (4.2–4.8) 4.1 (3.8–4.4) 0.05
IL-8 (pg/mL) 5.3 (3.7–15.5) 5.1 (3.4–21.2) 5.3 (3.9–10.6) 0.74
CRP (mg/L) 5.9 (2.7–9.3) 4.4 (2.6–7.9) 6.8 (2.8–9.7) 0.45

Notes: Values are presented as mean ± SD or median (interquartile range). P,0.05 (Student’s t-test or Mann–Whitney and chi-square). COPD I/II indicates mild/moderate 
disease, according to GOLD classification; COPD III/IV indicates severe/very severe. *Expressed as percentage of predicted.
Abbreviations: 6MWD, six-minute walking distance test; BMI, body mass index; F, Female; FEV1, forced expiratory volume in the first second; FFM, fat-free mass; GOLD, 
Global Initiative for Chronic Obstructive Lung Disease; M, Male; MACSA, midarm cross-sectional muscle area; MRC, Modified Medical Research Council dyspnea scale; 
MTCSA, midthigh cross-sectional muscle area; SD, standard deviation.
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Plasma TNF-α was negatively associated with 1 RM leg 

extension and triceps pulley, while plasma CRP presented 

negative association with 1 RM biceps curl (Table 2). IL-8 

did not show association with muscles strength or muscle 

mass (data not shown).

We did not find association of muscle mass (as evaluated 

by CT scan or by bioelectrical impedance) and systemic 

inflammation.

Discussion
The results of this study showed that increased TNF-α 

levels were associated with reduced strength of quadriceps 

and triceps, while higher CRP levels were associated with 

reduced strength of biceps. Previous study has showed an 

inverse relationship between systemic inflammatory markers 

and quadriceps strength in stable COPD;9 however, this is the 

first study showing association between systemic inflamma-

tory markers and strength in upper limb muscles. Peripheral 

muscle mass, evaluated by CT, and not systemic muscle 

mass, was also associated with reduced muscle strength in 

COPD patients; however, no influence of inflammation on 

peripheral or systemic muscle mass was shown.

There is evidence that inflammation in COPD patients is 

characterized by an increase in level of CRP, IL-6, IL-8, and 

TNF-α in peripheral blood.22,23 The presence of local inflam-

mation in the skeletal muscle of patients with COPD is still 

a controversial issue.2 While one study showed increased 

levels of TNF-α expression in the peripheral muscle of 

COPD patients,24 other investigators could not reproduce 

these findings.25,26 The notion that systemic inflammation 

contributes to skeletal muscle dysfunction in COPD patients 

is supported by the fact that many proinflammatory cytokines 

can adversely influence skeletal muscle through activation of 

muscle proteolysis and inhibition of protein synthesis.27 The 

exact origin of these circulating cytokines is unclear but might 

include the overspill of systemic inflammation into muscle, 

activated leukocytes, and organ systems, such as bone marrow 

and skeletal muscle itself.28 Experimental studies have shown 

that inflammatory markers, such as increased blood levels 

of TNF-α,29 promote muscle wasting by enhancing the 

activity of the ubiquitin proteasome pathway30 or by induc-

ing apoptosis.31 Furthermore, TNF-α may cause weakness 

without muscle wasting by directly compromising contractile 

function.32 In agreement with these previous, findings our 

study showed that increased systemic levels of TNF-α were 

associated with quadriceps strength but not with muscle 

mass. Similarly, Yende et al9 found an inverse association of 

TNF-α and IL-6 levels with quadriceps strength. Although 

participants with obstruction had higher CRP levels, CRP 

was not an independent predictor of quadriceps strength in 

the same study.9 Altogether, these results reinforce the inverse 

relationship between systemic inflammatory markers and 

quadriceps muscle strength in stable COPD patients.

We verified an inverse association between inflamma-

tory markers and upper limb strength. This finding is in 

contrast with those of Yende et al9 where no association 

between inflammatory markers and handgrip or respiratory 

muscle strength was shown. Yende et al suggest that upper 

extremity muscle strength is preserved in patients with 

COPD, which may explain the weak association between 

inflammatory markers and handgrip strength. In fact, distal 

strength (handgrip) could be possibly preserved since patients 

are able to continue to perform activities of daily living that 

involve repeated handgrip movements, including gripping, 

holding, and carrying objects. In contrast, reduced proximal 

upper limb muscle strength, as assessed in the present study 

by shoulder abduction, can be explained by a reduction 

in unsupported arm activities in order to avoid dyspnea.33 

Furthermore, Meijer et al12 showed that patients with COPD 

spent more time in arm postures compared with arm activi-

ties, and that arm movement intensity was lower compared 

with healthy control subjects.

Interestingly, we also found that peripheral muscle mass 

evaluated by CT was associated with reduced muscle strength. 

Table 2 Linear regression models, with robust standard errors, 
for 1 RM leg extension, 1 RM triceps pulley, and 1 RM biceps curl

Model Variables Coefficient
(95% CI)

P-value

1 RM leg extension Age, years 0.19 (-0.13, 0.52) 0.23
Sex, Male 5.20 (-4.23, 14.66) 0.27

FEV1 (%)* -0.11 (-0.23, 0.01) 0.07
MTCSA (cm2) 0.35 (0.16, 0.55) 0.001**

TNF-α (pg/mL) -3.09 (-5.99, -0.18) 0.04**

1 RM triceps pulley Age, years -0.42 (-0.21, 0.13) 0.62

Sex, Male -0.73 (-4.18, 2.71) 0.67

FEV1 (%)* 0.19 (-0.02, 0.06) 0.38
MACSA (cm2) 0.45 (0.31, 0.58) 0.001**

TNF-α (pg/mL) -1.31 (-2.35, -0.28) 0.01**

1 RM biceps curl Age (years) 0.03 (-0.14, 0.21) 0.68

Male sex -2.46 (-6.01, 1.07) 0.17

FEV1 (%)* 0.02 (-0.02, 0.07) 0.28
MACSA (cm2) 0.34 (0.22, 0.47) 0.001**
CRP (mg/L) -0.06 (-0.11, -0.01) 0.02**

Notes: P,0.05 (multiple linear regression with robust standard errors). *Expressed 
as percentage of predicted. **Significant.
Abbreviations: 1 RM, one-repetition maximum; CI, confidence interval; FEV1, forced 
expiratory volume in the first second (% of predicted); MACSA, midarm cross-sectional 
muscle area; MTCSA, midthigh cross-sectional muscle area.
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Similarly, Seymour et al showed that ultrasound measurement 

of rectus femoral muscle cross-sectional area was related to 

strength.34 Although repeated reports have described that 

when limb muscle strength is normalized per cross-sectional 

area or mass, no differences can be observed between 

COPD patients and control subjects.11,35 Malaguti et al36  

showed that COPD patients had a reduction of isokinetic 

strength and total work of knee extension and FFM when 

compared with controls. The coefficients of allometric cor-

rection of the isometric contraction and total work were 

significantly higher in patients compared with controls. The 

authors concluded that the decrease in FFM did not explain all 

the changes in peripheral muscle function in COPD patients 

without depletion. Moreover, reduced muscle mass relates 

to an impairment in muscle strength, but it does not account 

for abnormal muscle endurance,35 which seems to be related 

to alterations in skeletal muscle bioenergetics.37

When we compared mild/moderate and severe/very 

severe patients, we found no difference between these groups, 

although quadriceps strength had a tendency to be lower in 

severe and very severe patients. One possible explanation 

is that in our study, we found no significant difference in 

prevalence of FFM depletion between the different stages 

of COPD. In addition, body composition was very similar 

between the groups in our study. However, a large sample size 

could allow the identification of differences in muscle strength 

and body compositions between disease severities.

The present study has some limitations. We evaluated 

muscle strength using 1 RM. Previous study showed that 

isometric strength was the most sensitive method to detect 

differences among subsets of subjects.35 On the other hand, as 

indicated by Vilaro et al35 1 RM strength can be considered for 

routine clinical use since it was highly correlated with isomet-

ric and isokinetic forces. Evaluation of physical activity and 

arm activities during daily life could add information to the 

study since physical activity was related to lower risk of high 

levels of circulating TNF-α and CRP $3 mg/L.38 We accept 

that further longitudinal studies investigating skeletal muscle 

strength and systemic inflammation should include detailed 

analysis of physical activity. In addition, we did not evaluate 

the influence of the interaction between inflammatory markers 

and muscle depletion on muscle strength; therefore we cannot 

make assumptions about the combined influence of inflamma-

tion and muscle depletion on muscle function.

Conclusion
In summary, our findings confirm the association between 

systemic inflammatory markers and strength in specific 

groups of muscles in individuals with stable COPD. While 

TNF-α was inversely associated with quadriceps and triceps 

strength, CRP was inversely associated with biceps strength. 

Furthermore, peripheral muscle mass, evaluated by CT, 

was also associated with reduced muscle strength. Finally, 

no differences in these inflammatory mediators were found 

between patients with and without FFM depletion.
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