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Part of this general introduction was published as:  
Co-morbid manifestations in COPD 
Wouters EFM, Celis MPM, Breyer MK, Rutten EPA, Graat-Verboom L, Spruit MA
Respiratory Medicine: COPD Update, Vol. 3, Issue 4, Nov. 2007, p.135-151.
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General introduction 
The first part of this introduction will provide a brief background of COPD; de-
scribe the latest definition, the worldwide economic and human negative impact 
as well as how to diagnose COPD according to the newest GOLD strategy (Glo-
bal Initiative of Obstructive Lung Disease). The second part will deal with the 
complexity of systemic inflammation in COPD, including the hypothesis of local 
‘spill over’ into the systemic circulation and other possible underlying mecha-
nisms. Furthermore we will discuss the importance of daily physical activity in 
chronically ill patients. In addition the extra-pulmonary features; overweight and 
obesity and the role of the adipose tissue and its adipokines will be described and 
a link with the development of low-grade systemic inflammation in COPD will be 
proposed. Furthermore the metabolic syndrome will be defined and its role as 
an important co-morbidity factor in COPD will be elucidated as the fourth part 
of this introduction. Finally, an overview on the studies discussed in this thesis will 
be provided.

Definition, diagnosis and burden of COPD
Today chronic obstructive pulmonary disease (COPD) is defined as a common 
preventable and treatable disease characterised by persistent airflow limitation 
that is usually progressive and is associated with an enhanced chronic inflamma-
tory response in the airways and the lung to noxious particles or gases1. Exacerba-
tions and co-morbidities contribute to the overall severity in individual patients1. 
Pathophysiology in COPD involves multiple complex factors. The wide range of 
pathologies associated with COPD affect the large and small airways, the lung pa-
renchyma, pulmonary circulation, as well as local and systemic inflammatory and 
remodelling processes2. The pathological alterations associated with COPD in-
clude airway narrowing with a subsequent increase in airway resistance as well as 
loss of lung parenchyma and a subsequent loss of lung elastic recoil. This process 
is termed hyperinflation. In addition, narrowing of bronchial lumen due to bron-
chial wall thickening, intra-luminal mucous plug-in and constriction of bronchial 
smooth muscles further enhance airflow obstruction/limitation2.
In recent years COPD has become a tremendous worldwide health problem. 
By 2030 COPD is predicted to become the fourth leading cause of death world-
wide and will therefore account for about 7.8% of total deaths3. In middle-income 
countries COPD ranks even third and will cause about 12% of total deaths3. The 
underlying causes are driven by smoking, particularly in the developed world4, oc-
cupational and indoor air pollution5 and exposure to biomass fuels, especially in 
the developing countries6. Furthermore the increasing age of the world’s popula-
tion and the reduced mortality of other chronic diseases, such as ischemic heart 
disease influence the worldwide increase of COPD3. Other risk factors contributing 
to the development of COPD include infections in early life7, genetic susceptibility8, 
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malnutrition9, and airway hyper-reactivity and asthma10. COPD is associated with 
an enormous economic burden. Of the total US health care budget, respiratory 
diseases are estimated to account for about 6%, with COPD accounting for 56% 
(38.6 billion EURO) of the costs of respiratory diseases11. The economic and hu-
man negative impact of disease is considerable and now is able to be measured with 
the Disability Adjusted Life Years Scale (DALY). This is a tool which measures the 
loss of years of a specific condition due to premature mortality and years of disability 
adjusted for the severity of disability12. This has far reaching consequences as COPD 
will be the seventh leading cause of lost DALYs worldwide in 20303.
Today the severity of the disease is not only assessed by the airflow limitation 
but also by the experienced symptoms1. Severity of disease is nowadays based 
on COPD assessments such as patients’ current level of symptoms, spirometry 
result, and exacerbation rate. These factors impact significantly on patients’ health 
status, future exacerbation and hospital readmission rate as well as death1. Prima-
ry objective testing with spirometry, which is inexpensive and can be done in pri-
mary care settings, confirm the presence of persistent airflow limitation. Currently 
a post-bronchodilator forced expiratory volume in the first second/ forced vital 
capacity (FEV1/ FVC) ratio below the fixed ratio of 0.70 is used to diagnose air-
flow obstruction1. The cardinal symptoms of COPD are dyspnoea, chronic cough, 
and sputum production. Symptoms are assessed using either the Modified British 
Medical Research Council Questionnaire (mMRC), which has shown to predict 
future mortality risk13 or by using the COPD Assessment Test (CAT)14, which 
correlates closely with patients’ disease-specific health status15. COPD exacerba-
tion is defined as an acute event characterised by a worsening of the patients res-
piratory symptoms that are beyond day-to-day variations and lead to a change in 
medication16. Exacerbations are commonly associated with a decline in lung func-
tion, health status and an increased risk of death17 and the risk increases with the 
number of exacerbations per year (≥ 2)18. Independently of severity of disease, 
COPD is associated with various co-morbidities such as cardiovascular disease, 
metabolic syndrome, osteoporosis, depression and lung cancer. Co-morbidities 
have to be assessed and treated appropriately in every patient1.

Systemic low-grade inflammation
The word inflammation originally comes from the Latin inflammare – set on fire. 
In ancient times Cornelius Celsus, a roman patrician wrote in his book De Medicinae: 
‘Notae inflammationis vero sunt quatour: rubor et tumor cum calore et dolore’ –  
Now there are four diagnostics signs of inflammation: redness, swelling, heat, and 
pain19. In the second century A.D. Galen added the fifth sign Functio laesa – loss 
of function to the Celsian tetrad, completing the five cardinal symptoms of in-
flammation20.
Today inflammation is known to be a part of the non-specific immune response 
that occurs as a reaction to any injury21. The cardinal signs of acute inflammation 
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are characterised by vasodilatation, increased blood flow, release of various soluble 
mediators, extravasation of fluids, and cellular influx21. In most cases these inflam-
matory processes are self-limiting but however, in some conditions they become 
continuous and chronic inflammatory disease develops subsequently.
Regardless of inflammation being acute or chronic, the process has very specific 
characteristics and the innate immune system plays a major role as it mediates the 
first response. While neutrophils and macrophages characterise acute inflamma-
tion, infiltration of T-lymphocytes and plasma cells are a feature of chronic inflam-
mation21. Macrophages and also monocytes contribute to the final consequence 
of chronic inflammation which is represented by the loss of tissue function due 
to fibrosis22. Monocytes produce one of the main soluble mediators of inflam-
mation; interleukin 1 (IL-1), particularly IL-1ß, which mediates a wide range of 
reactions involved in the acute phase response. It generates fever, hypotension 
and is responsible for the production of cytokines such as IL-6, which in turn, 
stimulates hepatic acute phase proteins such as serum amyloid A as well as C-
reactive protein (CRP)23. CRP, named after its ability to precipitate with the so-
matic C-polysaccharide of Streptococcus pneumoniae, was the first acute phase 
protein described in 193024. The acute phase response includes the non-specific 
physiological response to most forms of infection, inflammation, tissue damage, 
and malignancy. Therefore CRP is a selected sensitive systemic marker reflecting 
ongoing inflammation and/ or tissue damage. Increased circulating levels are as-
sociated with various chronic inflammatory diseases such as rheumatoid arthritis, 
crohns’ disease or cardiovascular disease25.
Various small-sized sample studies in the late 90ies suggested a state of perma-
nent low-grade systemic inflammation present in COPD, as various inflammatory 
biomarkers were  found to be increased compared to healthy subjects26,27. Based 
on this data, Gan et al. created a systematic review including fourteen studies with 
the primary outcome of comparing different systemic inflammatory biomarkers, 
such as CRP, fibrinogen, leucocytes but also tumor necrosis factor alpha (TNF), 
IL-6 and 8 in COPD patients and healthy subjects28. According to the authors, 
individuals with chronic airflow limitation had significantly raised levels of CRP, 
fibrinogen, leukocytes, and TNF compared with age-matched healthy subjects. 
This data indicates that systemic inflammation is present in all COPD patients. 
Worth noting is the fact that all studies included in the systematic review were 
cross-sectional by nature, varied in the way in which inflammatory markers were 
sampled and analysed and also had a wide heterogeneity with regard to for ex-
ample nutritional status . Shortly after Franciosi et al. challenged this data with 
a systematic review including more than 140.000 subjects, of which 46% were 
healthy subjects and 26% mild, 16% moderate, and 13% severe COPD patients29. 
The authors found no statistical difference in serum levels of CRP or TNF in 
healthy subjects and any of the COPD stages despite a trend of increased levels 
with increasing severity of the disease, based on lung function decline measured 
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by FEV1. Therefore it seems as some COPD patients do have increased levels of 
systemic inflammatory biomarkers but some don’t. For the first time a possible 
heterogeneity of systemic inflammation in COPD was considered, even though 
very cautiously.
Over the past years it has been established that a mechanism-based approach 
is necessary in order to define and classify disease markers. Several attempts 
have therefore been made to elucidate the origin of systemic inflammation in 
patients with COPD. One concept is the so called ‘spill over’ theory, implying a 
spill over of local inflammation from the lungs into the systemic circulation. The 
local inflammatory process in the airways, parenchyma and pulmonary vascula-
ture is characterised by an increased number of neutrophils30, macrophages and 
T-lymphocytes31 as well as increased levels of pro-inflammatory cytokines such as 
Leucotriene B4 (LTB4)32, Il-6 and 833 and TNF34. A possible pathway might be 
due to an increased epithelial leakability, caused by inflammation, which in turn 
facilitates proteins to move from the lung surface into the circulation causing an 
additional inflammatory reaction35-37. Furthermore inhaled air pollutants can lead 
to a subsequent systemic inflammatory response due to alveolar macrophages 
which ingest and clear the inhaled particles38. In addition alveolar macrophages 
stimulate the production of pro-inflammatory cytokines, such as TNF, which 
are increased in the blood of subjects during an episode of acute air pollution, 
suggesting a possible link between these cytokines and the systemic inflammatory 
response39. Alternatively evidence suggests that inhaled ultrafine particles are able 
to translocate from the lung into the systemic circulation and directly activate a 
systemic response40. Clinical evidence which might support the ‘spill over’ theory 
has been found by Sapey et al. who report sputum levels of IL-1ß, TNF and 
LTB4 correlating negatively with body mass index in patients with COPD41. This 
data might confirm the hypothesis that increased lung inflammation is associated 
with a lower body weight in COPD patients as indicated in earlier studies which 
linked a low body weight with systemic inflammation42. Difficulties in proving the 
‘spill over’ concept are substantiated by the fact that there is a clear lack of cor-
relation between airway cytokine levels and those in the circulation. The lack of 
a clear established relationship between airway and circulating TNF43 as well as 
IL-1 levels44 question the mechanism of ‘spill over’ in COPD. In addition, sputum 
neutrophils are thought to be mechanistically involved in the disease pathophysi-
ology of COPD45, as they can secrete a wide variety of pro-inflammatory cy-
tokines and chemokines46,47. However, up until now there has been no evidence 
proving any association between sputum neutrophils and markers of systemic 
inflammation including blood neutrophils count, CRP, and surfactant protein D48.
Besides the ‘spill over’ theory, other mechanisms have been suggested as being 
partially responsible for the systemic inflammatory state present in patients with 
COPD. Cigarette smoking seems to have an effect on the bronchial epithelial 
cells by increasing the trans-epithelial permeability and reducing the protective 
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role of cellular glutathione (an important intracellular antioxidant)49. Additionally, 
an increased release of pro-inflammatory mediators such as IL-1ß was found in 
epithelial cells from COPD patients after cigarette smoke exposure49. Cigarette 
smoking is also known to substantially contribute to the development of clinical 
cardiovascular disease resulting from direct effects on atherosclerosis and haemo-
stasis50. Another origin of systemic inflammation is the bone marrow. Due to in-
haled particles alveolar macrophages increase their phagocytic activity and release 
pro-inflammatory cytokines which in turn stimulate the bone marrow to mobilise 
platelets and leucocytes51,52. Both animal53 and human studies54 have shown that 
particle exposure leads to acute leucocytosis supporting this concept. Lastly tissue 
hypoxia55 or skeletal muscle hypoxia56,57 are both associated with increased levels 
of TNF. This may contribute to the state of low-grade systemic inflammation in 
COPD.
When looking at other chronic diseases characterised by a state of chronic low-
grade inflammation for example cardiovascular disease or obesity, the adipose 
tissue has been proposed as a possible origin of systemic inflammation58,59. In gen-
eral the adipose tissue is a highly active metabolic and endocrine organ expressing 
and secreting various bioactive peptides, so called adipokines, which are acting 
locally (autocrine/ paracrine) as well as systemic (endocrine)59,60. Besides these 
efferent functions the adipose tissue expresses various receptors responding to 
afferent signals from hormone systems as well as from the central nervous sys-
tem61. Therefore besides its function in storing and releasing energy, the adipose 
tissue permits communication with distant organs. Proteins released from the 
adipose tissue include leptin62, adiponectin62, plasminogen activator inhibitor63, 
adipsin64, resistin65, TNF62, and IL-662. Circulating IL-6, expressed by adipocytes 
and adipose tissue matrix is positively correlated with obesity and insulin resist-
ance66. In addition plasma IL-6 levels predict future onset of type II diabetes and 
cardiovascular disease66. Expression and secretion of IL-6 is two to three times 
greater in visceral relative to subcutaneous adipose tissue62. In this context the vis-
ceral, mainly abdominal adipose tissue is of particular interest due to its favoured 
access to the portal circulation. IL-6 is thought to drain directly from the visceral 
adipose tissue into the portal circulation causing the obesity-linked rise of hepatic 
CRP production67. Therefore the adipose tissue is thought to be the initial driving 
force for the up-regulation of some liver derived inflammatory proteins. Indeed, 
CRP has been positively correlated with visceral adipose tissue emphasising the 
mechanistic link between adiposity and systemic inflammation68.
Whether or not these findings can be allocated to patients with COPD has never 
been investigated. Recent evidence indicates a prevalence of obesity [defined 
by a body mass index (BMI; weight in kilograms divided by square height in 
meters; kg/m2) of >30 kg/m2] in about 40% of male and 20% of female patients 
with mild to moderate COPD69. Worth noting is the fact that in the same report 
about 70% of men and 45% of women showed abdominal obesity defined by an 
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increased waist circumference (>102 cm for men and >80cm for women). This 
finding clearly indicates that a subgroup of patients with normal weight still have 
abdominal obesity. To date, no studies exist investigating possible systemic con-
sequences of abdominal obesity in COPD including the hypothesis of a visceral 
adipose tissue derived contribution to the state of low-grade systemic inflamma-
tion in COPD.
Two main factors cause abdominal obesity: firstly an increased intake of energy-
dense foods that are high in energy density and secondarily a decrease in physical 
activity due to the increasingly sedentary nature70. Physical inactivity is thought to 
play an important role in the development of dementia71 and depression72 and 
physical inactivity is known to increase the risk of type II diabetes73, cardiovascular 
disease74, colon75, and breast cancer76, all of which are associated with an en-
hanced risk for premature morbidity and mortality. The health consequences of 
abdominal obesity and physical inactivity are therefore comparable. Interestingly, 
regular exercise seems to have an anti-inflammatory effect77, as levels of IL-6 and 
CRP are linearly associated with physical inactivity78, suggesting physical inactivity 
to contribute to systemic low-grade inflammation. Indeed, low physical activity 
levels were associated with markedly higher levels of IL-6 and CRP in both obese 
and non-obese subjects78.
Therefore quantifying daily physical activities is of great interest, particularly in 
chronically ill patients. However, assessing daily physical activity levels were chal-
lenging as only subjective measurements for example questionnaires or diaries 
were available for a long time79. In 2005 however new diagnostic tools, triaxial 
accelerometers became available and for the first time, time spent on different 
activities (walking, cycling) and body position (standing, sitting, lying) could be 
quantified precisely80. Not surprisingly COPD patients who frequently experience 
dyspnoea, suffer from symptom-induced inactivity compared to healthy sub-
jects81. Comprehensive pulmonary rehabilitation programs improve functional 
exercise capacity and daily symptoms of dyspnoea in COPD patients82. However 
most studies lack to transfer these achievements into long-term observation83. 
Furthermore no studies are available investigating the effects of pulmonary reha-
bilitation on patients’ daily physical activity levels measured objectively by triaxial 
accelerometers.
In conclusion, elucidating the origin of systemic inflammation in COPD is challenging. 
Although various theories have been proposed, none have been proven suggesting 
that heterogeneity of determinants of systemic inflammation in COPD has to be 
considered. A new pathway, the adipose tissue as the source of systemic inflamma-
tion in COPD, has opened up and seems worth investigating. Physical inactivity is 
also associated with systemic inflammation in the general population; however no 
data exists in connection with patients with COPD. Furthermore quantifying physi-
cal activity seems of particular interest in chronically ill patients as physical inactivity 
has various detrimental effects on patients’ morbidity and mortality.
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Body composition
In COPD changes in body composition are the most intensively investigated sys-
temic manifestation. In particular low body weight and muscle mass have been well 
recognized in the 90ies and were associated with extra-pulmonary symptoms like 
exercise intolerance84, muscle weakness85 and an impaired disease-specific health 
status86. Moreover, fat free mass index (FFMI; fat free mass (FFM) in kilogram di-
vided by square height in meters) as an indirect marker for skeletal muscle mass is 
a significant predictor of mortality independent of sex, smoking, lung function and 
BMI87,88. The prevalence of FFM depletion is about 25% in patients with an impaired 
lung function and higher in patients with COPD compared to healthy subjects89.
Overweight and obesity, defined by an increased BMI of >25kg/m2 for over-
weight and >30kg/m2 for obesity, have gained some attention during the last years 
in connection with COPD. In general overweight and obesity have become a 
global health problem affecting nowadays 1.5 billion adults around the world90. 
Therefore in 2008 the World Health Organisation ranked overweight and obe-
sity as being the fifth leading risk for global deaths70. Overweight and obesity have 
been associated with increased death rates from cardiovascular and cerebrovas-
cular disease and different types of cancer91. Moreover in large pooled analyses 
of prospective studies including 1.46 million participants, overweight and obesity 
were associated with an increased all cause mortality within analyses restricted to 
never smoking participants without diagnosed heart disease or cancer92.
In a large COPD primary care population the prevalence of obesity was about 
18% in the total population with the highest prevalence of about 24% in mild to 
moderate COPD93. Data from an U.S. COPD sample show even a much high-
er prevalence of about 50%94. In contrast, in the U.S. the prevalence of obe-
sity in the general population was about 24%95, suggesting that the prevalence of 
obesity in COPD is higher compared to the general population. In addition the 
prevalence of obesity might differ between various clinical phenotypes of COPD 
(emphysema versus chronic bronchitis)96. The detrimental effects of obesity and 
COPD seem obvious, though no mechanistic studies have explored the exact 
pathophysiological interactions that occur when both conditions exist in the same 
individual. Decreased chest wall and lung compliance, small airway dysfunction 
and expiratory flow limitation, preservation of FEV1/ FVC ratio, and an increased 
work and oxygen cost of breathing are only some effects to be mentioned97. 
Interestingly when looking at the prognostic value of obesity in COPD, the rela-
tive risk of mortality in overweight and obese COPD patients seems increased 
in severe to very severe patients and decreased in mild to moderate patients98,99. 
This is of particular interest as in the general population several studies investi-
gating the relation between BMI and all-cause mortality indicate the optimal BMI 
between 21-25 kg/m2 100,101.  This phenomenon is referred to as the ‘obesity 
paradox’ or the ‘reverse epidemiology of obesity’ and has already been described 
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in other chronic diseases like chronic heart and kidney failure, and rheumatoid 
arthritis102. The exact pathophysiological pathways are yet to be elucidated. Im-
portant to note is that BMI can cover a decreased FFM if fat mass is increased. 
Indeed while FFM depletion is more pronounced in COPD patients with GOLD 
Stage 4, FFM depletion still occurs in the overweight to obese patients93. In the 
general population sarcopenic obesity, the loss of muscle mass co-occurring with 
an increased fat mass, has gained research interest as the prevalence in older-age 
individuals is increasing103. It is assumed that sarcopenic obesity may carry the cu-
mulative risk derived from each of the two including hypertension, dyslipidaemia, 
and insulin resistance associated with obesity as well as physical inactivity, frailty, 
falls and fractures associated with the loss of muscle mass104. The pathogenesis is 
complex and multi-factorial incorporating lifestyle (physical inactivity, diet, smok-
ing), endocrine (corticosteroids, insulin), but also immunological (inflammation, 
reactive oxygen species) factors105,106. Therefore using only BMI to predict pa-
tients’ future outcomes is no longer valid. Other objective measuring methods 
like bioelectrical impedance analyses (BIA) or dual-energy X-ray absorptiometry 
(DXA) have been developed to accurately distinct between fat free and fat mass 
in the individual patient107,108.
Adipose tissue contains approximately 30 billion adipocytes which undertake 
various physiological functions; most importantly producing and secreting various 
proteins, so called adipokines109. Adiponectin and leptin make up the majority 
of adipokines. Circulating leptin is originally described as an adipoctye derived 
hormone involved in the progress of limiting food intake, increasing energy ex-
penditure and decreasing metabolic efficiency by activating its functional receptor 
(Ob-Rb) in the hypothalamus110. The structure of leptin and its receptor classify 
leptin as a type I cytokine, which increases acutely by inflammatory and infectious 
stimuli such as TNF and lipopolysaccharide111. Leptin secretion and expression 
are also regulated by a variety of other factors. For example directly proportional 
to adipose tissue mass and nutritional status, adipocytes secrete leptin and hereby 
leptin is positively linked with BMI and fat mass112. Furthermore leptin levels are 
also increased by insulin, glucocorticoids, and estrogens and decreased by andro-
gens, free fatty acids, and growth hormone113. In the general population circulating 
leptin levels have been positively related to cardiovascular disease114,115 and in ad-
dition are gender related and higher in healthy women compared to healthy men, 
independent of BMI116. The role of circulating leptin in the involvement of the 
systemic inflammation in COPD has not been thoroughly researched and only in 
connection with male COPD patients with a low BMI (<21 kg/m2)117. From this 
study it is concluded that circulating leptin plays a physiological role in COPD, 
even in underweight patients.
Adiponectin, almost exclusively produced by adipocytes, has a collagen-like domain 
followed by a globular domain that is similar to complement factor C1q118. Adi-
ponectins globular domain is able to form trimers and then assemblies into higher-
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order oligomeric structures118. Its effects are mediated through two receptors, adi-
ponectin receptors 1 and 2, which show different tissue distribution and different 
affinity for their ligand119. Plasma adiponectin is known to increase fatty acid oxida-
tion and to reduce the synthesis of glucose in the liver120. Adiponectin has various 
protective anti-inflammatory effects on the metabolic derangements that may result 
in a lower risk for the development of atherosclerosis and type II diabetes121. In gen-
eral, circulating levels of adiponectin are higher in women compared to men, and 
decrease with increasing BMI122. Plasma adiponectin levels are negatively correlated 
with CRP levels in obesity or patients with type II diabetes123. Despite its role in im-
provement of insulin sensitivity, increased levels of adiponectin seem to be able to 
decrease cardiovascular risk. Clinical studies have identified an association between 
low serum levels of adiponectin and coronary artery disease, hypertension, left ven-
tricular hypertrophy and a greater risk of myocardial infarction124-126. Despite these 
direct beneficial effects of adiponectin in the development of cardiovascular mor-
bidity, the role of adiponectin in clinical practice remains unclear. Indeed, in patients 
with chronic heart failure as well as chronic renal failure, higher adiponectin levels 
have been associated with an increased cardiac and all-cause mortality127,128. Limited 
data and inconclusive results are available related to the involvement of adiponectin 
in the pathophysiology of COPD. A previous report suggests an altered adipokine 
metabolism with increased levels of adiponectin that is related to the inflammatory 
reaction in COPD-related cachexia129. However the role of an adipokine imbalance 
in relation to systemic inflammatory biomarkers has never been investigated so far 
in COPD.
In conclusion the prevalence of obesity in COPD is high. In COPD the systemic ef-
fects of adipocytes derived adipokines are so far limited to underweight men. While 
circulating leptin might be a pro-inflammatory cytokine worth investigating in the 
state of low-grade systemic inflammation in COPD, adiponectin may be, besides its 
beneficial biological effects, an indirect marker of the multi-component severity in 
COPD. Further studies need to be done in order to explore the potential role of 
adipokines as a contributing factor in the disease progression in COPD.

Metabolic syndrome
The general definition on the diagnosis of the metabolic syndrome has a long his-
tory. Starting back in the beginning of the 20th century first attempts were made to 
cluster various symptoms like obesity, glucose intolerance and hyperinsulinemia 
together and draw an association between them. Upper body obesity and the 
predisposition for developing type II diabetes, hypercholesterolemia, and hyper-
uricemia has gained even more attention as an positive association between arte-
riosclerosis and obesity has been established130. In this context, additive effects of 
risk factors for atherosclerosis were firstly described as ‘the metabolic syndrome’ 
in the 1970ies. However, other terms such as ‘insulin resistance syndrome’131, 
‘syndrome X’132 or ‘the deadly quartet’133 have been used for the last decades. 
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The main risk factors for developing the metabolic syndrome include obesity, 
endocrine disorders as well as physical inactivity. Although a lot of effort has been 
made to elucidate the mechanisms of possible pathophysiological pathways of 
the metabolic syndrome many questions remain unanswered. Briefly, the most 
accepted hypothesis to describe the pathophysiology of the syndrome is insulin 
resistance. Of note, the most important action of insulin is the inhibition of lipoly-
sis from adipose tissue134. One of the main contributors to insulin resistance is 
an overabundant of free fatty acids, which derive through lipolysis135. Therefore, 
when insulin resistance develops, the increased amount of lipolysis in adipose 
tissue stimulates the production of more free fatty acids which in turn inhibit the 
anti-lipolytic effect of insulin, creating additional lipolysis.  
Several expert groups have developed clinical criteria for the metabolic syndrome 
(World Health Organisation, National Cholesterol Education Program-Third 
Adult Treatment Panel; ATP III), but conflicting results and most of all the lack 
of clinical feasibility led to the need of a single, universally accepted diagnostic 
tool. In 2006 the International Diabetes Federation (IDF) modified the ATP III 
definition of the diagnosis of the metabolic syndrome and published updated 
criteria which are the most widely used now136. Central (abdominal) obesity is 
used as a cornerstone for the diagnosis of the metabolic syndrome since central 
obesity has been acknowledged as a causative factor137. Central obesity is eas-
ily measured by using waist circumference and is independently associated with 
each of the other metabolic syndrome components including the consequences 
of insulin resistance138-140. Although insulin resistance is a prerequisite risk factor 
within the guidelines, insulin resistance is not an essential requirement for the 
diagnosis of metabolic syndrome, mostly because of the difficulties in assessing it 
in day-to-day clinical practice. Measuring waist circumference follows gender and 
ethical group specific cut-offs. For European men a waist circumference of ≥94cm 
and for European women a cut off of ≥80 cm is used to define central obesity136. 
Dyslipidaemia describes the combination of low levels of high-density-lipoprotein 
(HDL) along with raised triglycerides, all of which are atherogenic141. In addition, 
both disorders are commonly observed in patients with type II diabetes and are 
associated with coronary heart disease142,143. Increased levels of systolic or dias-
tolic blood pressure fulfil the criteria on the definition of the metabolic syndrome 
(table 1).
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table 1. Definition of the metabolic syndrome according to the IDF

Definition of the metabolic syndrome (International Diabetes Federation; IDF)

For a person to be defined as having the metabolic syndrome they must have:
Central obesity (defined as waist circumference* with ethnicity specific values)
plus any two of the following four factors:

raised triglycerides
≥ 150 mg/d (1.7 mmol/L) 
or specific treatment for this lipid abnormality

reduced HDL
cholesterol

< 40 mg/dL (1.03 mmol/L) in males 
< 50 mg/dL (1.29 mmol/L) in females 
or specific treatment for this lipid abnormality

raised blood
pressure

systolic blood pressure ≥ 130 or diastolic blood pressure ≥ 85 mmHg 
or treatment of previously diagnosed hypertension

raised fasting
plasma glucose

≥ 100 mg/dl (5.6 mmol/L), 
or previously diagnosed type II diabetes
If above 5.6 mmol/L or 100 mg/dL, OGTT is strongly recommended but 
is not necessary to define presence of the syndrome.

* If BMI is >30kg/m2 central obesity can be assumed and waist circumference does not need to 
be measured. 

It is estimated that around 25% of the world’s adult population suffer from the 
metabolic syndrome which is associated with the global epidemic of obesity and 
type II diabetes136. Having the metabolic syndrome is linked to an increased risk 
of cardiovascular mortality and an increased incidence of cardiovascular disease 
even among populations initially free of type II diabetes and cardiovascular dis-
ease144. In addition, the risk of developing type II diabetes is fivefold greater in 
people with metabolic syndrome145. The IDF mentioned the fact that criteria used 
in Asian and other populations could be different from those used in the west. 
Indeed, the effect of ethnic origin is reflected in a comparison of the prevalence 
of metabolic syndrome within U.S. adults146. Interestingly it has been established 
that the prevalence of the metabolic syndrome is highly-age dependent. Several 
reports from different geographical areas such as Iran and France147 as well as 
from the U.S.146 clearly show a prevalence of less than 10% for both men and 
women in the below 30 years age group, rising up to 40% for those aged 60-69 
years. Until recently the metabolic syndrome and type II diabetes were regarded 
as diseases of older age. However, rates of obesity are increasing in the younger 
age groups and are also evident in childhood148.
It is well recognised that multi-morbidity – two or more chronic morbidities - 
becomes more common with age149 and is associated with a reduced functional 
status150,151, high mortality152, and an increased use of health care utilities153,154.  
Interestingly, more than half of people with multi-morbidity are younger than  
65 years155. As COPD is a disease of older age an interrelationship between 
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COPD and the metabolic syndrome deserves more research. When starting 
this PhD only one small sized sample study investigating the prevalence of the 
metabolic syndrome in COPD and healthy subjects was available69. The authors 
reported a prevalence of around 47% in a sample of 38 COPD patients using the 
NCEP/ ATP III criteria69. Based on these findings, but also due to the increased 
risk of developing type II diabetes156 and cardiovascular disease in COPD157 the 
metabolic syndrome was incorporated into the panel of ‘diagnostic components 
of the chronic systemic inflammatory syndrome’158. This panel has been proposed 
as an overarching approach to diagnose, assess, and manage COPD and its fre-
quent co-morbidities.
In conclusion the metabolic syndrome seems highly prevalent in patients with 
COPD. Therefore further studies are needed to investigate the prevalence of the 
metabolic syndrome compared to healthy subjects, as well as to elucidate possi-
ble contributions of the syndrome on patient related outcomes such as functional 
exercise intolerance or disease-specific health status.
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Research questions

■ Are obese COPD patients more likely to have highly elevated CRP levels 
compared to normal weight COPD patients?

■ In COPD is abdominal fat mass, measured by DXA-scan, associated with  
plasma CRP levels?

■ Is there a positive association between host related factors such as age, gen-
der, and body composition with different systemic inflammatory biomarkers 
in COPD? And furthermore, is there an interrelationship between these sys-
temic inflammatory biomarkers including CRP, fibrinogen and TNFa and its 
soluble receptors R1 and R2?

■ Is there an association between circulating adipokines and systemic inflamm-
atory biomarkers in COPD compared to healthy subjects?

■ Are there gender related differences in the adipokine metabolism in relation 
to systemic low-grade inflammation in COPD?

■ Is Nordic walking a feasible training method and is Nordic Walking able to 
increase the daily physical activity pattern in patients with COPD?

■ Is the daily physical activity pattern comparable in patients with COPD from 
two different origins as Europe and South America?

■ Is the prevalence of the metabolic syndrome in COPD comparable to healthy 
subjects and does the metabolic syndrome contributes to patients related 
outcomes such as functional exercise intolerance, disease-specific health  
status and/ or co-morbidity profile in COPD?
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Outline of the thesis

■	 chapter 2 focuses on an overweight and obese BMI in patients with COPD 
and on the likelihood of having increased systemic inflammatory biomarkers 
in particular CRP compared to normal weight COPD patients. 

■	 chapter 3 describes the relevance of abdominal fat mass in COPD and a 
possible link with the presence of a state of low-grade systemic inflammation.  

■	 chapter 4 focuses on the influence of host related factors including age, gen-
der, and body composition on different systemic inflammatory biomarkers. 
Moreover the interrelationship between these inflammatory biomarkers will 
be described. 

■	 chapter 5 aims to compare plasma levels of adipokines like leptin and adi-
ponectin with systemic inflammatory biomarkers such as CRP, IL-6, TNF in 
COPD and healthy subjects. 

■	 chapter 6 focuses on the complex relationship between adipokine metabo-
lism and systemic low-grade inflammation in male and female COPD patients 
and healthy subjects. 

■	 chapter 7 determines the feasibility of Nordic Walking in COPD patients at 
different disease stages and the long-term effect of Nordic Walking on pati-
ents’ daily physical activity pattern. 

■	 chapter 8 compares the daily physical activity pattern of patients with COPD 
from Brazil and Austria. 

■	 chapter 9 focuses on the prevalence and a possible impact of the metabolic 
syndrome in COPD patients on patient related outcome parameters such 
as functional exercise capacity, disease-specific health status and co-morbidity 
profile.
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highly elevated C-reactive protein  
levels in obese patients with COPD:  
a fat chance?
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Abstract

Background and Aims

Chronic obstructive pulmonary disease (COPD) has been recognized as a multi 
component disease. Currently, limited data are available about determining fac-
tors of systemic inflammation in COPD, in particular C-reactive protein (CRP).
The aim was to determine whether and to what extent COPD patients with a 
low, high or obese body mass index (BMI) are more likely to have elevated CRP 
levels compared to normal-weight COPD patients. Furthermore, we aimed to 
explore the effects of clinical relevant covariates on the likelihood of having ele-
vated CRP levels.

Methods

In 628 elderly patients with moderate to severe COPD (61% male), lung function 
and BMI were assessed before entering pulmonary rehabilitation. In addition, 
blood was collected in the fasted state. High sensitive C-reactive protein (CRP) 
was classified into: normal, ≤ 3; elevated, > 3-5 and highly elevated, > 5 mg/l.

Results

Obese COPD patients (BMI ≥ 30 kg/m2) were 3.3 times more likely (95% CI, 
1.5-7.0, p=0.002) to have highly elevated CRP levels compared to normal weight 
(BMI 25-29.9 kg/m2) COPD patients after taking clinical relevant confounders 
into account. In contrast, COPD patients with a low BMI (<21 kg/m2) were 2 
times less likely (OR, 0.5; 95% CI, 0.3-0.9, p=0.022) to have highly elevated CRP 
levels compared to normal weight peers.

Conclusion

Obese BMI is associated with highly elevated CRP levels in patients with COPD. 
These findings are suggestive for an adipocyte-induced systemic inflammation in 
COPD.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a disease characterized by a 
partially reversible airflow limitation1. Additionally, COPD has been recognized as 
a multi component disease in which extra-pulmonary features like exercise into-
lerance and abnormal changes in body composition may adversely affect health 
status and survival, irrespective of the degree of airflow limitation2-6. Low-grade 
systemic inflammation has also been shown to be a systemic feature in patients 
with clinically stable COPD compared to healthy peers7, which transiently increa-
ses during acute COPD exacerbations8. In particular, elevated C-reactive protein 
(CRP) levels have been related to adverse clinical outcomes in COPD, like a 
decreased functional exercise capacity9, a reduced daily physical activity level10, a 
decreased health status9, an increased risk for cardiac injury11, increased arterial 
stiffness12, an increased risk for hospitalizations13 and worse survival14. In fact, in-
creased CRP levels have been suggested as one of the diagnostic components of 
the chronic systemic inflammatory syndrome15.

Limited data are available about the determining factors of elevated CRP levels in 
patients with COPD. Currently, elevated CRP levels have been shown to be po-
sitively related to the degree of airflow limitation16 and to body mass index (BMI; 
body weight in kilograms divided by squared height in meters) in patients with 
COPD9,17,18. Nevertheless, the positive relationship between highly elevated CRP 
levels and increased BMI in COPD has only been studied in limited sample sizes 
and has not been corrected for all confounding variables together, like the degree 
of airflow limitation7 and age17. In fact, the latter positive relationship has also been 
recognized in patients with coronary heart disease19 and in overweight and obese 
participants of the Third National Health and Nutrition Examination Survey, who 
were more likely to have elevated CRP levels compared to their normal-weight 
peers20. It may therefore be reasonable to hypothesize those COPD patients 
with a high BMI (25 to 29.9 kg/m2) or an obese BMI (≥ 30 kg/m2) are more 
likely to have elevated CRP levels than COPD patients with a normal BMI (21 to 
24,9kg/m2) or a low BMI (21kg/m2). Surprisingly, this hypothesis has never been 
studied and the likelihood of having highly elevated CRP levels in high or obese 
BMI patients with COPD has not been investigated so far.

Therefore, the aim of the present study was to determine whether and to what 
extent COPD patients with a low, high or obese BMI are more likely to have 
elevated CRP levels compared to normal-weight COPD patients and to explore 
the effects of clinically relevant covariates like age, sex, disease severity, long-term 
oxygen therapy (LTOT), co-morbidities and current pharmacological therapy, on 
the likelihood of having elevated CRP levels.
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Methods

Study population

Data were collected prospectively in 628 consecutive COPD patients entering 
pulmonary rehabilitation between January 2005 and March 2007 at the Centre 
for Integrated Rehabilitation of Organ failure (CIRO) in Horn, the Netherlands. 
All patients gave informed consent. The local ethical committee, Maastricht, the 
Netherlands, approved the study. Some of the patients were part of a previous 
study21. Additionally, patients’ smoking status (never-, former- and current-smo-
ker), self-reported co-morbidities (Charlson co-morbidity index22), and use 
LTOT were recorded. Furthermore, patients’ current pharmacological treatment 
was registered (inhaled and oral corticosteroids, anti-hypertensive treatment, sta-
tins, anti-inflammatory drugs and others).

Lung function assessment

Lung function parameters (forced expiratory volume in the first second, FEV1; 
forced vital capacity, FVC) were collected using standardized spirometry (Master-
lab, Viasys, Germany). The degree of severity of airflow limitation was classified 
according to the GOLD guidelines (GOLD stage 1: FEV1/FVC<70% and 
FEV1>80% of the predicted values; GOLD stage 2: FEV1/FVC<70% and FEV1 
between 80 and 50% of the predicted values; GOLD stage 3: FEV1/FVC<70% 
and FEV1 between 50 to 30% of the predicted values; and GOLD stage 4: FEV1/
FVC<70% and FEV1 <30% of the predicted values or FEV1 <50% of the predicted 
values plus chronic respiratory failure)1.

Body composition analyses

Body height was measured to the nearest 0.1 cm. Body weight was assessed by 
using an electronic beam scale with digital readout to the nearest 0.1 kg after 
emptying the bladder and with the subjects standing barefoot and wearing light 
indoor clothing. BMI was calculated as body weight / height2. A priori, BMI was 
categorized into low (21kg/m2), normal (21 to 24.9kg/m2), high (25 to 29.9kg/m2) 
and obese (≥ 30kg/m2)23. Body composition (fat free mass, FFM and fat mass, 
FM) has been assessed using an overnight-fasting bioelectrical impedance assess-
ment (Bodystat®). FFM was calculated by using disease and gender-specific equa-
tions24. FFM index (FFMI) was calculated as FFM in kilogram divided by squared 
height in meters. FFM depletion was defined as FFMI ≤15 (females) or ≤16 (males) 
kg/m2 25. FM in kilogram was calculated as total body weight minus FFM, while FM 
percentage (FM%) as FM in kilogram divided by the total body weight multiplied 
by 100. A high FM% was defined after correction for age and gender26.
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Laboratory analysis

A venous blood sample was collected from all patients in the fasted state. High-
sensitive CRP was chosen as a marker of systemic inflammation, assessed in  
duplicate by high-sensitivity particle-enhanced immunoassay (COBAS Micra, Ra-
diometer, Copenhagen). CRP levels were categorized into three groups: normal  
(≤ 3mg/L), elevated (> 3-5mg/L) and highly elevated (> 5 mg/L)27.

Statistical analyses

Kruskal-Wallis Test for independent samples was performed to assess differences 
in median CRP levels after stratification for GOLD, BMI, FFMI, FM and use/non 
use of antibiotics. The association between CRP levels and BMI was examined by 
using multinomial logistic regression. CRP levels were defined as dependent vari-
able with normal CRP levels as the reference category. BMI was classified as inde-
pendent variable using normal BMI as the reference category. Additionally, adjust-
ment for potential confounders were made: age (groups: <55, 55-64, 65-74, ≥75 
years)17, smoking28, disease severity7, LTOT29, presence of co-existing morbidi-
ties11,30,31 and current medication like inhaled and oral corticosteroids32, antihyper-
tensive treatment33, statins34 and others. Odds ratios (OR) accompanied by the 
95% confidence intervals (CI) were recorded. Analyses were performed using 
Statistical Package for the Social Sciences (SPSS) version 15.01. for Windows. A 
p-value of ≤0.05 was considered significant.
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Results
On average, the elderly patients had moderate to severe COPD, a high BMI, a 
normal FFMI and a normal FM (table 1). FEV1, forced expiratory volume in 1 
second; FVC, forced vital capacity; FFMI, fat free mass index; FM, fat mass; SEM, 
standard error of the mean. Although patients had to be clinically stable at the 
time they were entering pulmonary rehabilitation, 57 patients (9%) were finishing 
a course of oral antibiotics. These patients were equally distributed over the four 
BMI categories (low BMI: 6%; normal BMI 10%; high BMI: 9%; obese BMI: 10%; 
p=0.470). 

table 1. Baseline characteristics

N=628 Mean SEM
Age, years 64.0 0.4
Male sex, % 61 -
FEV1; % predicted 42.1 0.6
FEV1/FVC; % predicted 41.5 0.5
GOLD I, II, III, IV; % 3, 23, 48, 26 -
BMI; kg/m2 25.1 0.2
BMI low, normal, high, obese; % 23, 33, 28,16 -
FFMI; kg/m2 16.3 0.1
FFMI low, normal; % 43, 57 -
FM; kg 24.8 0.4
FM low, normal, high; % 1, 53, 46 -
smoking status
never, former, current smoker, % 2, 73, 25 -

FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; FFMI, fat free mass index; 
FM, fat mass; SEM, standard error of the mean.
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CRP levels

Median CRP levels for the whole group were 4.6 mg/L (25th-75th percentile: 1.4-
11.1). Median CRP levels were not different after stratification for GOLD stages 
(p=0.712), users/non-users of antibiotics (p=0.944), users/non-users of inhaled 
(p=0.241), or users/non-users of oral corticosteroids (p=0.557). Contrary, sig-
nificant differences in median CRP levels were found after stratification for body 
composition and smoking status (table 2). CRP was elevated or highly elevated 
in 11.2% and 47.8% of the COPD patients, respectively. Highly elevated CRP le-
vels were significantly more prevalent in obese COPD patients compared to pa-
tients with a low, normal or high BMI (p<0.01; Figure 1). Furthermore, normal 
CRP levels were significantly less prevalent in obese COPD patients compared to 
patients with a low, normal or high BMI (p<0.01). Additionally, 59% of the pati-
ents with an abnormal low FFMI had CRP levels < 5mg/l, while none of the obe-
se patients with highly elevated CRP levels (> 5mg/l) had an abnormal low FFMI. 
Finally, patients with an abnormal low FFMI plus a low BMI (n=135) had signifi-
cantly lower median CRP levels (2.00 mg/l, 25th-75th percentile: 0.8-9.0) than 
patients with an abnormal low FFMI plus a normal (n=119) or high BMI (n=14) 
(4.00 mg/l, 25th-75th percentile: 1.4-9.3; and 8.18 mg/l, 25th-75th percentile: 2.4-
33.5; both: p<0.05), respectively. None of the patients with an abnormal low 
FFMI had an obese BMI. Mean (SE) transfer factor for carbon monoxide was si-
milar after stratification for CRP strata (normal CRP: 51.4 (0.3)% predicted, ele-
vated CRP: 51.5 (0.3)% predicted; and highly elevated CRP: 51.5 (0.3)% predic-
ted). Idem for arterial oxygen pressure: 9.2 (0.1) kPa; 9.1 (0.1) kPa; and 9.1 (0.1) 
kPa, respectively.

Figure 1. Prevalence of normal, elevated or highly elevated CRP levels after stra-
tification for BMI (N = 628). 

CRP, C-reactive protein.
*p < 0.01 vs. low, normal and high BMI; †p < 0.05 vs. normal BMI; §p < 0.01 vs. high BMI.
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table 2. Median CRP levels after stratification for GOLD, body composition, use/
non-use of antibiotics, inhaled and oral corticosteroids and smoking status

crP

Percentiles

N Median 25th 75th

GOLD 628

I 18 4.2 0.7 12.5

II 147 4.2 1.5 11.1

III 303 4.4 1.4 11.0

IV 160 5.2 1.5 11.7

BMI; kg/m2 628

low 144 2.0* 0.8 8.7

normal 210 3.8*† 1.3 10.2

high 172 5.0*† 2.0 11.5

obese 102 7.9 3.4 14.0

FFMI; kg/m2 628

low 268 3.0§ 1.0 9.4

normal 360 5.4 2.0 11.9

FM; kg/m2 628

low 5 2.3$ 1.1 19.4

normal 331 3.3$ 1.0 9.6

high 292 5.7 2.1 12.6

antibiotics 628

user 57 5.7 1.4 11.6

non-user 571 4.5 1.4 11.1

inhaled CS 628

user 544 4.6 1.5 11.3

non-user 84 4.4 1.1 9.3

oral CS 628

user 136 5.8 1.6 14.9

non-user 492 4.4 1.4 10.2

smoking status 624

never smoker 14 5.0 1.4 17.6

former smoker 458 3.4 1.1 8.1

current smoker 152 8.7# 3.3 10.5

CRP, C-reactive protein; GOLD, Global initiative for Chronic Obstructive Lung Disease; FFMI, fat 
free mass index; FM, fat mass; CS, corticosteroids.
*p<0.01 vs. obese BMI; †p<0.01 vs. low BMI; §p<0.01 vs. normal FFMI; $p<0.01 vs. high FM.  
# p<0.01compared to former smoker.
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Multinomial logistic regression

BMI did not affect the likelihood of having elevated CRP levels (3-5 mg/L) in 
patients with COPD. However, the use of LTOT (OR, 2.6; 95% CI, 1.2-5.3; 
p=0.011) did increase the likelihood of having elevated CRP levels. Other cova-
riates did not contribute significant to the model of elevated CRP levels.
Obese COPD patients were 3.3 times more likely (95% CI, 1.5-7.0, p=0.002) to 
have highly elevated CRP levels (>5 mg/L) than normal-weight COPD patients. 
Contrary, COPD patients with a low BMI were 2 times less likely (OR, 0.5; 95% 
CI, 0.3-0.9, p=0.022) to have highly elevated CRP levels than normal-weight 
COPD patients. Younger patients were also less likely (OR, 0.4; 95% CI, 0.2-0.8, 
p=0.009) to have highly elevated CRP levels than older COPD patients. Additi-
onally, an increased likelihood for highly elevated CRP levels has been shown in 
male patients (OR, 1.8; 95% CI, 1.2-2.8, p=0.004), patients on LTOT (OR, 2.0; 
95% CI, 1.2-3.3; p=0.005) and in patients who used cardiac medication (beta-
blockers: OR, 2.5; 95% CI, 1.3-4.9; p=0.006; ACE inhibitors: OR, 1.9, 95% CI, 
1.1-3.4; p=0.03). Then again, use of statins (OR, 0.5; 95% CI, 0.3-0.9; p=0.018) 
showed a decreased likelihood of having highly elevated CRP levels compared to 
non-users (table 3). Other covariates did not reach the level of significance.

table 3. Variables and covariates of the highly elevated CRP model†

N B OR 95% CI p-value

BMI obese 102 1.184 3.27 1.5-7.0 0.002*

BMI high 169 0.264 1.30 0.7-2.3 0.379

BMI low 144 -0.660 0.52 0.3-0.9 0.022*

Age, years <65 315 -0.980 0.38 0.2-0.8 0.009*

Male 381 0.612 1.84 1.2-2.8 0.004*

LTOT 148 0.692 2.00 1.2-3.3 0.005*

Beta-blocker 67 0.923 2.52 1.3-4.9 0.006*

ACE inhibitors 87 0.638 1.89 1.1-3.4 0.030*

Statins 113 -0.668 0.51 0.3-0.9 0.018*

CVD 145 0.168 1.18 0.7-2.0 0.513

DM 53 0.424 1.52 0.8-3.0 0.216

ID 16 0.382 1.47 0.4-5.3 0.559

†Data are adjusted for age, sex, smoking, disease severity, co-morbidities, FFMI, FM%, LTOT, phar-
macological treatment.
OR, odds ratio for CRP >5 mg/l; CI, confidence interval; BMI, body mass imdex; LTOT, long term 
oxygen therapy; ACE inhibitors, Angiotensin converting enzyme inhibitors; CVD, cardiovascular 
disease; DM, diabetes mellitus Type II; ID, inflammatory disease.   *p<0.05.
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Discussion
This is the first study demonstrating an increased likelihood of having highly ele-
vated CRP levels in obese patients with COPD compared to normal-weight 
peers after taking clinically relevant confounders into account. 

Obesity and CRP

Obese COPD patients were 3.3 times more likely to have highly elevated CRP 
levels compared to normal weight COPD patients. These findings confirm our 
hypothesis and are in line with previous findings, where a positive relationship has 
been found between CRP levels and BMI in patients with COPD, irrespective of 
FFMI9,17,18. Nevertheless, the present study is the first to take into account clinically 
relevant confounders. A close relationship between elevated CRP levels and an 
obese BMI has also been found in healthy and cardiac populations19,35,36. 
An increased likelihood of having highly elevated CRP levels in humans with an 
obese BMI may in part be explained by the fact that increased adipose tissue in-
duces increased levels of adipocytokines which in turn may stimulate production 
of CRP in the liver37. Indeed, interleukin 6 and tumor necrosis factor alpha have 
been shown to stimulate the production of the acute phase protein CRP through 
facilitating hepatocytes37. This may be the simplest explanation for an increased 
likelihood of having highly elevated CRP levels in obese COPD. To date, however, 
it remains unknown whether disease-specific factors like hypoxia influence fat 
mass metabolism, as indicated in a recent published review 38. In addition, re-
search exposed that the fat mass in patients with COPD is a risk factor in the 
metabolic disarrangements39. Even, in COPD patients with a comparable body 
composition the control group showed greater extent of insulin resistance40. 
More research is however needed to confirm the hypothesis.
The adverse clinical consequences of having highly elevated CRP levels in COPD 
remain currently unknown. Nevertheless, it seems reasonable to hypothesise 
that highly elevated CRP levels in combination with an obese BMI may contribute 
to the development of co-existing morbidities in COPD, like insulin resistance40, 
metabolic syndrome41, type II diabetes30,42 and cardiovascular disease35. 
Unfortunately, outcomes of cardiovascular diseases were not included in the  
present study. However, increased CRP and obese BMI have both been shown to 
decrease the survival in patients with mild to severe COPD compared to patients 
with normal CRP or BMI, respectively13,43. Currently it remains unknown why  
an obese BMI in patients with severe COPD is associated with better survival 
compared to low BMI patients43. In the general population, obesity is associated 
with worse survival44, which paradoxically cannot be applied to chronic organ 
failure45, leading to the so-called term ‘obesity paradox’. 
The findings of the present study support the hypothesis that CRP itself is not the 
source of adverse events but the reason for its production is the important  
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feature46, which would explain a decreased mortality in obese patients. Following, 
this hypothesis may imply that different ‘normal’ ranges of CRP levels should be 
developed for different BMI strata in COPD.

Loss of fat-free mass and CRP

Highly elevated CRP levels have been presumed to be partially responsible for an 
abnormal low FFMI and an involuntary loss of body weight in COPD47. Additio-
nally increased CRP levels were found in COPD patients with a low creatinine-
height index in combination with low BMI48. 
Albeit the current data do not exclude the possible presence of highly elevated 
CRP levels in COPD patients with a low BMI, the present results do show a clear 
reduction in the likelihood of having highly elevated CRP levels in COPD patients 
with a low BMI compared to normal weight peers. In addition, it may even be 
reasonable to hypothesize that different inflammatory ‘systems’ are involved in 
different phenotypes of COPD defined by BMI. In fact, a majority of the patients 
with an abnormal loss of fat-free mass (59%) did not have highly elevated CRP 
levels. 
This may in part be explained by the fact that a reduced daily physical activity level 
resulting in muscle atrophy can be the main cause of loss of muscle mass in 
COPD49,50. This theory is partly supported by two important findings: 
1) an abnormal loss of fat-free mass can partly be restored by performing speci-

fic physical exercises (i.e. resistance training51) and 
2) Crul and colleagues52 and Barreiro and colleagues53 both have shown that 

markers of inflammation were not increased in quadriceps muscle of COPD 
patients compared to healthy peers. 

So, whether or not highly elevated CRP levels may play a role in the development 
and/or maintenance of an abnormal loss of muscle mass in COPD remains cur-
rently unknown. Nevertheless, when highly elevated CRP levels play partly a role 
this seems to be counteracted by an increased daily mechanical load on the mus-
cles of ambulation in obese COPD patients. Indeed, none of the obese COPD 
patients with highly elevated CRP levels had an abnormal low FFMI.

Methodological considerations

The following methodological limitations have to be considered: The study popu-
lation consisted of an older age group of COPD patients entering pulmonary re-
habilitation. However, many studies looking at body composition enrolled COPD 
patients entering pulmonary rehabilitation6,47. 
Additionally, prevalence of an increased BMI (44%) was comparable to a random 
COPD cohort2. Obviously the present results have to be corroborated in a lon-
gitudinal study. In addition, the present study stated that patients with a low BMI 
have a lower likelihood of having highly elevated CRP levels. Nevertheless, there 
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is still no consistency whether or not CRP is the sentinel biomarker for systemic 
inflammation. So, patients with normal CRP levels do not have per se no systemic 
inflammation. Nevertheless, changes in weight over time may be more closely 
related to systemic inflammation. For this purpose, longitudinal studies are war-
ranted.
Although CRP has been shown to be a possible biomarker for separation bet-
ween disease stages16, there was no significant entry of disease severity to our 
multinomial logistic regression model. Previous cross-sectional studies have 
shown also an inverse relationship between FEV1 and circulating CRP levels in 
COPD16,54. However this relationship is lost in longitudinal studies54.
Co-existing morbidities did not enter the multinomial logistic regression model 
significantly, while cardiovascular medication and statins did. At first sight, this may 
be somewhat surprising, however the Charlson co-morbidity index does not re-
port all cardiovascular diseases which maybe related with Beta-blockers, ACE-
inhibitors or statins. 
The present study did not include a control group. However, future studies 
should focus on the effect of disease specific factors like hypoxia on the adipocy-
te induced inflammation in patients with COPD and healthy control subjects.

Conclusion

In conclusion, COPD patients with an obese BMI are more likely to have highly 
elevated CRP levels compared to normal weight COPD patients. Moreover, 
COPD patients with a low BMI were less likely to have highly elevated CRP levels 
compared to normal weight COPD patients. These findings are suggestive for an 
adipocyte-induced systemic inflammation in COPD.
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Abdominal fat mass contributes to  
the systemic inflammation in chronic 
obstructive pulmonary disease
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Abstract

Back ground and aims

Altered body composition in chronic obstructive pulmonary disease (COPD) is 
often reflected by muscle wasting, while only few studies have focused on ab-
dominal fat mass. The contribution of abdominal fat mass to the systemic inflam-
mation often present in COPD has not been examined yet. The aim of the pre-
sent study was to investigate if abdominal fat mass contributes to the systemic 
inflammation in patients with moderate to severe COPD. 

Methods

Muscle wasting (fat-free mass index <17.1kg/m2 for men and 14.6kg/m2 for wom-
en) and abdominal fat mass (android/gynoid %fat mass >1.0 for men and >0.8 
for women) were assessed by dual energy x-ray absorptiometry in 295 patients 
with moderate to severe COPD (175 men). Plasma C-reactive protein (CRP) 
concentration was analysed by high sensitive (HS)-ELISA. 

Results

Diffusion capacity was higher in patients with abdominal obesity. In addition, fat 
mass index was a significant determinant for plasma CRP concentration. In a sub-
group of patients with CRP<5mg/l (n=168), CRP was positively associated with 
abdominal fat mass. In addition, a significant proportion of abdominal obese pa-
tients had muscle wasting, and CRP levels were higher in these patients compared 
to the patients without abdominal obesity. 

Conclusions

Abdominal fat mass contributes to the systemic inflammation in COPD. This 
study provides further evidence for systemic phenotyping of patients with COPD 
incorporating besides markers of muscle mass also markers of abdominal obesity.  
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Introduction
Chronic obstructive pulmonary disease (COPD) is traditionally characterized by 
partially irreversible airflow limitation, but nowadays, COPD is accepted as a sys-
temic disorder reflected in a variety of extra-pulmonary features1. As one of these 
features, muscle wasting is often shown2 predominantly in the patients with em-
physema3. Identifying causes and treatment of skeletal muscle wasting received a 
lot of attention4 as it is negatively associated with exercise capacity5, quality of life6 
and survival7. In contrast, the contribution of fat mass (FM) and its distribution in 
the systemic pathology of COPD have reached only just some attention. Available 
data indicate a prevalence of obesity (defined by BMI > 30kg/m2) in mild-to-
moderate COPD patients of about 20%8. In addition, about 40% of male and 
20% of female patients with COPD entering a cardiopulmonary rehabilitation in 
Canada were obese9. Remarkably, in the same manuscript, about 70% of the men 
and 45% of the women showed abdominal obesity (defined by waist circumfer-
ence >102 cm for men, >88 cm for women). These data indicate that there is a 
subgroup of patients with normal weight but abdominal obesity. However, the 
systemic consequences of abdominal obesity in patients with COPD are not in-
vestigated yet. 
As another extra-pulmonary consequence, COPD is characterized by low-grade 
systemic inflammation, which is often reflected by increased plasma levels of C-
reactive protein (CRP)10. Moreover, in a review it was stated that the co-presence 
of COPD and cardiovascular co-morbidity is high in a susceptible subgroup of 
elderly people11 and the Third National Health and Nutrition Examination Survey 
concluded that the presence of elevated plasma CRP levels in subjects with 
COPD are associated with an increased risk for the development of cardiovascu-
lar co-morbidity12. The underlying causes of increased plasma CRP concentration 
in COPD are not clear yet. Studies investigating an association between plasma 
CRP concentration and markers of pulmonary inflammation in COPD are incon-
sistent13. In healthy obese subjects, abdominal fat mass is recognized as a source 
for low grade systemic inflammation defined by plasma CRP concentration (in the 
range of 0-3 mg/L)14. In addition, it has been shown that the ratio of the android 
to the gynoid % FM is a determinant for cardiovascular risk in healthy women15. 
Referring to the higher prevalence of cardiovascular co-morbidity in COPD, it is 
relevant to investigate if the abdominal fat mass is also linked to the systemic in-
flammation in patients with COPD.
In the present study, we hypothesized that abdominal fat mass in patients with 
COPD does significantly contribute to the low grade systemic inflammation meas-
ured by plasma CRP concentration.
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Methods
Data were collected in 295 patients with COPD (175 men) who were screened 
for pulmonary rehabilitation at the Centre of expertise for chronic organ failure 
(ciro), the Netherlands16 and retrospectively analyzed. All subjects were clinically 
stable for at least 4 weeks prior participation. Lung function parameters (forced 
expiratory volume in the first second, FEV1; forced vital capacity, FVC) were col-
lected using standardized spirometry (Masterlab®, Viasys, Germany). Diffusion 
capacity of carbon monoxide (DLCO) was assessed by using single-breath meth-
od (Masterlab®, Jaeger, Germany). All values obtained were compared with a 
reference value and expressed as percentages of the predicted value17. Arterial 
oxygen pressure (PaO2) was determined in an arterial blood sample obtained by 
puncture of the artery radial while breathing room air and in the sitting position. 
The degree of co-morbidities was measured using the modified Charlson co-
morbidity index18. 

A total body scan was performed by dual-energy x-ray absorptiometry (DEXA) 
using a Lunar Prodigy® system (GE Healthcare, Madison, WI, USA). From the 
total body scan, body composition was assessed: BMI, fat free mass index (FFMI) 
= fat free mass (lean mass + bone mineral content)/length2 and fat mass index 
(FMI) = FM/length2. The location of the android and gynoid region was situated 
as described previously by Eis et al15. The ratio of the percentage FM in the an-
droid region to the percentage FM in the gynoid region (A/G FM) is used to in-
dicate abdominal obesity. In addition, a post-absorptive venous blood sample was 
collected from the patients to analyse CRP as a biomarker of systemic inflamma-
tion. CRP was assessed in duplicate by high-sensitivity particle-enhanced immu-
noassay (COBAS Mira®, Radiometer, Copenhagen). 

Statistical analysis

Data are described as mean ± SD and checked for normality. CRP was not nor-
mally divided and thus log transformed for analyses. The study group was post-
stratified for abdominal obesity defined as A/G FM >1.0 for men and >0.8 for 
women19. To define muscle wasting, we used the criteria of Vestbo et al (FFMI 
<17.1kg/m2 for men and 14.6kg/m2 for women)20. Additional analyses were per-
formed in a subgroup of subjects with only clinically normal CRP levels (<5 mg/L, 
n = 168)21 in order to prevent that the contribution of the abdominal FM to the 
systemic inflammation in COPD was covered by other disease relating factors. 
CRP levels were compared in the subgroup after stratification into 4 groups based 
on abdominal obesity and muscle wasting: abdominal obese subjects, subjects 
with muscle wasting, subjects with both abdominal obesity and muscle wasting 
and subjects with neither abdominal obesity nor muscle wasting. Comparison 
between groups was done by the analysis of variance test and the post hoc LSD 
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test for normal divided variables and the Tukey Cramer test for CRP. Pearson’s 
correlation coefficient was calculated to determine significant covariates of ab-
dominal fat mass and CRP levels. Subsequently, multivariate stepwise regression 
analyses was performed to investigate a relationship between log(CRP) levels 
and marker for body composition. Analyses were performed using Statistical 
Package for the Social Sciences (SPSS) version 15.01 for Windows®. A p-value 
<5% was considered statistically significant. 

Results
The study group was characterized by moderate to severe COPD, and in gen-
eral normal BMI and FFMI (table 1). In both sexes, the patients with abdominal 
obesity had higher values of BMI, FFMI, FMI, FEV1/FVC and DLCO. In addi tion, 
the women with abdominal obesity were older compared to those without ab-
dominal obesity. The Charlson co-morbidity index was not different between the 
patients with abdominal obesity and those without abdominal obesity. Plasma 
CRP concentration was higher in the women with abdominal obesity compared 
their counterparts without abdominal obesity (Figure 1). There was a significant 
correlation between plasma CRP concentration and gender, age, BMI, FFMI, FMI, 
A/G FM but not with PaO2 (data not shown). The multivariate stepwise  
regression analysis with log(CRP) as dependent variable and the significant  
covariates as independent variables, showed that gender, age and FMI were sig-
nificant determinants in the way that men are more prone to have higher CRP 
levels (table  2). The coefficient of determination of the regression model was 
however low (14%). 

In a subgroup of COPD patients with CRP <5 mg/L (n = 168), CRP significantly 
correlated with gender, age, BMI, FFMI, FMI and A/G FM. Performing a stepwise 
multiple regression analysis with log(CRP) as dependent variable in the subgroup 
of patients, the only covariate that remained in the model was A/G FM  
(table  3). If CRP levels are presented in the subjects after stratification in 4 groups 
based on nutritional status, both the subjects with abdominal obesity and the 
subjects with muscle wasting and abdominal obesity had significantly higher levels 
of CRP than the subjects with only muscle wasting and compared than the sub-
jects with neither muscle wasting nor abdominal obesity (Figure 2).
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table 1. Characteristics of the study group stratified for sex and abdominal obesity
men Women

abdominal 
obese

not abdominal 
obese

abdominal 
obese

not abdominal 
obese

Number of patients, n 126 49 73 47

Age, y 66.6 ± 9.3 65.4 ± 9.8 61.7 ± 9.3 57.0 ± 9.1**

body composition

BMI, kg/m2 26.1 ± 4.2 20.8 ± 3.7** 25.7 ± 4.8 19.6 ± 2.4**

FFMI, kg/m2 18.5 ± 2.0 16.9 ± 1.8** 15.9 ± 1.7 14.6 ± 1.3**

FMI, kg/m2 7.6 ± 2.8 3.5 ± 2.3** 9.7 ± 3.7 5.0 ± 1.9**

Muscle wasting, % 26.2 51.0** 30.4 48.9**

lung function  
parameters

FEV1, l 1.31 ± 0.53 1.16 ± 0.42 1.00 ± 0.46 0.89 ± 0.40

FEV1, %pred 44.5 ± 15.5 40.9 ± 15.0 44.6 ± 17.7 38.2 ± 16.9

FVC, l 3.19 ± 0.89 3.23 ± 0.85 2.43 ± 0.70 2.36 ± 0.86

FVC, %pred 83.6 ± 19.6 87.9 ± 21.2 88.0 ± 24.9 88.4 ± 24.6

FEV1/FVC, %pred 40.5 ± 11.5 36.1 ± 9.6* 41.1 ± 11.6 35.5 ± 9.7**

DLCO, %pred 56.9 ± 19.3 44.9 ± 14.6** 53.1 ± 16.5 38.6 ± 14.2**

PaO2, KPa 9.2 ± 1.2 9.1 ± 1.3 9.3 ± 1.4 9.1 ± 1.4

charlson  
co-morbidity index

1 55 24 34 23

2 32 8 9 9

3 12 7 9 3

>3 5 3 5 1

Data are mean ± SD. Abbreviations: FEV1: forced expiratory volume expressed in one second; 
FVC: functional volume capacity; FEV1/FVC: tiffeneau index; DLCO: diffusing capacity for carbon 
monoxide; PaO2: arterial oxygen pressure; BMI: body mass index; FFMI: fat free mass index; FMI: 
fat mass index. Symbols indicate significant differences with abdominal obesity: *p<0.05, **p<0.01.
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Figure 1. Plasma CRP concentration in men (figure 1a) and women (figure 1b) 
with COPD after stratification for abdominal obesity.

Figure 1a

Figure 1b
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table 2. Stepwise multiple regression analysis with log (CRP) as dependent variable 
in the whole group

Dependent variable: Log (CRP)

R2 = 0.14

b P-value

Age 0.19 <0.01

Gender 0.22 <0.01

FMI 0.23 <0.01

Independent variables: sex, age, BMI, FFMI, FMI, A/G FM.
Abbreviations: CRP: C-reactive protein; BMI: body mass index; FFMI: fat free mass index; FMI: fat 
mass index, A/G FM: android %FM / gynoid %FM.  

table 3. Stepwise multiple regression analysis with log (CRP) as dependent variable 
in a subgroup of subjects with CRP < 5mg/l 
(n = 168)

Dependent variable: Log(CRP)

R2 = 0.10

b P-value

A/G FM 0.32 <0.01

Independent variables: sex, age, BMI, FFMI, FMI, A/G FM.
Abbreviations: CRP: C-reactive protein; BMI: body mass index; FFMI: fat free mass index; FMI: fat 
mass index, A/G FM: android %FM / gynoid %FM.  
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Figure 2. Plasma CRP concentration after stratification the subgroup of COPD 
subjects with CRP levels < 5 mg/L in 4 groups based on abdominal obesity and 
muscle wasting. 

Significant differences: *with the abdominal obese subjects, †with the subjects with both abdominal 
obesity and muscle wasting. One symbol indicates p<0.05, two p<0.01.

Discussion
To the best of the authors’ knowledge, this study is the first that carefully evalu-
ated fat mass distribution by DEXA scan in relation to systemic inflammation and 
the presence of muscle wasting in a large group of patients with moderate to se-
vere COPD. The results of the present study indicate that plasma CRP concentra-
tion is positively associated with both FMI and abdominal FM in clinically stable 
patients with COPD. A substantial proportion of patients had both muscle wast-
ing and abdominal obesity and are thus at risk for both functional impairment and 
increased cardio-metabolic co-morbidity. 

The patients with abdominal obesity had higher diffusion capacity and FEV1/FVC 
but the other lung function parameters were not different between the patients 
with abdominal obesity and those without abdominal obesity, indicating no asso-
ciation between disease severity per se and abdominal FM. This finding appears 
to be in contrast with the finding that obesity was particularly present in mild-to-
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moderate COPD patients8. The latter study was however performed in primary 
care patients, who’s disease condition is likely less complicated with fewer co-
morbidities than the patients admitted for pulmonary rehabilitation, as included in 
the present study. It is on the other side previously demonstrated that BMI is, 
independent of FEV1, positively associated with diffusion capacity in subjects with 
COPD22. A recent report showed a decreased fat free mass and fat mass in em-
physematous patients with lower diffusion capacity23. On the other side, an in-
creased BMI has been described in chronic bronchitis patients compared to both 
emphysema patients and healthy control subjects24. The result of the present 
study of a higher diffusion capacity in patients with abdominal obesity is in line 
with the findings mentioned above. These findings do however not allow us to 
determine the mechanism between abdominal FM and diffusion capacity. In addi-
tion, the question arises if abdominal FM in more advanced COPD has a benefi-
cial or detrimental influence on the disease progression. It has recently been 
shown that obesity in COPD is associated with a spectrum of metabolic and in-
flammatory abnormalities25, but in contrast, increased BMI seems to play a protec-
tive role on survival in more advanced COPD patients26,27. The interrelated mech-
anism of abdominal FM on the disease progression and its metabolic effects and 
consequences has to be further elucidated.

In the whole study group, plasma CRP concentration was significantly associated 
with FMI. The association between circulating CRP levels and BMI in patients with 
COPD has been shown in previous reports28,29, but the present study is the first 
that shows a direct relation between abdominal FM and CRP. Selecting patients 
with clinically normal CRP concentration showed that plasma CRP concentration 
was significantly and independently associated with abdominal fat mass. In addi-
tion, CRP concentration was higher in the patients with abdominal obesity com-
pared to those without abdominal fat mass, independent of the presence of mus-
cle wasting. The authors performed the analysis in a subgroup of subjects because 
they believe that the contribution of abdominal fat mass to the systemic inflamma-
tion can be covered by other disease related factors, since patients with plasma 
CRP >5mg/L were defined by an acute phase response21. The presence of elevat-
ed plasma CRP concentration in patients with COPD has been associated with an 
increased risk for the development of cardiovascular co-morbidity12. However, in 
the present study, Charlson co-morbidity index was not increased in the patients 
with abdominal obesity. Although the present study is not able to detect if the 
contribution of abdominal fat mass to the systemic inflammation is COPD spe-
cific, the recognition of the abdominal fat mass as a contributing source for sys-
temic inflammation in COPD is of relevance. However, the clinical relevance of 
the abdominal fat mass in the systemic pathology of COPD has to be further in-
vestigated. 
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In the whole study group, men with COPD were more prone to have higher 
plasma CRP concentration than women. This contrasts with findings of elevated 
CRP concentrations in women in the healthy population30,31, but is in line with 
previous results in patients with COPD28. The reason for this gender related dis-
crepancy is not clear yet; the men in the present study had the same degree of 
lung function impairment and Charlson co-morbidity score compared to the 
women. Although we did not report smoking data, a higher amount of pack years 
in the men can contribute to the higher CRP levels32. Moreover, a gender de-
pendent association between abdominal obesity and CRP is supported in the 
healthy. The relation between fat mass and CRP is stronger in women compared 
to men30; but the gender difference disappeared after correction for subcutane-
ous adipose tissue in women31. These findings are in line with the results of the 
present study as the android/gynoid fat mass does particularly reflect visceral adi-
pose tissue. Indeed, the multivariate regression model in the subgroup of patients 
did not include gender.

The results of the present study indicate that body compositional phenotyping 
muscle wasting and abdominal fat mass might be of importance in the screening 
of COPD. Subsequently, it can be desirable to detect abdominal obesity in 
patients with COPD. The clinically accepted bio-electrical impedance has been 
validated as a suitable tool to assess skeletal muscle mass in the general popula-
tion as well as in patients with chronic diseases like COPD33 and chronic heart 
failure34, but the two-compartment method does not give an appropriate indica-
tion for FM distribution. The present study supports the relevance of the assess-
ment of abdominal fat mass (i.e. by waist circumference, DEXA scan), and em-
phasis the presence of abdominal obesity in about 50% of the patients with 
COPD and muscle wasting (in the total group), implying that muscle wasting is 
not discriminative for abdominal obesity. 

Various limitations of the study have to be considered. Firstly, the study is cross-
sectional and longitudinal data have to confirm our findings. Secondly, there was 
no age-matched healthy control group included in the present study. It is of rele-
vance to investigate in a subsequent study if the contribution of the abdominal FM 
on the inflammatory response in subjects with COPD differs from healthy el-
derly. Thirdly, A/G FM was used to specify abdominal FM. However, there is no 
cut-off-point for abdominal obesity for measurements by the DEXA technique 
yet, but an increased A/G FM has been shown to be positively associated with 
cardiovascular risk15 and plasma lipid concentration35. In the present study, we 
used the cut-offs of the waist / hip circumference to define abdominal obesity19, 
but future research is necessary to implement consistent reference values for 
abdominal obesity with DEXA measurement. Last, in the present study, only 
plasma levels of CRP are evaluated as CRP is most extensively investigated in 
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relation to fat mass36,37. Systemic inflammation can however is however also re-
flected by other cytokines which are not analyzed in the present study.

In conclusion, the present study demonstrated that abdominal fat mass is a sig-
nificant contributor of the systemic inflammation in clinically stable moderate to 
severe patients with COPD. Case control studies should be performed to inves-
tigate if the extent of the contribution is COPD specific, but the results of the 
present study indicate that including the assessment of abdominal obesity, besides 
the screening for muscle wasting in the systemic phenotyping of subjects with 
COPD is of relevance.
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Abstract

Objective

The study aims to elucidate the association of host-related factors on systemic 
inflammation in COPD patients.

Methods

In 295 clinically stable and optimally treated COPD patients from 39 outpatient 
centres, age, gender, and body composition (body mass index, BMI; fat-free mass 
index, FFMI; fat mass index, FMI) were related to inflammatory biomarkers: CRP, 
fibrinogen, TNF, and its soluble receptors (s)TNFR1 and sTNFR2. Further-
more, forced expiratory volume in the first second (FEV1), BMI, FFMI, and FMI 
were stratified by quartiles to elucidate the influence on inflammatory biomarkers. 
Monovariate and multivariate regression analyses were performed for associa-
tions between inflammatory biomarkers.

Results

Positive correlations were found for FFMI with sTNFR1, FMI with CRP and age 
with TNF, sTNFR1 and sTNFR2 (p<0.01). FEV1 was not correlated with 
body composition and inflammatory markers. Mono- and multivariate analysis 
showed weak correlations between the acute phase markers and the TNF sys-
tem after correcting for multiple co-variants.

Conclusions

This study highlights the modest role of age and body composition on levels of 
systemic inflammatory biomarkers in COPD. Results show the degree of airflow 
limitation does not affect systemic inflammation. Last, a weak relationship bet-
ween acute phase markers and markers of the TNF system is present in COPD.
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Introduction
Chronic obstructive pulmonary disease (COPD), until recently exclusively cha-
racterized by poorly reversible airflow limitation, is now approached as a he-
terogeneous, multi-component disease condition1. Supporting this notion, pati-
ents with COPD generally have low-grade systemic inflammation compared with 
healthy elderly subjects2-4.

With respect to the high heterogeneity of systemic inflammation, serum C-reac-
tive protein (CRP), fibrinogen, and Tumour Necrosis Factor alpha (TNF) and 
its soluble receptors (s)TNFR1 and 2 have been typically studied as systemic 
inflammatory biomarkers, yet in rather small-sized studies3,5. CRP, a systemic bio-
marker of the acute-phase response, is increased in COPD compared to healthy 
subjects6 and is related to an increased risk for cardiac injury7, hospitalizations8, 
and worse survival9. Fibrinogen is associated with worse lung function and poor 
prognosis in COPD5,10. The TNF system is often investigated in relation to the 
genesis of cachexia in COPD11. Together, available data show that increased sys-
temic inflammation results in clinically relevant events in COPD.

Chronic low-grade systemic inflammation is present in all subjects with stable 
COPD and reflects spill-over of the airways and parenchyma, promoting a ge-
neralised inflammatory reaction2. However, this concept has not been proven 
so far3. Indeed, others could only find little or no statistically significant associati-
on between disease severity based on airflow limitation and CRP and TNF in 
COPD12. Besides lung inflammation, host-related factors, such as higher age, fe-
male sex, higher body mass index, and smoking contribute to increased systemic 
inflammation in COPD13-15.

The aim of the present study was to evaluate the influence of host-related deter-
minants, including age, gender, body composition, and smoking status on systemic 
inflammatory biomarkers in a large sample of clinically stable, optimally treated 
outpatients with COPD. Furthermore, the interrelationship between these circu-
lating inflammatory biomarkers is studied.

Methods

Study population

Data were collected from 295 COPD patients participating in the COSMIC 
(COPD and Seretide: a Multi-Center Intervention and Characterization) stu-
dy (post-bronchodilator FEV1 between 30 and 80% predicted; FEV1/FVC ratio 
<70% predicted) at 39 outpatient centers in the Netherlands16. The central ethi-
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cal committee in the Netherlands and the local medical ethics committees of 
the participating centers approved the study. All subjects gave written informed 
consent. Patients between 40 and 75 years of age, current or ex-smokers and 
with established COPD were included. Performance of lung function and measu-
rement of body composition parameters have been reported elsewhere17. Briefly, 
body-, fat free-, and fat mass index (BMI, FFMI, FMI) were calculated. All patients 
were inhaling a combination therapy including a beta2agonist as well as a corticos-
teroid twice daily for at least 12 weeks prior to study entry (25µg Salmeterol and 
50 (COPD II), 125 (COPD III), and  250µg (COPD IV) Fluticasone propionate 
= Seretide®). In this period, patients had no exacerbations to obtain maximum 
stability in the clinical condition of the COPD patients included. The clinical re-
cords were searched for the number of pack years (PY; the number of packs 
of cigarettes smoked per day multiplied by the number of years) and patients 
smoking status (current or former smoker).

Measurements

Plasma high-sensitivity CRP was assessed by a particle-enhanced immune-ne-
phelometry (BN Prospec, Dade Behring). The lower detection level for hs-CRP 
was 0.175 mg/L with a range of 0.175-1100 mg/L, depending on the dilution. 
Fibrinogen was assessed on Sysmex (Dade-Behring) CA-7000 coagulation ana-
lyzer according to the Clauss method and calculated from EDTA to citrate plas-
ma values. The measuring range was 0.3-10.0 g/L. TNF was determined with 
the Quantikine® high sensitivity ELISA from R&D systems (Minneapolis, USA). 
sTNFR1 and R2 were measured by enzyme-linked immunosorbent assay (ELI-
SA) as described previously18. Lower detection level for TNF was 0.5 pg/mL. 
Lower detection levels for the assays were 40 ng/mL for sTNFR1 and 70 ng/
mL for sTNFR2.

Statistical analyses

Values are given by median and 25th-75th percentiles. The Kruskal-Wallis nonpara-
metric test was performed to evaluate differences in median levels of systemic in-
flammatory biomarkers and body composition markers by quartiles. Afterwards, 
the post-hoc nonparametric Mann Whitney U Test was performed. Linear de-
pendency between the systemic inflammatory biomarkers and the host-related 
determinants were tested using the Pearson correlation coefficient and non-para-
metric dependency within the systemic inflammatory biomarkers was calculated 
using the Spearman correlation coefficient. The stepwise multivariate linear re-
gression model was performed with a single systemic inflammatory biomarker as 
dependent variables and the host-relating factors and the remaining inflammatory 
biomarkers as independent variables. In these analyses all systemic inflammatory 
biomarkers, except fibrinogen, were transformed logarithmically to approximate 
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normal distributions; the body composition markers BMI, FFMI and FMI showed 
no co-linearity. Analyses were performed using Statistical Package for the Social 
Sciences (SPSS) version 15.01 for Windows. A priori, p<0.05 (two-sided) was 
considered the level of significance.

Results

Characteristics

Patients were generally having mild to moderate COPD, a high BMI and a normal 
FFMI (table 1). Median levels of systemic inflammatory biomarkers were 3.88 
mg/L for CRP, 3.45 g/L for fibrinogen, 1.63 pg/mL for TNF, 0.83 ng/mL for 
sTNFR1, and 1.81 ng/mL for sTNFR2. Female COPD patients were younger, 
more frequently current smokers, had a higher FMI and lower median levels of 
sTNFR1 than males.

In order to evaluate an effect of disease severity on systemic inflammatory bio-
markers and body composition, patients were stratified into quartiles based on 
FEV1 % predicted. No differences were found for CRP, fibrinogen, TNF and its 
soluble receptors or any of the body composition markers between FEV1 quarti-
les (Table 1 in the online supplement).
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table 1. Baseline characteristics
median (25th-75th percentile)

n=295 all patients male  (n=213) female (n=82)

Age; years 64.0 (57.0-70.0) 66.0 (66.0-70.0) 58.0* (52.8-65.0)

Gender; % 72.1 27.9

Packyears 33.0 (24.5-44.0) 33.0 (24.5-50.0) 32.0 (24.0-40.0)

Smoking status; %

current 62 33* 51

former 38 67* 49

FEV1; % predicted 44.6 (38.3-58.0) 44.2 (36.2-57.4) 49.2 (40.4-59.0)

FEV1/ FVC; % predicted 44.8 (37.6-53.7) 43.4 (36.2-52.3) 48.7 (42.3-56.1)

GOLD I / II / III / IV; % 3/50/45/2 2/47/48/3 6/57/35/2

BMI; kg/m2 26.1 (23.5-29.4) 26.0 (23.4-29.1) 25.7 (22.3-29.4)

FFMI; kg/m² 17.4 (15.7-19.0) 17.8 (16.4-19.2) 15.7 (14.7-17.1)

FMI; kg/m² 8.63 (6.85-10.7) 8.21 (6.64-10.1) 10.0* (7.37-12.8)

CRP; mg/L 3.88 (1.78-7.90) 3.77 (1.82-7.57) 4.29 (1.59-8.29)

Fibrinogen; g/L 3.45 (2.86-3.89) 3.42 (2.43-3.72) 3.46 (2.87-3.79)

TNF; pg/mL 1.63 (1.30-2.15) 1.63 (1.32-2.20) 1.62 (1.22-2.11)

sTNFR1; ng/mL 0.83 (0.66-1.01) 0.86 (0.69-1.00) 0.78# (0.60-0.98)

sTNFR2; ng/mL 1.81 (1.52-2.25) 1.80 (1.54-2.26) 1.78 (1.44-2.22)

FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; BMI, body mass in-
dex; FFMI, fat free mass index; FMI, fat mass index; FM, fat mass; CRP, C-reactive protein; TNF, 
tumour necrosis factor ; sTNFR1, R2; soluble TNF receptor 1, 2. *p<0.01, #p<0.05 compared 
to males.
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Influence of host-related factors on systemic inflammatory  
biomarkers (Table 2)

While none of the systemic inflammatory biomarkers correlated with gender, and 
smoking status, fibrinogen, TNF and its soluble receptors correlated positively 
with age. Additionally, sTNFR1 levels correlated positively with gender. Both 
BMI and FMI were positively correlated with plasma levels of CRP, sTNFR1 
and sTNFR2, while FFMI was positively correlated with sTNFR1. Stratifying 
BMI, FFMI and FMI into quartiles, median levels of CRP were lower in the first 
quartile of FMI compared to the third and fourth quartile (Figure 1a). Median 
levels of sTNFR1 were significantly lower in the first and second quartiles of BMI 
compared to the fourth quartile (Figure 1b), and were lower in the first quartile 
of FFMI compared to the third and fourth quartile (Figure 1c). No differences 
in fibrinogen, TNF, and sTNFR2 levels were observed with quartiles in body 
composition markers (Table 2 for BMI, Table 3 for FFMI, and Table 4 for FMI in 
the online supplement).

table 2. Pearson monovariate correlation coefficients of the studied systemic in-
flammatory biomarkers with host-related determinants.

log(crP) fibrinogen log(tnF) log(stnFr1) log(stnFr2)

n=295 rho p -value rho p-value rho p-value rho p-value rho p-value

age 0.12 0.06 0.17 <0.01 0.153 0.01 0.35 <0.01 0.22 <0.01

gender -0.05 0.42 -0.01 0.86 -0.38 0.52 -0.13 0.05 -0.05 0.40

PY 0.09 0.13 0.05 0.46 0.044 0.46 0.03 0.56 0.01 0.90

BMI 0.15 0.012 -0.02 0.74 0.07 0.25 0.22 <0.01 0.14 0.02

FFMI 0.10 0.09 -0.05 0.41 0.08 0.18 0.22 <0.01 0.12 0.05

FMI 0.15 0.01 0.01 0.91 0.04 0.47 0.15 <0.01 0.12 0.04

PY, pack years; BMI, body mass index; FFMI, fat free mass index, FMI, fat mass index; Log(CRP), 
C-reactive protein; Log(TNF), tumour necrosis factor ; Log(sTNFR1), 2; soluble TNF  
receptor 1, 2.
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Figure 1. Median levels of CRP after stratification of FMI by quartiles (a),  
median levels of sTNFR1 after stratification of BMI by quartiles (b) as well as 
FFMI (c).
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Association between the different systemic inflammatory  
biomarkers (Table 3)

A moderate correlation between CRP and fibrinogen was found, while weaker 
correlations were found between CRP and the TNF system. TNF correlated 
weakly with its soluble receptors. Moreover, the TNF system correlated weakly 
with fibrinogen. All correlations showed a positive direction. 

table 3. Spearman monovariate correlation coefficients of the studied systemic 
inflammatory biomarkers 

crP fibrinogen tnF stnFr1 stnFr2
n=295 rho p-value rho p-value rho p-value rho p-value rho p-value
CRP - - 0.536 0.000 0.178 0.003 0.276 0.000 0.158 0.008
fibrinogen 0.536 0.000 - - 0.134 0.039 0.306 0.000 0.094 0.145
TNF 0.178 0.003 0.134 0.039 - - 0.312 0.000 0.332 0.000
sTNFR1 0.158 0.008 0.094 0.145 0.332 0.000 - - 0.687 0.000
sTNFR2 0.276 0.000 0.306 0.000 0.312 0.000 0.687 0.000 - -

CRP, C-reactive protein; TNF, tumour necrosis factor ; sTNFR1, R2; soluble TNF receptor 
1, 2.
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Stepwise multivariate regression analysis of individual systemic 
inflammatory biomarkers

Fibrinogen and BMI explained 33% of the variance in CRP (table 4), while CRP 
and age explained 32% of the variance in fibrinogen. When analysing TNF as 
dependent variable, only sTNFR2 remained in the model; using sTNFR1 as 
dependent variable, TNFR2, age, CRP, BMI and fibrinogen remained in the final 
model, while sTNFR1 and TNF were independent determinants of sTNFR2.

Discussion
The present study confirms moderate associations of host-related factors, i.e. 
BMI and age, with systemic inflammatory biomarkers, such as CRP, fibrinogen 
and sTNFR1. Otherwise, the degree of airflow limitation, gender, fat free mass 
index, fat mass index and smoking status do not seem to significantly explain the 
variance observed in the studied systemic inflammatory biomarkers in patients 
with mild-to-moderate COPD. Last, a weak relationship between acute phase 
markers and markers of the TNF system is present in COPD patients.

Disease-related factors

The current study confirms previous reports that inflammatory markers cannot 
discriminate on disease stages of COPD12,19.  However, one study found decre-
asing levels of sTNFR1 with lower FEV1 values in multiple regression analysis20. 
These data could not be confirmed in the present study. Others have reported 
that by applying protein microarray platform technology, systemic biomarkers are 
associated with different clinical variables including the degree of airflow limitation 
and carbon monoxide transfer factor21. Carbon monoxide transfer factor was 
not assessed in the present study. The last mentioned finding implies an asso-
ciation between systemic inflammation and the level of emphysema, which was 
not assessed in the present study. In addition, the study by Pinto-Plata and colle-
agues21 included other biomarkers as in the present study. Based on the concept 
of spill-over2 and the assumed progressive inflammation with more impaired lung 
function22, a more pronounced systemic inflammatory response with progressive 
airflow limitation could be hypothesised. However, an important overlap in air-
way inflammation has been reported between different GOLD stages as well as 
within each GOLD stage category23. The same authors reported no relationship 
between local and systemic inflammation, confirming previous reported data that 
challenge the spill-over theory3. These data favour the concept that additional 
confounders contribute to the systemic inflammation in COPD. The absence of a 
relationship between progressive airflow limitation and systemic inflammation we 
and others have found cannot rule out a contributing role of emphysema in this 
respect. Further studies using state of the art diagnostic procedures of emphyse-
ma are needed to unravel the influence of emphysema on systemic inflammation.
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host-related factors

The results from the present study show increasing CRP levels with increasing 
BMI and FMI values. Furthermore, BMI remained in the final multivariate regres-
sion model on CRP which is in line with a positive relationship of increased levels 
of CRP in obese patients with COPD (BMI ≥30 kg/m2) compared to normal 
peers13. Levels of fibrinogen showed no relation with body composition markers. 
The soluble TNF receptor levels correlated positively with BMI in monovaria-
te analyses and even after correcting for confounders in the multiple regression 
analyses, BMI independently determined levels of sTNFR1. In line, Takabatake 
and colleagues reported an association between both sTNF receptors and the 
percentage of fat mass in COPD24. A recent manuscript concluded that both cir-
culating CRP and sTNFR1 were positively associated with fat mass rather than 
fat free mass20, data which are confirmed in the present study.
Aging induces an inflammatory response and this has been proposed as a key for 
age-related diseases25,26. An age-dependent increase in the TNF system in the 
elderly population has been reported27. Despite the small age range of the present 
study (25th-75th percentile: 57-70 years), our analysis showed that age remained an 
independent determinant for TNFR1 and fibrinogen in the multivariate regression 
models. Epidemiological data suggest an age-related increase of serum levels of fib-
rinogen28, based on an age-related slower rate of disposal of fibrinogen29. 
We did not find a gender effect on the analysed markers of systemic inflammati-
on, which was also found in other studies20. However, worth noting, differences in 
other mediators as the adipokines seem gender related. Increased levels of leptin 
have been reported in obese COPD women compared to non-obese counter-
parts30. In addition, increased levels of circulating leptin might lead to an increased 
CRP production from hepatocytes due to direct signalling pathways31. This is in 
line with an observed increase in CRP levels with increasing body weight (reflec-
ting an increased amount of adipose tissue) in female COPD patients32, implying 
that, although no gender differences could be detected in the present study, the 
signalling pathways of systemic inflammation could be gender dependent. Indeed, 
it has recently been shown that other inflammatory biomarkers like Interleukin-6, 
Interleukin-16 and the vascular endothelial growth factor are gender dependent 
in patients with COPD33.
The direct adverse effects of inhaled cigarette smoke on lung health34 and on 
other organ systems as the result of an indirect exposure are well established35. 
Although cigarette smoke is the main risk factor for COPD, the relationship bet-
ween smoke exposure and the degree of airflow limitation is only poor36. In the 
present study no effect of pack years or smoking status was found on FEV1. In 
the general population a dose-response as well as a dose-effect (number of pack 
years) relationship between cigarette smoking and increased levels of CRP and 
fibrinogen is reported37-39. Interestingly, until 19 years after smoking cessation CRP 
levels are still increased and do not revert to levels of never smokers40. Indeed, 
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no differences in CRP levels were found between current and former smokers 
in the present study (data not shown). However, a sample-size effect cannot be 
ruled out. Limited data are available on the effects of cigarette smoke on levels of 
TNF. While some report increased levels of TNF in healthy smokers41 others 
failed to confirm these results42. We also found no effect of smoking status or 
pack years on levels of the TNF system.
Consensus is growing that the inflammatory processes that underlie COPD are 
probably mediated by a multitude of cytokines. In the present study we have 
focused on the acute phase markers CRP and fibrinogen and on markers of the 
TNF system. These markers are most typically studied in COPD patients. Incre-
ased levels of CRP and fibrinogen have been reported in stable COPD patients 
compared to healthy controls2, and both seem to rise even more during acute 
COPD exacerbations4,43. Furthermore, increased CRP and fibrinogen levels have 
both been shown to be associated with an increased risk for cardiovascular di-
sease and mortality in COPD7,9. More conflicting is the role of the TNF system 
in COPD: levels of TNF have previously shown to be elevated in patients with 
COPD compared to healthy controls44,45, whereas more recent studies have not 
confirmed this11,46-48. Even more recently, reported absolute levels appeared even 
lower and no differences could be found based on severity of COPD49. These 
differences could be related to assay specificity in the past years11. Interestingly, a 
clinical trial of short-term anti-TNF treatment in patients with COPD found no 
effect on the TNF system50. Furthermore, using a broad panel of inflammation 
associated analytes, anti-TNF treatment does not affect systemic inflammatory 
profile in COPD51. The present study is the first investigating the correlation bet-
ween different markers for systemic inflammation, namely markers of the acu-
te phase response and markers of the TNF system. A previous research in a 
small cohort (n=58) found no correlation between CRP and the TNF system52. 
These data illustrate the complexity of the role of systemic inflammation in the 
pathogenesis of COPD and COPD related co-morbidities.

Limitations

The following limitations have to be recognised: Firstly, CRP, fibrinogen and TNF 
measures are only parts of the pathological pathways proposed in the low-grade 
systemic inflammation in patients with COPD and other pathways might become 
identified to have a more prominent role in the low-grade systemic inflammation in 
patients with COPD. Secondly, the lack of a control group, however this is the first 
study taking blood samples from patients receiving standardized combination the-
rapy as well as having a controlled exacerbation-free period. Thirdly, in the present 
study no information is included about direct or indirect assessment of activity pat-
terns. Exercise is however suggested to have a benefit role on systemic inflammati-
on in COPD, and as it is previously shown, physical activity is related to fibrinogen 
levels in COPD53, and registration of physical activity levels would be interesting.
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Conclusion

In conclusion, host-related factors like body composition and age have a modest 
role in the systemic inflammation in optimally treated and clinically stable mild-
to-moderate COPD patients. In addition, our study underscores the high hetero-
geneity among various biomarkers of systemic inflammation. 

online supplement

table 1. Systemic inflammatory and body composition markers after stratification 
for disease severity (FEV1) by quartiles (Q1-Q4).
FEV1, % predicted
(25th-75th percentile)

Q1 Q2 Q3 Q4

CRP; mg/L 4.23 (1.82-8.33) 3.58 (1.88-7.17) 3.88 (1.59-10.5) 3.28 (1.58-6.52)

fibrinogen; g/L 3.45 (3.00- 4.04) 3.16 (2.79-3.89) 3.45 (2.86-3.75) 3.45 (2.97-3.89)

TNF; pg/mL 1.62 (1.30-2.06) 1.76 (1.28-2.24) 1.52 (1.27-1.96) 1.77 (1.40-2.37)

sTNFR1; ng/mL 0.85 (0.62-0.99) 0.80 (0.62-1.03) 0.83 (0.67-1.01) 0.81 (0.66-0.98)

sTNFR2; ng/mL 1.76 (1.44-2.03) 1.70 (1.50-2.25) 1.86 ( 1.54-2.32) 1.87 (1.54-2.42)

BMI; kg/m2 25.4 (22.5-29.4) 25.5 (22.7-29.0) 25.5 (23.1-29.1) 26.9 (24.6-29.8)

FFMI; kg/m2 17.3 (15.7-19.0) 16.9 (15.5-18.4) 17.3 (15.7- 18.6) 17.7 (15.9-19.2)

FMI; kg/m2 8.28 (6.28-10.8) 8.44 (6.73-10.6) 8.63 (6.62-10.4) 9.29 (7.70-11.7)

FEV1, forced expiratory volume in the first second; CRP, C-reactive protein; TNF, tumour necro-
sis factor ; sTNFR1, R2; soluble TNF receptor 1, 2; BMI, body mass index; FFMI, fat free mass 
index; FMI, fat mass index.

table 2. Systemic inflammatory biomarkers after stratification for BMI by quartiles 
(Q1-Q4).
BMI, kg/m2

(25th-75th percentile)
Q1 Q2 Q3 Q4

CRP; mg/L 3.18 (1.33-7.25) 3.86 (1.61-6.47) 3.26 ( 1.57-8.57) 5.44 (2.70-8.06)

fibrinogen; g/L 3.45 (3.00-3.92) 3.30 (2.86-2.89) 3.45 (2.86-3.86) 3.30 (2.71-3.74)

TNF; pg/mL 1.57 (1.19-1.99) 1.75 (1.29 -2.54) 1.64 (1.35-2.14) 1.62 (1.32-2.33)

sTNFR1; ng/mL* 0.72 (0.60-0.92) 0.81 (0.63-0.96) 0.87 (0.74-1.01) 0.93 (0.72-1.04)

sTNFR2; ng/mL 1.66 (1.40-2.10) 1.80 (1.53-2.34) 1.81 (1.51-2.23) 1.96 (1.58-2.42)

BMI, body mass index; CRP, C-reactive protein; TNF, tumour necrosis factor ; sTNFR1, R2; 
soluble TNF receptor 1, 2.
*With increasing BMI sTNFR1 increased.
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table 3. Systemic inflammatory biomarkers after stratification for FFMI by quarti-
les (Q1-Q4).
FFMI, kg/m2

(25th-75th percentile)
Q1 Q2 Q3 Q4

CRP; mg/L 4.29 (1.34-8.47) 3.68 (1.74-7.40) 3.45 (1.83-6.61) 4.38 (2.15-8.43)

fibrinogen; g/L 3.45 (2.89-4.04) 3.45 (2.86-3.89) 3.03 (2.86-3.74) 3.45 (2.78-3.81)

TNF; pg/mL 1.60 (1.2-2.00) 1.61 (1.27-2.27) 1.63 (1.29-2.18) 1.75 (1.37-2.36)

sTNFR1; ng/mL* 0.75 (0.59-0.96) 0.79 (0.65-0.99) 0.82 (0.66-0.98) 0.96 (0.73-1.04)

sTNFR2; ng/mL 1.74 (1.51-2.14) 1.73 (1.51-2.22) 1.78 (1.42-2.25) 1.88 (1.57-2.38)

FFMI, fat free mass index; CRP, C-reactive protein; TNF, tumour necrosis factor ; sTNFR1, R2; 
soluble TNF receptor 1, 2.
*With increasing FFMI sTNFR1 increased.

table 4. Systemic inflammatory biomarkers after stratification for FMI by quartiles 
(Q1-Q4).
FMI, kg/m2

(25th-75th percentile)
Q1 Q2 Q3 Q4

CRP; mg/L* 2.78 (1.31-6.44)  3.41 (1.28-7.10) 4.21 (1.87-8.20) 5.67 (2.83-8.51)

fibrinogen; g/L 3.45 (2.86-4.04) 3.16 (2.86-3.59) 3.45 (2.86-4.00) 3.45 (2.86-3.98)

TNF; pg/mL 1.58 (1.21-1.97) 1.69 (1.28-2.19) 1.71 (1.40-2.31) 1.62 (1.30-2.39)

sTNFR1; ng/mL 0.76 (0.62-0.94) 0.82 (0.66-0.96) 0.87 (0.68-1.09) 0.89 (0.69-1.02)

sTNFR2; ng/mL 1.69 (1.49-2.24) 1.72 (1.39-2.13) 1.85 (1.55-2.37) 1.89 (1.56-2.36)

FMI, fat mass index; CRP, C-reactive protein; TNF, tumour necrosis factor ; sTNFR1, R2; 
soluble TNF receptor 1, 2.
*With increasing FMI CRP increased.
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Abstract

Background

COPD is characterized by a multi-component character involving a state of low-
grade systemic inflammation and an increased prevalence of cardiovascular co-
morbidity. The role of circulating leptin and other adipokines in the involvement 
of the systemic inflammation in COPD is only studied scarcely.

Objective

To investigate gender related differences in the adipokine metabolism in relation 
to systemic inflammatory biomarkers in clinically stable subjects with COPD.

Methods

In total, 91 clinically stable COPD patients and 35 healthy control subjects, 
matched for body mass index (BMI) with the COPD subjects, were included. 
Lung function measurement and body composition were performed in patients 
with COPD. In the total group, plasma concentration of the adipokines (leptin, 
adiponectin and resistin) and systemic inflammatory biomarkers C-reactive pro-
tein (CRP), interleukin 6 (IL-6), tumor necrosis factor  (TNF), and its soluble 
receptors 55 and 75 (sTNF-R55, R75) were analyzed.

Results

The COPD group was characterized by increased levels of CRP, IL-6 and leptin. 
Plasma adiponectin and resistin concentrations were not different between the 
COPD and the control group. Within the COPD group, there was a significant in-
teraction between gender and BMI on the leptin/fat mass ratio. In COPD women, 
a significant correlation between leptin and CRP was present.

Conclusions

In men with clinically stable COPD, leptin, adiponectin and resistin appear to be 
physiologically regulated, while in women, leptin metabolism is altered. Leptin 
secretion is increased in COPD women when compared to healthy women and 
compared to COPD men, and to a greater extent in overweight women with 
COPD.
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Introduction
Chronic obstructive pulmonary disease (COPD), a disease characterized by par-
tially reversible airflow limitation, is usually progressive and associated with an ab-
normal inflammatory response of the lung to noxious particles or gases1. Further-
more, COPD is these days recognized as a multi-component disease, involving 
various extra-pulmonary manifestations like low-grade systemic inflammation and 
an increased prevalence of cardiovascular co-morbidity2. Worldwide attention 
has been focused on COPD, as COPD is predicted to become the third leading 
cause of death worldwide by 20201. Since recent years, the prevalence of COPD 
in women has been increasing, and the question arises if the nature of the biologic 
injury differs between COPD men and women3. Various gender differences are 
recognized in COPD, as women exhibit anatomically smaller airway lumens and 
they suffer from less extensive emphysema4. In addition, women with COPD 
experience more symptoms of depression compared to male5, and clinical data 
suggest sex hormones affecting airway function6.

Gender related differences in the extra-pulmonary manifestation of COPD are 
barely investigated. Interestingly, a recent study showed that systemic effects of 
smoking differ between men and women7. The authors demonstrated decreased 
plasma concentrations of the anti-inflammatory adipokine adiponectin in women. 
In addition, the same authors reported increased plasma levels of high sensitive 
C-reactive protein (CRP) in men7. These differences may contribute to a different 
aetiology of extra pulmonary manifestations of COPD among men and women.

Circulating leptin is originally described as an adipocyte-derived hormone in-
volved in the processes of limiting food intake, increasing energy expenditure and 
decreasing metabolic efficiency by activating its functional receptor (Ob-Rb) in 
the hypothalamus8. Hereby, leptin is positively linked with body mass index (BMI; 
weight in kilograms divided by squared height in meters) and fat mass. The struc-
ture of leptin and its receptor classify leptin as a type I cytokine, increasing acutely 
by inflammatory and infectious stimuli, such as tumor necrosis factor (TNF) and 
lipopolysaccharide9. In general, circulating leptin levels have been shown to be 
positively related to cardiovascular disease10,11  and in addition are gender related 
and higher in healthy women compared to healthy men, independent of BMI. 
Indeed, for the same amount of fat mass, women have higher circulating leptin 
levels compared to men12. The role of circulating leptin and other adipokines in 
the involvement of the systemic inflammation in COPD is only studied scarcely 
and mainly in male COPD patients with a low BMI (<21kg/m2)13-16. From these 
studies, it is concluded that circulating leptin plays a physiological role in COPD, 
even in underweight patients. 



Gender dIFFerences In tHe adIPose system In coPd | 83

The present study primarily aimed to unravel gender related differences in the 
adipokine metabolism in clinically stable subjects with COPD. Secondarily, we 
aimed to compare plasma levels of adipokines (leptin, adiponectin and resistin) 
with systemic inflammatory biomarkers, such as CRP, interleukin 6 (IL-6), tumor 
necrosis factor  (TNF), and its soluble receptors 55 and 75 (sTNF-R55, 
R75) in COPD and in healthy control subjects.

Materials and methods

Study population

Data were collected from 91 subjects with COPD, stratified in 4 groups by BMI 
and matched for age, gender and disease severity. All patients were entering pul-
monary rehabilitation at the Centre of expertise for chronic organ failure (Ciro), 
Horn, the Netherlands. Patients were excluded, if they had an exacerbation with-
in the last 4 weeks before study entry. All patients were free of taking oral corti-
costeroids or antibiotics. Other current medication use was recorded, particularly 
the use of inhaled corticosteroids, and any anti-inflammatory medication, particu-
larly NSAR, and statins). The control group is composed of 35 Caucasian non-
diabetic genetically independent subjects. They were extracted from the spouses 
databank of Familial Combined Hyperlipidemia families.The study protocol has 
been described in detail elsewhere13. Any lipid-lowering medication had been 
withdrawn during the last 2 weeks before blood sampling. The healthy subjects 
were age and BMI matched with the COPD patients. The Medical Ethical Com-
mittee of the University Hospital Maastricht approved the study, and all subjects 
gave written informed consent. 

Lung function, arterial blood gases and body composition in the 
subjects with COPD

In all patients, lung function parameters were collected using standardized spirom-
etry (Masterlab, Viasys, Germany). The degree of severity of airflow limitation was 
classified according to the GOLD guidelines (GOLD stage 1: FEV1/FVC<70% 
and FEV1>80% of the predicted values; GOLD stage 2: FEV1/FVC<70% and FEV1 

between 80 and 50% of the predicted values; GOLD stage 3: FEV1/FVC<70% 
and FEV1 between 50 to 30% of the predicted values; and GOLD stage 4: FEV1/
FVC<70% and FEV1<30% of the predicted values or FEV1 <50% of the predicted 
values plus chronic respiratory failure)1. Arterial oxygen tension (PaO2) and arte-
rial carbon dioxide tension (PaCO2) were measured while patients were breath-
ing room air or when on long term oxygen therapy (LTOT; n=4) when breathing 
oxygen and have been analyzed with a blood gas analyzer (ABL 700, Radiometer, 
Copenhagen, Denmark).
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Body height was measured to the nearest 0.1cm. Body weight was assessed by 
using an electronic beam scale with digital readout to the nearest 0.1kg after emp-
tying the bladder and with the subjects standing barefoot and wearing light indoor 
clothing. BMI was calculated as body weight/ height2 (kg/m2). A priori, BMI was 
categorized into low (< 21kg/m2), normal (21-24.9kg/m2), high (25-29.9kg/m2) 
and obese (≥ 30kg/m2). Body composition (fat free mass, FFM, and fat mass, 
FM) has been assessed using an overnight-fasting bioelectrical impedance analysis 
(Bodystat®). FFM was calculated by using disease and gender-specific equations14. 
FFM index (FFMI) was calculated as FFM in kilogram divided by squared height in 
meters. FFM depletion was defined as FFMI ≤15 (females) and ≤16 (males) kg/
m2 14. FM in kilogram was calculated as total body weight minus FFM. Addition-
ally, patients’ smoking status (never, former, current smoker), amount of packs 
smoked per year (PY) and patients’ co-morbidities were recorded.

Blood sample analyses

Blood sampling occurred after overnight fast. In all participants blood samples 
were analysed with the same, most recent available kits. HsCRP was assessed 
in duplicate by high-sensitivity particle-enhanced immunoassay (COBAS Micra, 
Radiometer, Copenhagen, Denmark). IL-6 was determined with the PeliKine 
CompactTM human IL-6 ELISA kit (Sanquin Reagents, Amsterdam, the Nether-
lands). Circulating leptin, adiponectin and resistin were assessed using a human 
leptin ELISA, a human high sensitivity adiponectin ELISA and a human resistin 
ELISA, respectively (BioVendor, Brno, Czech Republic). TNF was determined 
using Qauntikine HS-human TNF/NTFSF1A immunoassay (R&D, Minneapolis, 
USA).  ELISA kits for detection of the sTNF-R55 and sTNF-R75 were pur-
chased from HyCult Biotechnology (Uden, the Netherlands). Detection limits of 
the single assays were: 0.23mg/l for hsCRP; 0.2pg/ml for IL6; 1.5ng/ml for leptin; 
5ng/ml for adiponectin; 1µg/ml for resistin; 0.5pg/ml for TNF; 16pg/ml for both 
sTNF-R55 and sTNF-R75. Only in 2 healthy control subjects, levels of circulat-
ing leptin were below the defined lower level of detection.

Statistical analyses

All analyses were performed using Statistical Package for the Social Sciences 
(SPSS) version 15.01. for Windows. Metabolic data of the COPD subjects were 
stratified for BMI. Categorical variables have been described as frequencies, while 
continuous variables are presented as median and 25th to 75th percentile, due 
to their skewed distribution. Evaluation of differences in continuous variables be-
tween two groups was done using the non-parametric Mann-Whitney U test, 
while differences between more than two groups were tested using the Kruskal-
Wallis test. Categorical variables were tested using the chi2-test. In addition, due 
to the high degree of correlation between circulating leptin and total body fat 
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mass (r= 0.79; p<0.01), leptin to fat mass ratio (leptin/FM) was created. The 
interaction between BMI and gender on leptin/FM was tested by general linear 
model. The Bonferroni correction was performed to correct for multiple com-
parison. Spearman correlation coefficient was calculated to test correlations be-
tween adipokines and biomarkers for systemic inflammation in the COPD group. 
A p-value of ≤0.05 was considered significant.

Results
On average, subjects with COPD had moderate to severe COPD, a normal BMI, 
FFMI and normal arterial blood gases (table 1). In total, 80% of COPD patients 
inhaled corticosteroids and 40% were using any anti-inflammatory medication. 
After stratification for gender, both men and women with COPD showed nor-
mal BMI and arterial blood gases. Age, FMI, FFMI, and the amount of PY were 
significantly different between male and female COPD patients. No differences 
were found in use of inhaled corticosteroids or anti-inflammatory medication, 
after stratification for gender.

table 1. Baseline characteristics of subjects with COPD
median (25th – 75th percentiles) total (n=91) male (n=46) female (n=45) p-value

age, years 62.0 (55.0-70.0) 65.5 (55.8-73.0) 59.0 (54.0-64.5) 0.013

BMI, kg/m2 24.2 (20.6-29.4) 23.5 (20.6-29.8) 24.8 (20.7-29.2) 0.694

FMI, kg/m2 10.7 (8.56-12.5) 8.93 (7.24-11.4) 12.0 (9.39-14.3) <0.01

FFMI, kg/m2 15.7 (14.2-17.7) 16.5 (14.9-19.4) 14.9 (13.6-16.2) <0.01

FEV1, % predicted 40.0 (27.0-53.2) 40.6 (25.5-54.2) 30.0 (27.3-53.0) 0.877

FEV1/FVC 40.9 (32.9-48.0) 40.3 (29.5-46.3) 41.5 (33.8-50.9) 0.446

GOLD II, III, IV, % 35, 36, 29 37, 37, 26 33, 36, 31 0.610

PaO2, kPa 9.10 (8.20-10.3) 9.15 (8.17-10.2) 9.10 (8.30-10.3) 0.946

PaCO2, kPa 5.30 (5.00-5.90) 5.30 (4.90-6.19) 5.40 (5.00-5.85) 0.921

smoking status, n (%) 0.959

never smoker 1 (1) 0 1 (2)

former smoker 65 (72) 34 (74) 31 (69)

current smoker 25 (27) 12 (26) 13 (29)

pack years 40 (30-46) 40 (33-50) 38 (25-41) 0.011

BMI, body mass index; FMI, fat mass index; FFMI, fat free mass index; FEV1, forced expiratory vo-
lume in 1s; FVC, forced vital capacity.

When comparing subjects with COPD to healthy age [median age: 60 years 
(53.3-65.8, 25th-75th percentile), sex (67% male)], and BMI matched subjects 
[median BMI: 26.6kg/m2 (23.1-29.5, 25th – 75th percentile)] significantly higher  
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levels of CRP, IL-6, and circulating leptin were found in the COPD group (table 2). 
After stratification for gender, men with COPD had higher levels of CRP and IL-6 
compared to their healthy peers. Women with COPD had higher levels of circu-
lating leptin compared to their healthy peers. When comparing men and women, 
men with COPD had lower circulating levels of adiponectin and leptin and lower 
leptin/FM compared to their female counterparts. Within the healthy subjects, 
men showed lower levels of adiponectin compared to women. There were no 
differences in plasma concentration of TNF, its soluble receptors R55 and R75, 
and resistin between the groups.

table 3 shows age, lung function parameters, pack years, and plasma concentra-
tion of systemic inflammatory biomarkers and adipokines in subjects with COPD 
after stratification for gender and BMI.
Age, the degree of lung function impairment, the amount of PY, and the use 
of inhaled corticosteroids and any anti-inflammatory medication were not differ-
ent between the BMI strata, neither in male nor in female. After correcting for 
these potential confounders, there was a significant increase in CRP levels toward 
higher BMI strata in women, and increased leptin levels toward higher BMI strata 
for both men and women. There was no difference in the levels of other systemic 
inflammatory biomarkers and plasma adiponectin and resistin levels among BMI 
strata.
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Leptin/FM for different BMI categories and gender in COPD is shown in Figure 1.  
In both men and women, leptin/FM increased with increasing BMI, and there 
was a significant interaction between gender and BMI to a higher increase in the 
women with COPD (p<0.01).

When COPD subjects were stratified for gender, no significant Spearman’s corre-
lation coefficient was f und between plasma leptin and adiponectin concentration 
and plasma CRP (p=0.721, p=0.647), IL-6 (p=0.745, p=0.621), TNF(p=0.332, 
p=0.449) and its soluble receptors 55 (p=0.989, p=0.297) and 75 (p=0.514, 
p=0.860) for men. For women, plasma leptin concentration was significantly 
correlated with plasma CRP concentration (r=0.40, p<0.01). For both men 
and women, plasma resistin concentration was significantly correlated with CRP 
(r=0.23, p<0.05), IL-6 (r=0.41, p<0.01), sTNF-R55 (r=0.44, p<0.01), and 
sTNF-R75 (r=0.38, p<0.01).

Figure 1. Leptin/fat mass for different BMI categories and gender in COPD
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Discussion
The present study is the first that evaluated various adipokines, such as leptin, 
adiponectin and resistin and biomarkers of systemic inflammation in men and 
women with COPD compared to healthy subjects and after stratification for BMI. 
Subjects with COPD were characterized by systemic inflammation which was 
reflected in increased levels of CRP and IL-6. TNF, its soluble receptors R55 
and R75, circulating levels of adiponectin and resistin were not different between 
the COPD and the healthy subjects. In women with COPD, leptin concentration 
was increased when compared to men with COPD as well as when compared to 
healthy women. Moreover, leptin secretion increased with increasing fat mass to 
a greater extent in COPD women compared to their male counterparts, confirm-
ing our hypothesis of a gender specific leptin metabolism in COPD. 

It is well recognized that even clinically stable subjects with COPD are charac-
terized by low-grade systemic inflammation. This is reflected by an increase of 
various inflammatory biomarkers, such as CRP, TNF, its soluble receptors, IL-
8, lipopolysaccharide binding protein (LBP), and fibrinogen15. However, to date 
no ‘sentinel biomarker’ indicating (low- grade) systemic inflammation in COPD 
exists. In the present study, the systemic low-grade inflammation in COPD was 
reflected by increased levels of CRP and IL-6, whereas plasma levels of TNF 
and its soluble receptors were not different between the COPD group and the 
healthy subjects. Furthermore, within the COPD group, the CRP concentration 
increased with increasing BMI, while this trend was not seen for the other sys-
temic inflammatory biomarkers. Comparison of studies concerning systemic in-
flammation in patients with COPD with different nutritional status is challenging 
as no consistent definition for the nutritional status is used among these studies. 
In the present study, subjects with COPD were clinically stable and stratification 
for nutritional status was based on BMI. The finding of constant TNF levels 
between the groups can imply a contribution of TNF in weight losing or muscle 
wasting patients, but not in weight stable patients. This assumption is strength-
ened by a recent paper which demonstrated increased plasma levels of CRP 
and IL-18 but constant levels of TNF in patients with COPD compared to BMI 
matched healthy subjects16. Plasma CRP concentration on the other hand, has 
been consistently related to increased BMI and FM, suggesting a pivotal role of 
CRP in the adipocyte induced systemic inflammation, which also has been re-
cently confirmed17.

The role of circulating leptin in the systemic manifestation of COPD has gained 
attention as leptin is linked to a pro-inflammatory state22. However until now, 
studies concerning circulating leptin concentration in clinically stable subjects with 
COPD found no significant differences in COPD and control subjects18. Possi-
ble reasons might be the limited number of patients included in these studies 
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and the fact that only males and/or underweight patients were included. In the 
present study however, we showed a significant interaction between gender and 
BMI. Circulating leptin concentration was increased in overweight women with 
COPD, even after correction for fat mass. The cause for this phenomenon re-
mains unclear. In the healthy population, it is well recognized that women have 
higher circulating leptin concentration compared to men19. Women have a higher 
fat mass percentage than men, resulting in higher circulating leptin secretion in 
women. Moreover, animal and in vitro studies confirmed that androgens have an 
inhibitory effect on circulating leptin secretion, whereas estradiol has a stimulatory 
effect20. Our study population consists of women with a median age of 59 years, 
implying that most women are post-menopausal, characterized by low estrogen 
levels. The changes in body composition occurring after the menopause (increase 
of body fat), induced by low estrogen concentrations, may lead to higher cir-
culating leptin secretion21. It is therefore tempting to speculate that overweight 
COPD women suffer from an imbalance in sex hormones, which may explain the 
increased circulating plasma leptin levels in this COPD subgroup. Disturbances in 
the estrogen metabolism in women with COPD are not investigated yet, although 
estrogens are thought to be involved in the biological difference in susceptibility 
of the development of COPD22.

No studies yet exist investigating the clinical outcomes of increased leptin con-
centrations in women with COPD. So, we can only speculate about possible 
consequences of an increased circulating leptin concentration, as the secretion 
of circulating leptin is an inter-player in the complex adipose secretory system. 
Nevertheless, there is evidence that leptin metabolism is linked to the inflamma-
tory system, and in healthy, circulating leptin is more associated with plasma CRP 
concentration in women than in men12. In the present study, circulating leptin cor-
related with plasma CRP concentration in women with COPD, but not in men. 
Furthermore, the association of weight gain on systemic inflammation in subjects 
with COPD is higher in women than in men23, which is in line with the higher 
circulating leptin concentration in women with COPD that we found in our study. 
Moreover, circulating leptin was correlated with total glutathione concentration 
in elderly women, but neither in elderly men nor in younger peers19. Higher 
glutathione concentration in elderly women can favour systemic inflammation. 
As leptin is known to enhance the production of reactive oxygen species by leu-
kocytes24, one could speculate that the increased leptin concentration in women 
with COPD is associated with increased oxidative stress. Herewith inline, Sin et 
al recently proposed a mechanism by which women with COPD are more sus-
ceptible to COPD via a disbalance in the oxidant/ anti-oxidant patway22. Whether 
the increased leptin concentration in women with COPD per se is associated 
with increased oxidative stress is not known yet, but COPD is generally charac-
terized by a reduced anti-oxidant capacity and increased production of reactive 
oxygen species25. In healthy subjects, circulating leptin is a strong predictor for 
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first-ever hemorhagic stroke and myocardial infarction10,11, suggesting that leptin 
is an important link in the development of cardiovascular disease. In postmeno-
pausal women, circulating leptin is besides BMI a predictor for insulin resistance26. 
Whether women with COPD, particularly those who are overweight, suffer from 
more co-morbidities compared to their male counterparts is not known yet. As 
the lung is highly vascularized, the increased circulating levels of leptin may also 
contribute to the pathogenesis of lung inflammation and injury in COPD. Leptin is 
detectable in the pulmonary compartment27,28 of COPD patients, and leptin levels 
in induced sputum showed a positive correlation with those of CRP and TNF27. 
In addition, we recently demonstrated that a functional leptin signalling pathway is 
present in both bronchial and alveolar epithelial cells28, indicating that leptin may 
be involved in the local inflammatory response in COPD. Further studies are war-
ranted to investigate this hypothesis.

Plasma adiponectin, a protein largely secreted from adipose tissue, is known to 
increase fatty acid oxidation and reduce the synthesis of glucose in the liver29. 
Adiponectin has various protective anti-inflammatory effects on the metabolic 
derangements that may result in a lower risk for the development of atheroscle-
rosis and type 2 diabetes30. Data about adiponectin concentration in patients with 
COPD are scarce and with inconclusive results. In the present study, circulating 
levels of adiponectin were higher in women compared to men, and tended to de-
crease with increasing BMI. These results are in consistence with previous reports 
concerning healthy subjects7, implying a physiological role of adiponectin in this 
cohort of COPD patients. Resistin is an adipocyte derived protein that is posi-
tively associated with insulin resistance in rodents and humans31. Furthermore, it 
seems to induce, and also being induced by other pro-inflammatory cytokines, 
such as IL-6 and TNF in humans29. To date, limited data are available on the ex-
act role of resistin and the association of various pathological conditions, such as 
an increased insulin sensitivity, type 2 diabetes or factors related to the metabolic 
syndrome32. Data about levels of resistin in patients with COPD are limited, and 
in the present study, levels of plasma resistin concentration were not different 
between the COPD group and their healthy peers. The association between re-
sistin and systemic inflammatory biomarkers found in the present study was also 
confirmed by others33, implying that resistin is also physiologically regulated in 
clinically stable patients with COPD.

Limitations of the study

One limitation of the study might be the small sample size, especially after strati-
fying the COPD patients into subgroups. However, other studies investigating 
plasma levels of adipokines in COPD patients have comparably small sample 
sizes34,35 and moreover, the results of our study showed statistical significant dif-
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ferences emphasising considerable results. Another limitation is the lack of a di-
rect outcome and possible consequences of increased levels of circulating leptin 
in COPD women. However, the present study is the first to show gender related 
differences in the adipose secretome system in COPD and further research will 
lead to a better understanding of the precise role of circulating leptin in COPD.

In conclusion, the results of the present study underscore gender related dif-
ferences in the  systemic biology of COPD. In men with clinically stable COPD, 
leptin, adiponectin and resistin appear to be physiologically regulated, while in 
women, leptin metabolism is likely altered. Leptin secretion is increased in wom-
en with COPD when compared to healthy women and compared to men with 
COPD, particularly in overweight women with COPD. Moreover, the present 
study confirms that subjects with COPD are characterized by low-grade systemic 
inflammation reflected in increased levels of CRP and IL-6.
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Dysregulated adipokine metabolism in 
chronic obstructive pulmonary disease
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Abstract

Background

Research concerning the involvement of body composition and systemic inflam-
matory markers in adipokine metabolism in chronic obstructive pulmonary dis-
ease (COPD) is still limited. Therefore we primarily aimed to investigate the 
adipokine metabolism in relation to these systemic inflammatory biomarkers and 
to evaluate possible gender related differences in the adipokine metabolism in 
COPD patients.

Materials and methods

186 subjects with COPD [mean (SD) FEV1%pred: 50 (±16)] and 113 controls, 
matched for age, gender, and body composition were selected from the ECLIPSE 
cohort. The following serological data were collected: serum levels of leptin, 
adiponectin, and systemic inflammatory biomarkers such as C-reactive protein 
(CRP), Interleukin-6 (IL-6), and fibrinogen.

Results

Compared to controls, COPD patients had higher levels of CRP, IL-6, fibrinogen 
and adiponectin. After stratification for gender, men with COPD had higher CRP, 
IL6 and fibrinogen levels compared to male controls, while women with COPD 
had higher levels of CRP and fibrinogen compared to the female controls. More-
over, in both female controls and COPD patients, leptin correlated with CRP and 
fibrinogen, while leptin only correlated with CRP in male controls. Adiponectin 
correlated negatively with CRP, only in COPD patients. Body mass index and 
gender were the strongest determinants for both leptin and adiponectin.

Conclusions

The present study shows a gender dependent dysregulation of adipokine me-
tabolism in COPD patients compared to BMI matched controls. Furthermore, 
results from the present study suggest a more prominent role of adiponectin in 
the systemic response of COPD.

Trial registration

NCT00292552; http://clinicaltrials.gov/ct2/results?term=NCT00292552
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Introduction
Chronic obstructive pulmonary disease (COPD) causes 2.75 million deaths per 
year worldwide, representing the fourth leading cause of death worldwide1. The 
substantial morbidity is caused by the multi-component character of COPD. Be-
sides the usually progressive chronic airflow limitation, COPD is also fraught with 
considerable amounts of extra-pulmonary complications and co-morbidities in-
cluding osteoporosis, and cardiovascular co-morbidity and mortality2. Low-grade 
systemic inflammation is thought to contribute to the complex pathogenesis of 
COPD. Increased levels of various systemic inflammatory biomarkers, like C-
reactive Protein (CRP), Interleukin-6 (IL-6) and fibrinogen have been repeatedly 
reported in stable COPD patients3 and rise even more during acute exacerba-
tions4. The importance of systemic inflammation in COPD is strengthened by 
the fact that increased levels of circulating CRP and fibrinogen are predictors of 
cardiovascular events5 and are associated with an increased mortality in COPD6-8. 
However, the origin of systemic inflammation in COPD is still under debate.

In COPD the theory of a ‘spill over’ from local inflammation of the lungs into 
the systemic circulation is often suggested9, although not proven10. However, ac-
cumulating evidence indicates that the fat tissue is involved in the development of 
low-grade systemic inflammation and that the adipose tissue is a key endocrine 
organ due to releasing a wide variety of bio-active substances11,12. Dysregulat-
ed production of adipose-derived factors or adipokines with pro-inflammatory 
or anti-inflammatory activities can contribute to the pathogenesis of low-grade 
systemic inflammation13. Leptin is widely recognized as a pro-inflammatory adi-
pokine, as it is structurally similar to the family of helical cytokines12,14. Circulating 
leptin levels are positively correlated with the adipose mass15 and besides its pro-
inflammatory activities, involved in regulating feeding behaviour, insulin resist-
ance and vascular dysfunction16,17. In addition to the numerous pro-inflammatory 
adipokines, adipose tissue also secretes a smaller number of anti-inflammatory 
mediators such as adiponectin. Adiponectin is almost exclusively synthesised by 
adipocytes and adiponectin levels are reduced in the plasma of obese individu-
als15. Adiponectin protects against obesity-linked metabolic dysfunction and, plays 
an important role in controlling inflammation18,19. Moreover, adiponectin is also 
recognized as an important molecular link between adipose and cardiovascular 
tissues20,21.

Research concerning the involvement of the adipose tissue and a dysregulated 
balance between pro- and anti-inflammatory adipokines in COPD is still limited.  
Previous reports suggested an altered adipokine (leptin and adiponectin) me-
tabolism, with decreased levels of leptin and increased levels of adiponectin, that 
is related to the inflammatory reaction in COPD related cachexia22,23. The in-
volvement of an altered adipokine metabolism to the systemic manifestations of 
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COPD suggested that the adipokine metabolism is particularly altered in women 
suffering from COPD24. In COPD, the role of an adipokine imbalance in relation 
to markers of systemic inflammation such as CRP, IL-6 and fibrinogen has not 
been investigated so far.

Therefore, we primarily aimed to investigate the adipokine metabolism in rela-
tion to these systemic inflammatory biomarkers and to evaluate possible gender 
related differences in adipokine metabolism in COPD patients.

Methods and materials
This study was part of the ECLIPSE study (Evaluation of COPD Longitudinally 
to Identify Predictive Surrogate End Points). Data were collected cross-section-
al and detailed information on the purpose and design of the ECLIPSE study 
is given elsewhere25. Detailed information on the IRB approval is given in the 
online supplement. The study is registered on ClinicalTrials.gov with identifier 
NCT00292552; GSKStudyNo. SCO104960 (http://clinicaltrials.gov/ct2/show/
NCT00292552). Reporting of the study conforms to STROBE statement along 
with references to STROBE statement and the broader EQUATOR guidelines26.

Participants

In total 186 COPD patients and 113 control subjects, matched for age, gender 
and BMI were included in the present study. General inclusion criteria for COPD 
patients were age ≥40-75 years, with a baseline post-bronchodilator forced  
expiratory volume in the first second (FEV1) of < 80% of the predicted value  
(% predicted), as well as a baseline post-bronchodilator FEV1/ forced vital ca-
pacity (FVC) of ≤70% and a smoking history of ≥ 10 pack years (PY). For con-
trol subjects a post-bronchodilator FEV1 of >85% predicted and a FEV1/ FVC of  
>70% was mandatory to be enrolled. Exclusion criteria were related to diagnosis 
of known respiratory disorders other than COPD, known history of significant 
inflammatory disease other than COPD, a COPD exacerbation within 4 weeks 
of enrolment, lung surgery, and long term (>3 consecutive months) oral corticos-
teroids at time of inclusion. For the sub-study, subjects with manifested skeletal 
muscle wasting (based on a fat free mass index (FFMI) <15 for women and  
<17 for men), and subjects with reported cardiovascular co-morbidity were ex-
cluded. In addition, the usual criteria of uncontrolled disease likely to interfere 
with the study or impact on subject safety and substance abuse were applied. 

Lung function, body composition, and smoking status

All subjects performed baseline post-bronchodilator spirometry according to in-
ternational standards27. The degree of severity of airflow limitation was classified 
according to the GOLD guidelines (GOLD stage 2: FEV1/ FVC<70% and FEV1 
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between 80 and 50% predicted; GOLD stage 3: FEV1/ FVC<70% and FEV1 be-
tween 50 to 30% predicted; and GOLD stage 4: FEV1/ FVC<70% and FEV1 <30% 
predicted or FEV1 <50% predicted plus chronic respiratory failure)1. 
Body height and weight were measured and body mass index (BMI) was calcu-
lated as body weight/ height2. Body composition (fat free mass, FFM and fat mass, 
FM) was assessed using an overnight-fasting bioelectrical impedance assessment 
(Bodystat 1500). FFM was calculated for COPD subjects28 and controls29 by us-
ing disease and gender-specific equations. FM in kilograms was calculated as total 
body weight minus FFM. FFM index (FFMI) and fat mass index (FMI) was cal-
culated as respectively FFM and FM in kilograms divided by (height in meters)2. 
Controls smoking history was identified as never, former or current smokers, 
while COPD patients were identified as former or current smokers. Pack year 
smoking history was calculated as number of cigarettes smoked per day / 20) 
multiplied by number of years smoked. 

Laboratory analysis

Venous blood samples were collected into Vacutainer tubes from subjects in 
the fasted state. Serum was obtained by allowing the blood to clot for 30 min-
utes at room temperature followed by centrifugation (1500g for 10 minutes.)  
Plasma was obtained from EDTA anti-coagulated whole blood by centrifugation 
(2000g for 15 minutes).  Serum and plasma samples were stored at -80°C un-
til analyzed. IL-6, and leptin were measured in serum samples using validated 
chemiluminescent-based immunoassays (SearchLight Protein Array Technology 
Platform, Aushon Biosystems, Billerica, MA, USA).  Adiponectin was measured 
using a validated colorimetric-based immunoassay (Linco Research, St. Charles, 
MO, USA).  hsCRP were measured using validated chemiluminescent-based im-
munoassays (Immulite, Siemens Medical Solutions Diagnostics, Los Angeles, CA, 
USA).  Fibrinogen was measured using an immunoturbiometric assay validated 
for use with EDTA plasma (K-ASSAY fibrinogen test, Kamiya Biomedical Co., Se-
attle, WA, USA). The lower limit of quantification for each analyte was as follows: 
160ng/mL for adiponectin, 0.03mg/dL for hsCRP, 0.78pg/mL for IL-6, 31.25 pg/
mL for leptin, and 5.4 mg/dL for fibrinogen.

Statistical analyses

All descriptors were assessed from measures collected at the year one visit. 
As some data were not normally distributed, medians and inter-quartile ranges 
(IQR) were computed for the continuous variables, with frequencies calculated 
for categorical variables. For testing differences between populations or across 
covariate groups within a population for any given parameter, a non-parametric 
Kruskal-Wallis test was performed. Spearman correlation coefficients were cal-
culated between adipokines and descriptor variables. Results were processed 
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graphically and visualised by scatterplots. The stepwise multivariate linear regres-
sion model was performed with the adipokines (leptin, adiponectin, and leptin/ 
adiponectin) as dependent variables and age, gender, cohort, BMI, FMI, pack year 
history, and the systemic inflammatory biomarkers (IL6, fibrinogen, and CRP) as 
independent variables. In these analyses all adipokines and systemic inflammatory 
biomarkers were transformed logarithmically to approximate normal distribu-
tions. All p-values are nominal and are not adjusted for multiple comparisons. All 
analyses were run using SAS Version 9.2 (Cary, NC, USA).

Results
A comparison of the COPD subjects and controls matched for age, gender, and 
BMI revealed a lower FFMI and higher levels of CRP, IL-6, and adiponectin in the 
COPD group (table 1). Furthermore, COPD subjects were more often current 
and former smokers compared to controls. Similar findings were observed after 
stratification for gender between COPD and controls (table 2).
Within the COPD population, male subjects compared to female subjects had a 
higher FFMI, higher amount of pack-years, and higher levels of IL-6. Conversely, 
female COPD subjects compared to male COPD subjects had a higher FMI, lev-
els of fibrinogen, adiponectin, leptin, and higher ratios of leptin/ FM and leptin/ 
adiponectin. Within controls, male subjects compared to female subjects had a 
higher FFMI, lower FMI, lower adiponectin and leptin levels, and a lower leptin/ 
FM and leptin/ adiponectin ratio.
The frequency of elevated systemic inflammatory biomarkers in COPD patients 
by gender defined by percentage of patients with levels above the 95 percentile 
of controls showed no significant differences between male and female COPD 
patients (table 2).

Spearman correlations for adipokines with systemic inflammatory 
biomarkers by cohort and gender

In COPD patients (table 3a) and controls (table 3b) leptin correlated with CRP 
(r=0.34; r=0.51; p<0.01) and fibrinogen (r=0.20; r=0.33; p<0.01) but not 
with IL-6.  Only in COPD patients, adiponectin correlated inversely with CRP 
(r=-0.28; p<0.01). The leptin/ adiponectin ratio correlated significantly with 
CRP (COPD: r=0.39; controls: r=0.49; p<0.01), and fibrinogen in both groups 
(COPD: r=0.19, p<0.01; controls: r=0.24; p=0.012). Important differences be-
tween adipokines and inflammatory biomarkers were found after gender stratifi-
cation. While similar correlations persisted in male and female controls as in the 
whole group with the exception of the correlation between fibrinogen and the 
leptin/ adiponectin ratio in the male controls, the correlation between leptin and 
CRP in female controls is high (r=0.71; p<0.01; Figure 1). A similar relationship 
was found in female COPD patients (Figure 1), but the significant relationship 
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between leptin and CRP and fibrinogen disappeared in male COPD patients. The 
inverse relationship between adiponectin and CRP in COPD was unrelated to 
gender (male: r=-0.21; p=0.04; female: r=-0.37 p<0.01).   

table 1. Population characteristics

median [IQR]
All COPD 
(n=186)

All Controls 
(n=113)

Age (years) 58 [52-63] 58 [51-63]

BMI (kg/m2) 28 [23-32] 29 [25-33]

FMI (kg/m2) 10.1 [6.5-13.0] 10.1 [7.4-12.2]

FFMI (kg/m2) 18.1 [16.1-20.1]† 19.3 [17.2-20.6]

Pack-year History 40 [28 - 52]† 32 [22-44]

Smoking status: never smoker - 58

former smoker 91† 10

current smoker 95† 45

FEV1 % predicted 51 [39-62]† 108 [100-118]

FEV1/ FVC % 45 [38-58]† 80 [76-84]

Adiponectin (ug/mL) 9.8 [6.6-13.2]† 8.2 [5.0-10.9]

Adiponectin/ FM (ng/mL*kg) 369 [199-626] 308 [179-520]

Leptin (ng/mL) 17.7 [7.5-40.6] 14.6 [7.2-27.2]

Leptin/ FM (pg/mL*kg) 684 [362-1160] 542 [316-921]

Leptin/ Adiponectin (1/1000) 1.9 [0.7-5.2] 1.9 [0.8-4.1]

CRP (mg/dL) 0.40 [0.15-0.78]† 0.18 [0.09-0.38]

IL-6 (pg/mL) 11.5 [6.9-23.2]† 8.4 [5.2-15.4]

Fibrinogen (mg/dL) 445 [381-510]† 391 [347-446]

CRP (%; >95% percentile of controls) 17 -

IL-6  (%; >95% percentile of controls) 9 -

Fibrinogen   
(%; >95% percentile of controls)

23 -

BMI, body mass index; FMI, fat mass index; FFMI, fat free mass index; FEV1, forced expiratory 
volume; FVC, forced vital capacity; CRP, C-reactive Protein; IL-6, Interleukin 6. †p<0.01 compared 
to controls.
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table 2. Population characteristics by gender

median [IQR]
COPD controls

male (n=94) female (n=92) male (n=59) female (n=54)

Age (years) 58 [52-63] 58 [52-63] 57 [51-63] 58 [51-62]

BMI (kg/m2) 28 [24-32] 27 [23-32] 29 [26-33] 29 [24-32]

FMI (kg/m2) 8.0 [5.8-11.2]* 10.7 [8.1-14.3] 8.6 [6.5-11.1]* 11.1 [8.0-13.6]

FFMI (kg/m2)
19.4 
[17.8-21. 4] †*

16.5 [15.1-18.7] 20.3 [19.0-21.8]* 17.1 [15.9-18.8]

Pack-year History 45 [34-56] †* 36 [26-36] 36 [28-44] 28 [19-40]

Smoking status, %:  
 never smoker

0 0 28 30

   former smoker 44 47 7 3

   current smoker 50 45 24 21

FEV1 % predicted 49 [35-58] †* 53 [41-65] † 108 [96-117] 110 [102-121]

FEV1/ FVC % 43 [36-54] †* 49 [39-60] † 78 [74-82]* 81 [79-86]

Adiponectin  
(ug/mL)

9.0 [6.3-11.7]* 10.2 [7.5-14.7] 6.7 [4.7-9.6]* 9.8 [5.9-12.0]

Adiponectin/FM 
(ng/mL*kg)

372 [213-667] 366 [191-602] 296 [163-456] 356 [179-528]

Leptin (ng/mL) 11.3 [5.0-22.6]* 30.7 [15.9-58.9] 10.6 [4.6-16.1]* 24.6 [12.6-45.7]

Leptin/ FM  
(pg/mL*kg)

430 [251-768]* 1020 [609-1459] 384 [237-543]* 876 [583-1323]

Leptin/ Adiponectin 
(1/1000)

1.2 [0.4 -3.5]* 2.8 [1.3-6.7] 1.4 [0.6-3.2]* 2.9 [1.2-6.5]

CRP (mg/dL) 0.36 [0.15-0.71] † 0.42 [0.15-0.82] † 0.17 [0.09-0.35] 0.20 [0.09-0.40]

IL-6 (pg/mL) 13.9 [7.9-28.7] †* 10.7 [5.4-19.1] 10.0 [5.5-15.5] 8.0 [4.6-13.9]

Fibrinogen (mg/dL) 421 [343-496] †* 460 [404-520] † 387 [340-434] 395 [350-457]

CRP  
(%;>95% percentile 
of controls)

15 18 - -

IL-6   
(%;>95% percentile 
of controls)

13 5 - -

Fibrinogen 
(%;>95% percentile 
of controls)

19 27 - -

BMI, body mass index; FMI, fat mass index; FFMI, fat free mass index; FEV1, forced expiratory 
volume in the first second; FVC, forced vital capacity; CRP, C-reactive Protein; IL-6, Interleukin 6.
†p<0.01 compared to controls. *p<0.01 (except fibrinogen p=0.036) compared to female coun-
terparts. 
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Stepwise multiple regression analysis for adipokines (Table 4)

In the total cohort, BMI, gender, and CRP were positively associated with leptin 
with circulating leptin. In total, the adjusted r2 for leptin was 0.67 (p<0.01). For 
adiponectin, BMI, and cohort were negatively associated and gender was posi-
tively associated, resulting in a r2 of 0.24 (p<0.01). The leptin/ adiponectin ratio 
was positively associated with BMI, and gender resulting in an r2 of 0.58 (p<0.01).

table 4. Stepwise multiple regression analysis for Log(leptin), Log(adiponectin), 
and the Log(leptin)/ Log(adiponectin) ratio.
Log(leptin) Log(adiponectin) Log(leptin)/Log(adiponectin)

variable Beta p-value variable Beta p-value variable Beta p-value

BMI 0.64 <0.01 BMI -0.39 <0.01 BMI 0.70 <0.01

gender 0.43 <0.01 cohort -0.21 <0.01 gender 0.29 <0.01

Log(CRP)Age 0.11 0.01 gender 0.20 <0.01 rho=0.58 <0.01

rho=0.67 0.01 rho=0.24 <0.01

BMI, Body mass index; Log(CRP), C-reactive Protein; FMI, fat mass index. Excluded Variables: 
Log(IL-6; interleukin-6), fibrinogen.

Discussion
The present study reports the complex relationship between adipokine metabo-
lism and low-grade systemic inflammation in COPD. COPD patients have higher 
adiponectin levels compared with controls and serum adiponectin levels are 
negatively related to CRP in male and female COPD patients. In female COPD 
patients, the significant relationship between leptin and CRP and fibrinogen, ob-
served in male and female controls, persisted. Although CRP is a significant con-
tributor for leptin and cohort for adiponectin, body mass index and gender are 
the dominant determinants of the adipokines.

There is limited data available concerning the role of adiponectin in the patho-
physiology of COPD. Adiponectin, almost exclusively produced by adipocytes, 
has a collagen-like domain followed by a globular domain that is similar to com-
plement factor C1q. Similar to C1q, adiponectin forms trimers thorough colla-
gen-like domain interactions that can further associate to form stable multimeric 
oligomers12. Its effects are mediated through two receptors, adiponectin receptor 
1 and 2, which show different tissue distribution and different affinity for their 
ligand30. Besides the inverse relationship with BMI, this study clearly demonstrates 
that adiponectin levels are increased in stable COPD patients and are inversely 
related to CRP. One previous fair sample-sized study reports on elevated serum 
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adiponectin concentration in female COPD patients compared to male peers24. 
Furthermore, in a rather small-sized Chinese COPD cohort, adiponectin levels 
were elevated in male and female patients31. These data confirm findings of the 
association between adiponectin levels and pro-inflammatory markers as in vari-
ous other disease settings. Plasma adiponectin levels are negatively correlated 
with CRP levels in obese or diabetic patients19. The association between adi-
ponectin and CRP levels in non-diabetic or controls could not be reproduced in 
our study. Despite its role in improvement of insulin sensitivity, increased levels 
of adiponectin seem beneficial to decrease cardiovascular risk13. Clinical studies 
have identified an association between low serum levels of adiponectin and coro-
nary artery disease, hypertension, left ventricular hypertrophy and a greater risk 
of myocardial infarction32-34. Despite these direct beneficial effects of adiponectin 
in the development of cardiovascular morbidity, the role of adiponectin in clini-
cal practice remains unclear yet. Indeed, in patients with chronic heart failure as 
well as chronic renal failure, higher adiponectin levels have been associated with 
an increased cardiac and all-cause mortality20,21,35. Similar findings were recently 
confirmed in a rather small COPD cohort: higher levels of adiponectin were as-
sociated with an increased overall mortality36. These data possibly suggest that 
adiponectin, besides its beneficial biological effects, is an indirect marker of the 
multi-component severity in COPD. Further studies need to explore these hy-
potheses as well as the potential role of adiponectin as a contributing factor in the 
disease progression.

Consistent with previous studies, COPD is characterized by low-grade systemic 
inflammation reflected by increased levels of CRP, IL-6 and fibrinogen in men and 
higher levels of CRP and fibrinogen in women37. Low-grade systemic inflamma-
tion present in COPD is one of the main extra pulmonary features of COPD as it 
is thought to play a major role in the pathogenesis of COPD. However, the exact 
mechanisms inducing systemic inflammation in COPD are still not fully elucidated 
and the origin is most probably multi-factorial. While some still position the not 
proven10 ‘spill over’ theory from local pulmonary inflammation into the systemic 
circulation, others position lung hyperinflation, smoking or the bone marrow as 
the origin of systemic inflammation in COPD38,39. Recently, the adipose tissue 
is suggested as being one of the possible sources of systemic inflammation in 
COPD40. Indeed, adipose tissue macrophages infiltration was higher in high-CRP 
COPD patients compared to low-CRP peers, indicating a possible relationship 
between systemic inflammation and adipose tissue in COPD41. In general, the adi-
pose tissue is known to actively secret the pro-inflammatory and pro-atherogenic 
cytokine leptin which is, by nature highly correlated with adipose tissue mass14. 
Furthermore, levels of circulating leptin are associated with CRP independent 
of gender42, although higher levels are reported in healthy women compared to 
healthy men43. Results from the present study show increased levels of circulat-
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ing leptin in women with COPD as well as in female controls compared to male 
counterparts. Furthermore, in order to reveal a possible relationship between 
leptin and various systemic inflammatory biomarkers, circulating leptin was cor-
related with the inflammatory markers. Interestingly, particularly in COPD and 
female controls, leptin was correlated with CRP and fibrinogen, while in COPD 
men, leptin correlated with none of the systemic inflammatory biomarkers. In the 
multivariate regression analysis, CRP was independently associated with leptin. 
This is in line with a previous small-sample-sized study reporting a positive cor-
relation between CRP and leptin in COPD women24. The linkage between leptin 
and CRP in the general population and particularly in women is not clear. How-
ever, a simple explanation for this linkage may be that leptin induces production 
of IL-6 which in turn stimulates the production of CRP from hepatocytes and vice 
verse, in the setting of inflammation, CRP and IL-6 induce production of leptin 
from fat cells14. A more complicated explanation may involve the association of 
adipose tissue with oxidative stress (via isoprostanes and myeloperoxidase) and 
circulating leptin enhancing the production of oxidative species by leukocytes44. 
Although COPD patients are generally characterised by a reduced anti-oxidant 
capacity and an enhanced production of reactive oxygen species45, it can only be 
speculated if this hypothesis is also transferable to patients with COPD. Finally, 
the exact role of fibrinogen in the adipokine metabolism in COPD is unexplored. 
In the general population, some studies report on a positive relationship between 
levels of fibrinogen and circulating leptin levels46, while others do not47. However, 
similar to CRP and IL-6 a possible linkage might be via leptin and the induc-
tion of hepatic expression of fibrinogen. Taken together, the present study firstly 
reveals that the acute phase metabolism is related to leptin in COPD women 
compared to the male COPD patients, indicating a gender dependent adipokine 
metabolism in patients with COPD. Future research has to gain better insights on 
the impact/ function of circulating leptin on systemic inflammation, particularly in 
COPD women.

Worth noting, is the fact that circulating leptin levels are a strong predictor for my-
ocardial infarction and first-ever hemorrhagic stroke in the general population48,49. 
These data suggest a possible link between the pro-inflammatory cytokine and 
the development of cardiovascular disease. Interestingly, in the present study 
COPD patients with self-reported cardiovascular co-morbidities were excluded 
from the study in order to avoid other chronic inflammatory diseases interfering 
with our results, although some patients still might have had unknown cardiovas-
cular co-morbidity. However, to speculate, circulating leptin might therefore be 
one additional pro-inflammatory cytokine contributing to the increased cardio-
vascular morbidity and mortality observed in patients with COPD compared to 
healthy controls37. Thus far, this hypothesis has never been investigated. 
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The following methodological considerations have to be taken into account. 
Firstly, although the present study is the largest, controlled trial available at the 
moment, longitudinal data are needed to confirm the present results. Secondarily, 
although various clinically relevant findings were revealed in the present study, 
more direct outcomes and possible consequences are necessary to get more 
insight into the gender related differences in adipokine metabolism and its as-
sociation with systemic inflammation in patients with COPD.

In conclusion, the present study shows a gender dependent dysregulated adi-
pokine metabolism in relation to systemic inflammatory biomarkers in COPD pa-
tients compared to BMI matched controls. Furthermore, results from the present 
study suggest a more prominent role of adiponectin in the systemic pathogenesis 
of COPD.
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Abstract

Background

In patients with COPD progressive dyspnoea leads to a sedentary lifestyle. To 
date, no studies exist investigating the effects of Nordic Walking in patients with 
COPD. Therefore, the aim was to determine the feasibility of Nordic Walking 
in COPD patients at different disease stages. Furthermore we aimed to deter-
mine the short- and long-term effects of Nordic Walking on COPD patients’ daily 
physical activity pattern as well as on patients exercise capacity.

Methods

Sixty COPD patients were randomised to either Nordic Walking or to a con-
trol group. Patients of the Nordic Walking group (n=30; age: 62±9 years; FEV1: 
48±19% predicted) underwent a three-month outdoor Nordic Walking exercise 
program consisting of one hour walking at 75% of their initial maximum heart 
rate three times per week, whereas controls had no exercise intervention. Pri-
mary endpoint: daily physical activities (measured by a validated tri-axial accel-
erometer); secondary endpoint: functional exercise capacity (measured by the 
six-minute walking distance; 6MWD). Assessment time points in both groups: 
baseline, after three, six and nine months. 

Results

After three month training period, in the Nordic Walking group time spent 
walking and standing as well as intensity of walking increased (Δ walking time: 
+14.9±1.9 min/day; Δ standing time: +129±26 min/day; Δ movement intensity: 
+0.40±0.14 m/s2) while time spent sitting decreased (Δ sitting time: -128±15 
min/day) compared to baseline (all: p<0.01) as well as compared to controls 
(all: p<0.01). Furthermore, 6MWD significantly increased compared to baseline 
(Δ 6MWD: +79±28 meters) as well as compared to controls (both: p<0.01). 
These significant improvements were sustained six and nine months after base-
line. In contrast, controls showed unchanged daily physical activities and 6MWD 
compared to baseline for all time points.

Conclusions

Nordic Walking is a feasible, simple and effective physical training modality in 
COPD. In addition, Nordic Walking has proven to positively impact the daily physi-
cal activity pattern of COPD patients under short- and long-term observation.

Clinical trial registration

Nordic Walking improves daily physical activities in COPD: a randomised con-
trolled trial - ISRCTN31525632
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Introduction
Despite optimal pulmonary drug treatment, patients with chronic obstructive pul-
monary disease (COPD) frequently experience dyspnoea and fatigue during eve-
ryday life, which may result in daily physical inactivity1. Indeed, COPD patients are 
significantly less active compared to healthy controls, spending most of the day 
sitting or lying2,3. Moreover, low daily physical activity levels decrease during acute 
exacerbation, followed by only partial recovery4. This ‘downward disease spiral’ is 
one of the major challenges in the long term management of COPD5. In fact, high-
er dyspnea symptoms have been related to worse exercise performance, health 
status and poor survival in COPD6,7. Moreover, lower levels of physical activity 
in daily life may contribute to a higher risk of hospital readmission8 and shorter 
survival9. Changing patients’ behaviour, such as from a sedentary to a more active 
lifestyle, has been set as one of the key goals of pulmonary rehabilitation10.

Comprehensive pulmonary rehabilitation programs improve COPD patients’ 
peripheral muscle function, functional exercise capacity, daily symptoms of dysp-
noea, fatigue, anxiety and depression, and health status10. However, most of the 
studies lack to transfer these achievements into long-term observation11, indicat-
ing that an improvement in functional exercise capacity does not automatically 
turn into a more active lifestyle. The effects of pulmonary rehabilitation on daily 
physical activity level in COPD have been scarcely studied in non-randomised 
and/or non-controlled trial designs with no or modest effects12-14.

We hypothesised that physical training modalities copying everyday-life activities 
might translate better into patients’ physical performance status15. Nordic Walk-
ing, which involves, by definition, walking with specially designed poles, proved to 
be a safe and effective physical training method in cardiac rehabilitation16. Moreo-
ver, Nordic Walking had been revealed to enhance oxygen uptake and to con-
secutively increase caloric expenditure on the treadmill as well as in field testing 
in healthy17-19. 

To date, no studies are available investigating the effects of Nordic Walking in 
COPD. Therefore our primary aim was to determine the feasibility of Nordic 
Walking in COPD patients at different disease stages, more precisely if training 
walking speed can achieve preset heart rate directed training goals. Furthermore 
we aimed to determine the long-term effect of Nordic Walking on patients’ daily 
physical activity pattern. Finally, we investigated the effects of Nordic Walking on 
COPD patients’ functional exercise capacity, exercise induced dyspnoea, mood 
status, and health-related quality of life in short- and long-term observation.
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Methods

Design

The present study was designed as a prospective, randomised, controlled tri-
al. Local ethics committee approved the study and all patients gave written in-
formed consent before participating in the study. The study is registered in the 
ISRCTN Register (ISRCTN31525632 - http://www.controlled-trials.com/IS-
RCTN31525632). Some of the baseline data have been  presented in a previous 
study3. All patients were retired at time of inclusion or on sick leave. Randomisa-
tion to either the Nordic Walking or the control group was done by a computer-
generated algorithm maintained by SPSS version 15.01. The present study was 
the first to investigate the effect of Nordic Walking on the physical activity of 
COPD patients. Therefore, we were unable to reliably estimate the effect size 
and variances prior to the study. Hence, for both groups we chose a large sample 
size of n=28, which was judged to allow detection of relevant between-group 
differences in a two-factorial ANOVA with repeated measurements.

Participants

COPD patients were initially screened from March 2006 until March 2007. Exclu-
sion criteria: self reported exacerbation < twelve weeks, myocardial infarction  
< six month, cardiac arrhythmias > Lown IIIb, or walking disturbances due to 
muscle or bone diseases. All participants attended one educational session/ 
week20 on pulmonary pathophysiology, the management of breathlessness and 
exacerbations, the clearance of pulmonary secretions, smoking cessation, medica-
tion and nutrition.

nordic Walking group

Patients performed maximal exercise testing to obtain maximum heart rate (HR). 
The preset goal for training efficiency was set at 75% of the initial maximum HR, 
three times a week according to international recommendations10. Patients were 
matched for initially obtained maximum HR during maximal exercise testing to 
ascertain similar walking speeds. Patients received a two-hour instruction by a 
professional Nordic Walking instructor. None of the patients had any difficul-
ties in performing Nordic Walking adequately. HR was monitored by a pulse 
watch (HRT 1100, Innovit GmBH; Frechen, Germany), and oxygen saturation 
was measured by a portable pulse oximeter (OxiPrint, Vivisol; Wisconsin, USA). 
Patients on long term oxygen therapy (LTOT) were using their LTOT during the 
intervention as recommended10. During training all patients were supervised as 
well as data were recorded by medical staff and walking speed was, if necessary, 
adapted to bearable dyspnoea and optimal oxygen saturation.
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Nordic Walking

The International Nordic Walking Federation (INWA) is the official worldwide 
international federation promoting Nordic Walking and was founded in Finland 
in 2000 (http://inwa-nordicwalking.com). The principle is that walking with the 
poles increases muscle use and walking speed, both of them increasing VO2 and 
lactate21. Nordic Walking is mostly performed outdoors and due to the specially 
constructed poles Nordic Walking can be performed independent of ground 
quality (asphalt, meadow; additional file). The type of walking poles used in the 
present study was Power Poles (LEKI; Hamburg, Germany). Power Poles are 
built of light-weight aluminium and weigh approximately 440 grams each. The 
body of the pole is constructed in such a way that it compresses during initial 
contact with the ground and then springs back to its normal length through the 
push-off phase of the walking stride. Additionally, the body of the poles are made 
to be adjustable to the height of the user. The tip of the pole is made of 100% 
rubber and is designed to be shock absorbent and slip resistant. The handles of 
the Power Poles are anatomically designed to fit the hand. The current costs for 
LEKI power poles currently ranges (April 2010) between 25. – 80. – EURO.

Primary endpoint 
Daily physical activities

Physical activity is defined as any bodily movement produced by skeletal muscles22, 
such as standing or walking that result in energy expenditure beyond the resting 
expenditure. A tri-axial accelerometer (DynaPort Activity Monitor; McRoberts BV; 
Den Haag, the Netherlands) was used to assess the daily physical activities of the 
COPD patients. The DynaPort consists of a small lightweight box enclosed in a belt 
that is worn around the waist and a leg sensor that is worn around the left upper leg. 
Multi-axial devices are able to detect motion in more than one plane of movement 
and therefore time spent walking, standing, sitting or lying, as well as the movement 
intensity, which is given in meters divided by seconds squared 
(m/s2), during walking can precisely be measured. The DynaPort is validated in pa-
tients with COPD23,24. Technical specifications of the activity monitor are described 
elsewhere24. Data were collected during three consecutive week days for 12-hours 
after the patient woke up25. No data were recorded during sleep, weekend or 
Nordic Walking. The average of the three recorded assessment days was used for 
analysis. All subjects were carefully instructed on how to position the device, and 
they received a manual with clear figures and instructions. In addition, patients had 
to fill in a daily checklist to verify if the day had been representative. Daily physical 
activities were assessed at baseline, after three, six, and nine month in both groups.
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Secondary endpoints 
Functional exercise capacity, exercise-induced dyspnoea, mood 
status, and health-related quality of life

Functional exercise capacity was assessed using the six-minute walking test 
(6MWT)26 expressed as a percentage of the predicted distance27. Perceived 
dyspnoea after the 6MWT was recorded using the modified BORG dyspnoea 
scale28. The assessment of mood status was performed using the hospital anxiety 
and depression scale (HADS)29 with a cut-off ≥7 points for each scale to identify 
the presence of symptoms of anxiety and/or depression. Generic quality of life 
was evaluated using the Medical Outcomes Study 36-item short form (SF-36)30. 
Scores for the Physical Component Summary (PCS) and the Mental Component 
Summary (MCS) range from 0 to 100, with scores >50 points representing bet-
ter generic quality of life.

Additional variables

Lung function data were collected using standardised spirometry31 (Sensor Med-
ics Vmax 22, Viasys Healthcare; California, USA). Airflow limitation was classi-
fied according to the latest ERS/ATS guidelines1. Additionally, patients’ height and 
weight were measured, body mass index was calculated and relevant co-morbid-
ities, such as cardiovascular disease, and the use of LTOT were recorded.

Statistical analyses

Categorical variables were described as frequencies. Continuous variables were 
tested for normality by a normal plot and presented as mean ± standard de-
viation (SD). Evaluation of differences in mean levels for baseline characteristics 
between the Nordic Walking and the control group was done using one-way 
ANOVA. Between group and within group differences in outcome parameters 
were tested using ANOVA accounting for repeated-measurements. The spheric-
ity assumption was assessed by Mauchly’s test, and p values were corrected by 
the Greenhouse-Geisser method, if required. All analyses were performed using 
SPSS version 15.01. A p-value of ≤ 0.05 was considered to be significant.



122 | cHaPter 7

Results
In total 60 COPD patients completed the study and were included into the analy-
ses. A diagram of participant flow is shown in Figure 1. The baseline characteristics 
of both groups are shown in table 1. No statistical significances were found be-
tween the two groups at baseline. 

Figure 1. Patient flow diagram
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table 1. Baseline characteristics
total (n=60),  
mean (±SD)

Nordic Walking group 
(n=30)

control group (n=30)

age, years 60.3 (8.45) 61.9 (8.87) 59.0 (8.02)

male sex, % 45 47 43

LTOT, n (%) 5 (8.3) 2 (3.3) 3 (5.0)

FEV1, % predicted 46.3 (17.6) 48.1 (19.1) 47.1 (16.3)

FEV1/FVC,  
% predicted

44.9 (10.7) 45.2 (11.6) 45.3 (10.5)

GOLD II, III, IV, (%)
27 (45), 14 (23),  
19 (32)

13 (43), 7 (24),  
10 (33)

14 (47), 7 (23) ,  
9 (30)

BMI, kg/m2 26.2 (4.6) 25.9 (4.5) 26.5 (4.9)

6MWD, m 446 (140) 461 (154) 436 (128)

6MWD, % predicted 66.9 (19.6) 66.4 (22.1) 67.3 (17.3)

peak load, watts - 68.0 (24.1) -

peak load,  
% predicted

- 54.6 (14.3) -

BORG score, points 4.3 (2.1) 4.4 (2.2) 3.9 (1.9)

HADS anxiety,  
≥7 points

9.7 (3.8; n=32) 8.8 (2.4; n=15) 10.5 (3.6; n=17)

HADS depression,  
≥7 points

10.7 (3.2; n=27) 9.9 (3.2; n=12) 11.3 (3.1; n=15)

SF 36 PCS, <50 points 32.0 (6.13; n=53) 32.2 (6.50; n=28) 31.7 (5.79; n=25)

MCS, <50 points 40.9 (8.59; n=30) 42.8 (7.41; n=14) 39.2 (9.40; n=16)

daily physical activities

movement intensity, 
m/s2 1.55 (0.39) 1.59 (0.47) 1.50 (0.29)

walking, min/day 44.5 (35.6) 46.7 (35.2) 42.3 (36.5)

standing, min/day 218 (138) 215 (182) 222 (169)

sitting, min/day 348 (200) 334 (208) 362 (195)

lying, min/day 106 (118) 123 (138) 88.7 (91.5)

SD, standard deviation; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; 
BMI, body mass index; 6MWD, six-minute walking distance; BORG, BORG dyspnoea score after 
6MWT; HADS, Hospital Anxiety and Depression Scale; SF 36, Short Form 36; PCS, Physical Com-
ponent Score; MCS, Mental Component Score; min/day, minutes per day.
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Primary endpoint

Feasibility of Nordic Walking

All patients achieved the preset goal for maximum HR to ensure training efficien-
cy (>75 % of the initial maximum HR), even though walking at different speed 
levels according to the severity of COPD. None of the patients had any difficul-
ties in performing Nordic Walking adequately. It seemed to be an advantage over 
cycling that walking speed could be adapted to dyspnoea levels without missing 
the preset HR goal32. No (serious) adverse events were reported. 

Daily physical activities

After the three-month training period, movement intensity increased in the Nordic 
Walking group compared to their baseline (Δ movement intensity: +0.40±0.14 
m/s2, p<0.01) as well as compared to controls (p<0.01; Figure 2), while controls 
remained unchanged (p=0.385). Movement intensity increased in the six-month 
un-coached observation period in Nordic Walking patients compared to baseline 
(Δ movement intensity: +0.25±0.09 m/s2, p<0.01) and compared to controls 
(p<0.01). Controls movement intensity slowly declined and was below their 
baseline levels after nine month (p<0.01).
Training increased the walking and standing time of the Nordic Walking group sig-
nificantly (Δ walking time: +14.9±1.9 min/day, p<0.01; Δ standing time: +129±26 
min/day, p<0.01) at the expense of their sitting time (Δ sitting time: -128±15 min/
day, p<0.01). Same results were found compared to controls (walking: p=0.034; 
sitting: p=0.014; Figure 3). Walking time remained increased (six month: Δ walk-
ing time: +12.7±1.8 min/day, p=0.024; nine month: Δ walking time: +9.2±2.9 
min/day, p=0.036), and sitting time remained decreased (six month: Δ sitting 
time: -120±32 min/day, p=0.016; nine month: Δ sitting time: -101±36 min/day, 
p=0.032) compared to baseline as well as compared to controls at follow up 
(six month: p<0.05; nine month: p<0.01). Finally, initial increase of standing time 
was preserved in the Nordic Walking group compared to baseline (six month: Δ 
standing time: +133±14 min/day, p<0.01; nine month: Δ standing time: +105±4 
min/day, p<0.01) as well as compared to controls (six month, nine month: both: 
p<0.05). Controls did not show any significant change in their daily physical activi-
ties at any time point compared to baseline.
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Figure 2. Movement intensity of COPD patients of intervention and control 
group over time. 

Statistical comparisons within groups: * p<0.01 compared to baseline. Statistical 
comparison between groups (intervention vs. control): † p<0.01 at all times. 
(Whiskers represent SD).

Figure 3. Daily physical activities of COPD patients of intervention and control 
group over time.
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Secondary endpoints

Functional exercise capacity

Training increased the 6MWD in the Nordic Walking group compared to base-
line (Δ 6MWD: +79±28 meters; p<0.01; Figure 4) and controls (p<0.01). This 
increase lasted over the un-coached observation period (six month: Δ 6MWD: 
+70±16 meters; nine month: Δ 6MWD: +58±17 meters; both compared to 
baseline: p<0.01) and was different compared to controls (six month: p=0.01; 
nine month: p=0.013). Controls showed a decrease in their 6MWD after six 
(p=0.036) and nine months (p<0.01) compared to baseline.

Figure 4. Six-minute walking distance of COPD patients of intervention and con-
trol group over time. 

Statistical comparisons within groups: * p<0.01 compared to baseline; † p<0.05 
compared to baseline; statistical comparison between groups (intervention vs. 
control): ‡ p<0.01 at all times. (Whiskers represent SD).

Exercise-induced dyspnoea

Training improved the BORG dyspnoea score in the Nordic Walking compared 
to baseline (p<0.01; Table 2) and remained decreased after six and nine months 
(both: p<0.01). In the controls, the BORG dyspnoea score remained unchanged 
after three (p=0.712), six (p=0.202) and nine months (p=0.178) compared to 
baseline.
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Mood status

According to baseline HADS, 32 patients had symptoms of anxiety (≥7 points) 
and 27 patients had symptoms of depression (≥7 points). HADS in the Nordic 
Walking group decreased compared to baseline and to controls (both: p<0.01) 
after three month training and remained decreased after six and nine months 
(all: p<0.01) whereas controls did not change their HADS after three (p=0.104, 
p=0.242), six (p=0.213, p=0.253), and nine months (p=0.190, p=0.260) com-
pared to baseline.

health-related quality of life

Generic quality of life was impaired (<50 points) according to the baseline SF-36 
PCS and MCS, respectively in 53 and 30 patients. The Nordic Walking group in-
creased their PCS points compared to baseline and controls (both: p<0.01) and 
PCS points remained increased after six and nine months (all: p<0.01; except 
compared to controls after nine month: p<0.05). In contrast, controls showed 
no differences after three (p=0.989), six (p=0.763), and nine months (p=0.698) 
compared to baseline. The MCS remained unchanged in both groups at any time 
points.

Discussion
Nordic Walking has proven to be a simple, safe, and effective physical training 
modality for patients with COPD. Indeed, this is the first study demonstrating 
that Nordic Walking is feasible in patients with COPD and can improve COPD 
patients’ daily physical activity levels. In addition to the positive short-term effects 
of Nordic Walking on the physical exercise performance and daily symptoms of 
COPD patients, Nordic Walking created a long-term effect on the training results 
even after an un-coached observation period of six months.

COPD patients are a target group for exercise-based rehabilitation as they spend 
most of their time sitting or lying compared to healthy subjects23. In fact, even 
COPD patients at GOLD stage II significantly limit their daily physical activities 
compared to patients with chronic bronchitis (former GOLD stage 0)33. The ef-
ficacy of pulmonary rehabilitation programs on functional exercise capacity and 
oxygen uptake capacity are of proven evidence and have led to recommendation 
of pulmonary rehabilitation for patients with chronic pulmonary diseases in inter-
national guidelines10. Unfortunately, access to pulmonary rehabilitation programs 
are limited and in most countries underfunded. Nordic Walking could provide an 
alternative, cheap and easy accessible physical training modality. Another key goal 
of pulmonary rehabilitation is to create long-lasting health effects by changing pa-
tients’ lifestyle. However, in COPD patients long-term effects of rehabilitation ad-



128 | cHaPter 7

dressed in few studies have shown no or modest success12-14. We hypothesised 
that those physical training modalities, which imitate everyday life movements, 
might lead to long-term improvement of daily physical activities.

Nordic Walking increases exercise intensity of walking due to the use of the 
typical Nordic Walking poles17. It enhances maximum oxygen consumption and 
heart rate by an average of 20% compared to walking without poles in healthy 
subjects17,18. The use of these poles while walking implies an additional motion 
that leads to larger oxygen consumption as well as to an increase in heart rate17,18. 
In cardiac rehabilitation, Nordic Walking has proven to be safe and effective16.

To the authors’ best knowledge, there have been no studies of Nordic Walking 
in COPD so far. The aims of the study were to test whether Nordic Walking is 
feasible in terms of reaching the preset HR directed training goal while controlling 
for dyspnoea and oxygen saturation and whether training results in a significant 
improve in functional exercise capacity. Indeed, all COPD patients had no difficul-
ties to perform Nordic Walking within the preset aerobic training level through-
out the whole session, even patients on long term oxygen. Nordic Walking was 
effective in alleviation of dyspnoea, increased health related quality of life and 
functional exercise capacity after three month according to recommendations10. 
In contrast to other studies11, the three-month results were maintained after an 
un-coached observation period of six months suggesting that Nordic Walking 
creates not only a short-, but also a long-term training effect in COPD patients. 
After nine month of follow-up 63% of the COPD patients have adopted Nordic 
Walking as regular physical exercise. A recently published study on short- (three 
month) and long-term (six month) effects of pulmonary rehabilitation on the 
daily physical activity pattern of COPD patients found modest effects even in the 
long-term program14. The maintained increase in daily physical activities in our 
COPD patients might be due to the type of training method used, a modified 
everyday movement, walking, which resulted in a transfer into patients’ daily life.

Besides physical symptoms, patients with COPD also experience a higher psy-
chological distress, especially symptoms of anxiety and depression, compared to 
healthy subjects34. Nordic Walking improved COPD patients’ mood status, as 
symptoms of anxiety and depression decreased after the three-month training 
period and lasted throughout the long-term observation. In fact, symptoms of 
anxiety and depression in patients with COPD are risks factors for re-hospitali-
sation, and co-morbid depression is associated with poorer survival in COPD35. 
Therefore, the relevant objective of pulmonary rehabilitation to relief psychoso-
cial burden10 seems to be achieved by Nordic Walking.
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Methodological considerations

The results might be biased by the selection of very motivated patients. However, 
motivation is required in rehabilitation in order to achieve the fullest benefits 
from rehabilitation10. The low number of drop-outs in the present study might be 
a signal towards this direction. On the other hand the cheap technical equipment 
and the independence from specific locations might open an effective training 
method to a large number of COPD patients. Our patients felt very encouraged 
by the distances they walked outside and finally were empowered to leave their 
homes on their own which might not have been the case in all patients. Further-
more, to gain more insight into the physiological effects of Nordic Walking further 
studies are needed to investigate e.g. the effects of Nordic Walking on muscle 
force/ weakness.

Conclusions

A three-month supervised Nordic Walking training program has proven to be a 
safe training method to increase the daily physical activity levels in clinically stable 
outpatients with COPD. Beyond that, Nordic Walking had a long-term effect 
on the patients’ daily physical activity pattern and a reduction in patients’ daily 
symptoms.

additional file

Additional file. Male COPD patient performing Nordic Walking.
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Abstract

Background

In healthy elderly and adults, lower physical activity level in daily life has been as-
sociated with lower socio-economic level and non-Caucasian race. The objective 
of this study was to determine if this is also applicable in Chronic Obstructive Pul-
monary Disease (COPD) by comparing physical activity levels in daily life in stable 
patients from two countries (Austria and Brazil) with different socio-economic 
and ethnic characteristics.

Methods

Physical activity in daily life was objectively assessed in 40 Austrian and 40 Brazil-
ian COPD patients. Groups were matched for age, gender, body mass index, 
disease severity, smoking history, presence of concomitant heart disease, lung 
function, dyspnea and functional exercise capacity. In addition, climatic conditions 
were similar during the period of data collection in the two groups.

Results

In comparison to Brazilian patients, Austrian patients had significantly lower walk-
ing time (p=0.04), higher sitting time (p=0.02) and lower movement intensity 
(p=0.0001). The proportion of patients who did not reach an average of 30 
minutes of walking per day was 48% in the Austrian group and 23% in the Brazil-
ian group.

Conclusions

Austrian patients with COPD showed a significantly lower daily physical activity 
level in comparison to matched Brazilian patients. Socio-economic and ethnic 
factors appear to influence stable COPD patients differently than described in 
previous studies including healthy subjects.
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Introduction
Objective and accurate assessment of physical activity level in daily life has been 
made more widely available due to recent technological advances. The use of 
real-life activity monitors has allowed to study, in detail, the characteristics of daily 
physical activity patterns in various populations, including patients with Chronic 
Obstructive Pulmonary Disease (COPD)1. Previous investigations have demon-
strated, for example, that patients with COPD from Belgium are significantly less 
active compared to age- and gender-matched healthy controls2. Similar findings 
were reported in studies performed in cohorts from European countries such 
as England3, Germany4, and Switzerland5. However, to the authors’ knowledge, 
a comparison of time spent actively in daily life between COPD patients from 
different countries and continents, using advanced activity monitors, have nev-
er been performed. This may be of clinical interest since it allows investigating 
whether and to what extent COPD patients’ profile of daily physical activity dif-
fers across diverse world regions.

In healthy elderly and adult populations, studies performed in different coun-
tries have shown that the amount of physical activity performed in daily life may 
vary considerably depending on various factors such as ethnicity, education level 
and socioeconomic status6-10. In general, a lower physical activity level appears 
to be associated with non-caucasian race6,7, lower educational level8,9 and lower 
income9,10. However, it is unknown whether these same factors have a similar in-
fluence on the physical activity level of a generally sedentary population diagnosed 
with a chronic disease, such as patients with COPD. If the trends demonstrated in 
healthy cohorts translate to individuals diagnosed with a chronic disease, it is likely 
that patients from a country with a multi-racial population, lower educational level 
and social status, such as Brazil, will have lower physical activity level in compari-
son to a country with disparate characteristics, such as Austria.
Given the present knowledged gaps in the literature, the purpose of the present 
study was to compare the daily physical activity patterns of patients with COPD 
from Brazil and Austria.

Methods

Design

In this cross-sectional study, the level of physical activity in daily life was assessed 
using an advanced activity monitor in two COPD cohorts from Brazil and Aus-
tria, respectively. Austrian and Brazilian patients were matched for age, gender, 
body mass index (BMI), smoking history, presence of concomitant heart disease, 
lung function (spirometry), self-reported degree of dyspnea in daily life (modi-
fied version of the Medical Research Council scale – MMRC), functional exercise 
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capacity (6-minute walking test – 6MWT) and disease severity as assessed by the 
GOLD stage and the BODE index. In addition, climatic conditions were similar 
during the period of data collection in both groups since data in Brazil were col-
lected during the whole year of 2006, whereas data collection in Austria occurred 
almost entirely during the summer and spring seasons of 2006 (see more details 
below).   

Subjects

The study included 40 Brazilian patients with COPD (18 male; 66±8 years; forced 
expiratory volume in one second [FEV1] 46±17 % predicted; BMI 26±6 kg/m2) 
and 40 matched Austrian patients with COPD (21 male; 63±7 years; FEV1 48±17 
% predicted; BMI 26±4 kg/m2). All subjects included in the study were recruited 
during the initial screening for admission to a pulmonary rehabilitation program 
in their respective centers. The diagnosis of COPD was established based on 
internationally accepted criteria determined by the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD)11. No patient included in this study  was using 
domiciliary long-term oxygen therapy (LTOT). Moreover, all subjects were offi-
cially retired, although 5 patients in the Austrian group (12.5%) and 14 patients in 
the Brazilian group (35%) were still performing “informal” professional activities 
defined as occasional and not registered work (few hours per week, not every 
day). No patients in either the Brazilian or Austrian groups took part in any reha-
bilitation program in the last year prior to initiation of this study. Inclusion criteria 
were: 1) clinical stability (absence of exacerbations) for at least 3 months prior to 
study initiation and 2) the absence of osteo-neuro-muscular co-morbidities that 
might interfere in the performance of physical activities in daily life. The study was 
approved by the Committee for Ethics in Research of both institutions involved, 
and all subjects gave formal written consent to participate.

Data from Brazil

In Brazil, data from all subjects were collected at the Laboratory of Research in 
Respiratory Physiotherapy (Laboratório de Pesquisa em Fisioterapia Pulmonar - 
LFIP) from the Department of Physiotherapy, Universidade Estadual de Londrina 
(UEL) and Hospital Universitário Regional Norte do Paraná (HURNPR), Lond-
rina. Londrina is situated in the southern region of Brazil and has approximately 
500,000 inhabitants as of July 2008. Londrina’s only mean of public transport is 
by bus. In the Brazilian group, 30 patients (75%) depended on public transporta-
tion (bus), 7 patients (17.5%) used a privately owned car and 3 patients (7.5%) 
used an ambulance transportation service. All Brazilian subjects were living in 
their own home: 34 patients (85%) were living with a spouse or relative(s) and 
6 (15%) were living alone.
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During the data collection period (throughout the whole year of 2006), Lond-
rina’s average temperature in the 4 seasons was: Winter 17.3° C; Spring 21.1° 
C; Summer 24°C; Autumn 21.5°C; precipitation was approximately 117 mm / 
month; and average humidity was 78%12,13. Eight patients (20%) were assessed 
during summer season, 8 (20%) were assessed during autumn, 13 (32.5%) were 
assessed during winter and 11 patients (27.5%) were assessed during Spring. 
With respect to level of education, 9 patients (22.5%) were illiterate, 25 patients 
(62.5%) were literate but did not complete primary level education, 2 patients 
(5%) had completed primary level, 2 patients (5%) had completed secondary 
level and 2 patients (5%) had completed university level. Regarding race, 26 pa-
tients (65%) were Caucasian, 4 (10%) were black, 8 (20%) were multi-ethnic 
(Caucasian and black) and 2 (5%) were Asian (Japanese). As of 2006, monthly 
average income for retired individuals in Londrina, Brazil corresponded to 355€14 
(or R$ 919 in Brazilian currency). Clinical characteristics of the group of Brazilian 
patients with COPD are described in table 1.  

Data from Austria

In Austria, data were collected at the Department of Respiratory and Critical Care 
Medicine, Otto-Wagner Hospital, Vienna. Vienna is situated in the eastern region 
of Austria and has approximately 1,675,000 inhabitants as of July 2008. Despite 
the fact that Vienna has a well developed public transport system (bus, tram and 
underground train), fewer Austrian patients (21, or 52.5%) depended on these 
transit options compared to the Brazilian group. Conversely, more patients (14, 
or 35%) used a privately owned car. No Austrian patient used ambulance service 
and two patients (5%) reported use of a bicycle for transportation. In 3 patients, 
it was not possible to retrieve information concerning transportation mean. All 
Austrian subjects were living in their own home. Twenty-one patients (52.5%) 
were living with a spouse or relative(s) and 19 (47.5%) were living alone. The 
majority of patients (25, or 62.5%) were assessed during summer; whereas 11 
(or 27.5%) were assessed during spring and only 4 (10%) were assessed during 
autumn or winter. During the data collection period (mostly Spring and Summer 
of 2006), Vienna’s average temperature was: Spring 13°C; Summer 21.5° C; pre-
cipitation was approximately 88 mm / month; and average humidity was 77%15. 
With respect to level of education, no Austrian patient was illiterate; 29 patients 
(72.5%) completed primary level education, 6 patients (15%) completed sec-
ondary level and 5 patients (12.5%) completed university level. All Austrian pa-
tients were Caucasian. As of 2006, monthly average income for retired individuals 
in Vienna, Austria was 1286 € 16. Clinical characteristics of the group of Austrian 
patients with COPD are described in table 1.
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table 1. Characteristics of the groups of patients with COPD from Austria and 
Brazil

COPD Austria 
(n=40)

COPD Brazil 
(n=40) 

Age (years) 63 ± 7 66 ± 8

Gender (M / F)
Smoking (pack/years)

21 / 19
44 ± 13

18 / 22
40 ± 34

BMI (kg/m2) 26 ± 4 26 ± 6

GOLD (II / III / IV) 17 / 14 / 9 16 / 18 / 6

FEV1 (%predicted) 48 ± 17 46 ± 17

FVC (%predicted) 78 ± 17 75 ± 22

MMRC (0 to 4) 2.8 ± 1.1 2.4 ± 1.1

6MWT (%predicted) 68 ± 19 71 ± 19

BODE index (0 to 10) 4.0 ± 2.6 4.4 ± 2.1

Data are shown as median ± standard deviation (except for gender and GOLD stages). Compari-
son between patients with COPD from Austria and Brazil was performed with the unpaired t test 
except for MMRC and BODE index, which were analyzed with the Mann-Whitney test. There were 
no statistically significant differences between the groups. COPD = Chronic Obstructive Pulmonary 
Disease; M = male; F = female; BMI = body mass index; kg/m2 = kilograms per meters squared; 
GOLD = Global Initiative for Obstructive Lung Disease (stages II, III and IV). FEV1 = Forced Expi-
ratory Volume in the First Second; FVC = forced vital capacity; MMRC = modified version of the 
Medical Research Council scale; 6MWT = 6-minute walking test.

Data Collection

The objective quantification of physical activity during in daily life was performed 
in both centers with an accelerometer-based activity monitor (DynaPort Activ-
ity Monitor® [DAM], McRoberts BV, The Hague, The Netherlands). The device 
consists of a small and lightweight box enclosed in a belt worn around the waist 
and a leg sensor (total weight = 375 grams). The DAM was recently validated in 
patients with COPD, demonstrating the ability to  quantify the time spent in walk-
ing, cycling, standing, sitting or lying as accurately as video recordings17. Technical 
specifications of the DAM can be found elsewhere17. Assessments were done 
on 2 consecutive week days for 12 consecutive hours per day once the subject 
awoke in the morning. The average of the 2 days of data collected was used to 
assess physical activity patterns since it was shown that this duration provides an 
acceptable intraclass correlation coefficient in patients with COPD2. Patients were 
aware of the assessments aim since this has been shown not to influence the 
results of activity monitoring in patients with COPD18.  Both in the Austrian and 
Brazilian COPD groups, no assessments were done on days in which the patient 
performed any informal professional activity. 
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In the Brazilian center, assessment of lung function was performed using the Pony 
Cosmed© spirometer (Cosmed, Italy). In the Austrian center, it was performed 
using the Spirometry PFT unit SensorMedics Vmax 22 (Viasys Healthcare, Ger-
many). The technique in both centers followed the guidelines of the American 
Thoracic Society/European Respiratory Society19, and the reference values were 
those from Quanjer et al.20.
All patients with COPD reported the degree in which dyspnea influences their 
activities of daily living through the MMRC scale21. The 6MWT was performed 
in both centers according to the guidelines of the American Thoracic Society22. 
Two tests were performed with an interval of at least 30 minutes, and the highest 
6MWT was used for the analysis. Reference values were those from Troosters et 
al.23. Results concerning BMI, FEV1, MMRC and 6MWT were used to calculate the 
BODE index as described by Celli et al.24.   

Co-morbidities

In the group of Brazilian patients with COPD, the number (and proportion) of 
subjects with clinically diagnosed co-morbidities was: 15 patients (37.5%) with 
systemic hypertension, 13 (32.5%) with stable cardiac disease, 13 (32.5%) with 
diabetes mellitus, 5 (12.5%) with osteoporosis and 9 (22.5%) with obesity. In the 
group of Austrian patients with COPD, the number (and proportion) of subjects 
with clinically diagnosed co-morbidities was: 10 patients (25%) with systemic hy-
pertension, 15 (37.5%) with stable cardiac disease, 5 (12.5%) with diabetes mel-
litus, 3 (7.5%) with osteoporosis and 8 (20%) with obesity. Criteria for consider-
ing patients as having systemic hypertension was current use of antihypertensive 
medication; for stable cardiac disease was the presence of a medical diagnosis of 
mild atrial arrhythmia treated with medication, ischemic heart disease in the past 
or dilated cardiomyopathy without significant cardiac functional impairment; for 
diabetes mellitus and osteoporosis was the patient´s self-report in addition to the 
presence of medical diagnosis of these conditions; and for obesity was BMI>30 
kg/m2.  

Statistical Analysis

Statistical analysis was performed using the GraphPad Prism 3 (GraphPad Soft-
ware, San Diego, USA). Normal distribution of data was assessed with the Kol-
mogorov-Smirnov test. Results were described as mean ± standard deviation. 
Comparison between patients with COPD from Austria and Brazil was per-
formed with the unpaired t test except for MMRC and BODE index, which were 
analyzed with the Mann-Whitney test. Level of significance was set at p<0.05 for 
all statistical tests. 
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Results 
table 1 shows that Brazilian and Austrian patients with COPD had similar age, 
BMI, lung function, GOLD stage, 6MWT, MMRC and BODE index (all p>0.05). 
Figure 1 illustrates that Austrian patients had significantly lower time spent walk-
ing (40±36 min/day versus 56±32 min/day; p=0.04), lower movement inten-
sity (1.5±0.4 m/s2 versus 1.9±0.4 m/s2; p=0.0001) and higher time spent sit-
ting (388±208 min/day versus 296±109 min/day; p=0.02) in comparison to 
the Brazilian patients. In addition, Austrian patients had lower time spent stand-
ing (192±182 min/day versus 246±122 min/day) and lower time spent lying 
(98±116 min/day versus 119±110 min/day), although these differences did not 
reach statistical significance (p=0.12 and 0.40, respectively).

Figure 1. Comparison of time spent walking, standing, sitting and lying per day 
between Austrian patients with COPD (n=40) and Brazilian patients with COPD 
(n=40).
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Statistical analysis was performed with the unpaired t test.

Brazilian patients with COPD were divided in two groups based on the involve-
ment (n=14) or not involvement (n=26) in informal professional activities. These 
two groups did not show significant differences concerning time spent walking 
(p=0.76), BODE index (p=0.54) and FEV1 (both in absolute values [p=0.62] 
and percentage of the predicted values [p=0.56]). Similarly, dividing the Austrian 
patients with COPD in two groups involved (n=5) or not involved (n=35) in 
informal professional activities, there were no differences concerning time spent 
walking (p=0.57), BODE index (p=0.34) and FEV1 (both in absolute values 
[p=0.97] and percentage of the predicted values [p=0.27]).
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In the Austrian group, 19 out of the 40 patients (48%) did not reach an average of 
at least 30 minutes of time spent walking per day, which is the minimum amount 
of physical activity recommended by the American College of Sports Medicine 
(ACSM)(25). In the Brazilian group, 9 out of the 40 patients (23%) did not reach 
this minimum level of physical activity.

Discussion
To the authors’ best knowledge, this is the first study to compare the level of 
physical activity in daily life assessed by an advanced and validated activity monitor 
in patients with COPD from such different origins as Europe and South America, 
or more specifically Austria and Brazil. Several differences are readily apparent in 
the present study: firstly, the educational level and economic condition of Aus-
trian patients is considerably higher, as one would expect when comparing a de-
veloped country with another one in development. Secondly, Brazil is a mixed 
country from an ethnic perspective, in contrast to the Caucasian population in 
Austria. However, despite the fact that lower physical activity level in healthy el-
derly and adult populations has been associated with non-Caucasian race6,7, lower 
educational level8,9 and lower income9,10, Austrian patients with COPD showed a 
significantly lower time spent walking, higher time spent sitting and lower move-
ment intensity in daily life in comparison to matched Brazilian patients. In addition, 
the lower physical activity level in daily life in Austrian patients occurred despite 
the fact that Brazilian patients had a higher prevalence of co-morbidities such as 
hypertension, diabetes and osteoporosis. These results suggest that, in an inactive 
population such as patients with COPD, the socio-economic and ethnic predic-
tive factors for physical inactivity possibly play a different role than observed in 
healthy subjects (i.e., worse socio-economic conditions and ethnic miscegena-
tion leads South American patients to be more active than Central-European pa-
tients). These results are supported by the fact that the time spent walking in daily 
life in the Brazilian COPD group (56±32 minutes per day) was also markedly 
higher than the observed in a previous sample from Belgium2] (44±26 minutes 
per day), which was very similar to the Austrian sample from the present study 
(40±36 minutes per day).

The differences in daily physical activity level between Austrian and Brazilian pa-
tients with COPD cannot be explained by anthropometrical and clinical differ-
ences between the groups. The groups were similar with respect to age, gender, 
BMI, lung function, functional exercise capacity (as assessed by the 6MWT), dis-
ease severity (as measured both by the GOLD stages and the BODE index) and 
the presence of co-morbidities such as cardiac disease and obesity. Furthermore, 
LTOT, which has been shown to reduce daily physical activity level in patients 
with COPD18, was not used by any subject in this study. Given the control of con-
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founding factors, the findings of the present study appear to indicate that socio-
economic and ethnic factors influence daily physical activity differently in patients 
with COPD compared to the healthy population. To further support our findings, 
a study performed with a sample of Spanish patients with COPD has also shown 
that lower physical activity level is related to higher socioeconomic status26. The 
socio-economic factors which might lead patients in Brazil to be more active than 
patients in Austria include the fact that the proportion of Brazilian patients who 
have access to privately owned transportation (i.e. automobile) was half than 
that found in the Austrian patients. Therefore, Brazilian patients have to ambu-
late more for daily activities as well as to access public transport. Since 85% of 
Brazilian patients were living with spouse or relatives (in comparison to 52.5% in 
the Austrian group), it may also be argued that this can be a motivating factor in 
order to undertake more outdoor social activities with the other family members. 
Ethnic differences are likely linked to the socio-economic discrepancies between 
the groups. 

A study by He et al.27 showed that leisure time physical activity in healthy adults 
between 51-61 years of age was higher in Caucasian than in non-Caucasian sub-
jects. On the other hand, work-related physical activity showed the reverse pat-
tern, being highest in non-Caucasian subjects with lower education. These varia-
tions in physical activity level related to work or leisure cannot explain the present 
results, since all patients in both groups were officially retired, the vast majority 
of them were in fact no longer involved in any professional activity and those still 
involved in informal professional activities were not more active than those not 
involved. Therefore, irrespective of the fact that more Brazilian patients were 
involved in informal professional activities, this did not appear to influence the 
results of the present study since daily physical activity assessments were not per-
formed on days in which patients performed any professional activity. If assess-
ments were performed on days in which the patients were involved in informal 
working, the differences in daily physical activity level between the Brazilian and 
Austrian groups would possibly have been even larger. On the other hand, it 
cannot be ruled out that the professional activity performed by these individuals 
before retirement might have influenced their current physical activity habits. 

Environmental factors are also known to influence daily physical activity level. 
However, data collection in the present study was performed during a period in 
which mean temperatures, humidity and precipitation were similar between both 
countries. In addition, two other factors suggest that environmental factors did 
not play a role in the present results: Firstly, the city of Londrina is located in the 
southern region of Brazil, i.e., the less warm region in the country and with more 
resemblance to the European general climate. Secondly, Togo et al.28 observed 
that, in an healthy elderly cohort, the amount of steps per day increased with the 
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mean ambient temperature over the range of -2°C to 17°C, but decreased over 
the range of 17°C to 29°C. Therefore, if weather was an influencing factor in 
the present results, previous research supports the contention that activity level 
would be lower in Brazilian compared to Austrian patients.
 
Another interesting finding from the present study was that  the proportion of 
Brazilian patients with COPD who reached the minimum amount of daily physi-
cal activity recommended by the ACSM25 was more than twice the proportion 
of Austrian patients. These results directly affect treatment options, since they 
indicate that pulmonary rehabilitation programs in Central Europe, even more 
than in South America, should prioritize the goal of enhancing daily physical activ-
ity. Furthermore, since non-compliance with these recommendations is related to 
higher risk of death in retired elderly29,30, early mortality would be expected to be 
higher in Austrian patients than in Brazilian patients, although ethnicity and annual 
income were not predictive factors of mortality in a sample of American patients 
with severe emphysema31. Given the importance of compliance to physical activ-
ity recommendations, especially in chronic disease populations, future research in 
this area is certainly warranted. 

In summary, Austrian patients with COPD demonstrated a significantly lower daily 
physical activity level in comparison to matched Brazilian patients with COPD. 
Socio-economic and ethnic factors appear to influence stable patients with COPD 
differently than described in previous studies including healthy individuals. 
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Abstract

Objective

The prevalence of metabolic syndrome in COPD and its impact on patient re-
lated outcomes has been little studied. We evaluated the prevalence of metabolic 
syndrome in patients with COPD and healthy subjects. Moreover clinical and 
functional characteristics were studied.

Methods

228 clinically stable COPD patients and 156 healthy subjects were included. 
Metabolic syndrome was defined using criteria of the International Diabetes Fed-
eration. In all patients spirometry, body composition, functional exercise perfor-
mance, and mood and health status were assessed. Groups were stratified for 
BMI and gender.

Results

Metabolic syndrome was present in 57% of the COPD patients and 40% of the 
healthy subjects. After stratification for BMI, presence of metabolic syndrome in 
patients with a BMI ≥ 25kg/m2 was higher than in healthy peers. Patients with 
metabolic syndrome and a BMI < 25 kg/m2 had higher BMI, fat free mass index 
and bone mineral density, and a lower 6MWD than the BMI matched patients 
without metabolic syndrome. Spirometry, maximal ergometry, mood and health 
status, and blood gasses were not different between those groups.  In COPD 
patients with metabolic syndrome self-reported co-morbidities and medication 
use were higher than in those without.

Conclusion

Metabolic syndrome is more prevalent in overweight or obese COPD patients 
than in BMI matched healthy subjects, while comparable frequencies were ob-
served in normal weight patients and healthy subjects. Metabolic syndrome did 
not additionally impact patients’ related outcomes, like functional parameters, but 
did impact the prevalence of co-morbidities. The long-term impact of metabolic 
syndrome in COPD needs further studies.
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Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by persistent 
airflow limitation that is usually progressive and associated with an enhanced 
chronic respiratory inflammatory response. Additionally, exacerbations and co-
existing morbidities contribute to the overall severity in the individual patient1. 
Indeed, cardiovascular co-morbidities are common in COPD2 and are associated 
with increased mortality risk3,4. The mechanisms underlying the increased cardio-
vascular risk in COPD are only partially understood. In addition to smoking, other 
factors may contribute including advanced age, medications, systemic inflamma-
tion and metabolic disturbances.

Metabolic syndrome is a common metabolic disorder defined as a complex of in-
terrelated cardiovascular risk factors5. Metabolic syndrome is age dependent6 and 
has been related to several other health conditions7 and increased mortality risk8. 
In addition, metabolic syndrome has clinically relevant negative effects on subjects 
exercise capacity9,10, as well as on health status11-13, while protective effects are 
described on bone mineral density (BMD)14.

To date, the prevalence of metabolic syndrome in COPD patients has been stud-
ied scarcely. Marquis and colleagues reported an increased prevalence of met-
abolic syndrome in 38 COPD patients compared to 34 healthy subjects (47% 
versus 21%, respectively15. A comparable prevalence of metabolic syndrome 
in COPD was reported by Watz and colleagues, and metabolic syndrome was 
slightly less prevalent in moderate to severe patients compared to mild patients16. 
However, no healthy control group was included in this study. 

COPD patients with metabolic syndrome are physically less active and have in-
creased levels of systemic inflammation compared to COPD patients without 
metabolic syndrome16. To date it remains largely unknown whether and to what 
extent other clinical outcomes, like spirometry, functional exercise performance, 
mood and health status, and the prevalence of cardiovascular co-morbidity might 
differ between COPD patients with and without metabolic syndrome. 
In the present study we evaluated the prevalence of metabolic syndrome in 
COPD patients compared to healthy subjects. In addition, clinical and functional 
characteristics of COPD patients with and without metabolic syndrome were 
studied.
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Methods

Study population

Data were prospectively collected in 228 clinically stable COPD patients who were 
referred to CIRO+, a center of expertise for chronic organ failure in Horn, the 
Netherlands for a 3-day pre-rehabilitation assessment17. In addition, 156 healthy 
subjects were recruited from November 2007 until December 2012.  All patients 
and 55 healthy subjects were recruited as part of the CIROCO study (Study 1: 
Ethical approval number: 10-3-067)18, and 101 control subjects were recruited 
from another observational prospective study (Study 2: Ethical approval number: 
10-3-033, www.controlled-trials.com, ISRCTN86049077). All participants gave 
written informed consent before participation. For both studies, inclusion criteria 
for the COPD patients were: diagnosis of COPD GOLD stage I to IV19 and no 
respiratory tract infection or exacerbation at least 4 weeks prior to the study 
(clinically stable). Exclusion criteria for both COPD and healthy subjects were any 
kind of oncologic pathology less than 5 years prior to the study. 

International Diabetes Federation (IDF) definition of metabolic 
syndrome

Metabolic syndrome was diagnosed based on the latest IDF criteria5: an increased 
waist circumference (WC ≥94cm in European men or ≥80cm in European women)

Plus at least two of the following four criteria:
• glucose >100mg/dL (5.6 mmol/L) or previously diagnosed type II diabetes;
• triglyceride ≥150mg/dL (1.7mmol/L) or specific treatment for this lipid ab-

normality;
• high density lipoprotein (HDL) <40mg/dL (1.03mmol/L) in men or < 50mg/dL 

(1.29mmol/L) in women or specific treatment for this lipid abnormality;
• systolic blood pressure ≥130mmHg and/or diastolic blood pressure ≥85mmHg 

or treatment of previously diagnosed hypertension;

Assessment of components of metabolic syndrome

WC was measured at minimal inspiration and to the nearest 0.1cm, midway 
between the last rib and the iliac crest20. All blood samples were taken after a 
12-hour fasting period. Plasma glucose was measured colorimetrically (Cobas 
Mira, Roche, Basel, Switzerland), triglycerides enzymatically after hydrolysation by 
lipase to glycerol and free fatty acids and HDL was measured automatically using 
a homogenous assay (the latter both analyses were performed on the Synchron 
LX20, Beckman Coulter, Brea CA device, Minneapolis, USA). LDL was calculated 
using the Friedewald equation21. Patients’ blood pressure (BP) was measured 
after the patient had a standard relaxation time, seated comfortably with the back 
and arm supported, legs uncrossed, and not talking22.
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Lung function and arterial blood gases

Lung function parameters were collected using standardized spirometry (Master-
lab, Viasys, Germany). The degree of severity of airflow limitation was classified 
according to the GOLD guidelines19. Arterial oxygen tension (PaO2) and arterial 
carbon dioxide tension (PaCO2) have been analyzed with a blood gas analyzer 
(ABL 700, Radiometer, Copenhagen, Denmark) in the patients only.

Anthropometric parameters

Body mass index (BMI) was calculated by body weight in kilogram divided by 
squared height in meters. Body composition [fat free mass index (FFMI), bone 
mineral density (BMD)] has been assessed using a dual x-ray absorptiometry 
(DEXA) scan (Lunar Prodigy; GE Healthcare, Madison, WI, USA). Fat-free mass 
was calculated by summing up lean mass and bone mass. FFMI was calculated 
as: FFM in kilogram divided by squared height in meters. Low FFM was defined 
as FFMI ≤15 (females) or ≤16 (males) kg/m2. To assess osteoporosis in the pa-
tients, T score of the hip and the lumbar spine has been determined by DEXA 
scan. A normal BMD has been defined by a T-score >-1, Osteopenia by the low-
est T-score between -2.5 and -1, and osteoporosis by a T-score ≤-2.523. 

Exercise capacity and mood status

In COPD patients peak cycling load has been assessed using an incremental er-
gometry cycling test and functional exercise capacity has been assessed using the 
longest distance of two six-minute walking distance tests (6MWD; including a 
practice walk24). The St. George Respiratory Questionnaire (SGRQ) has been 
used to assess disease-specific health status25. The SGRQ consists of three do-
mains (symptoms, activity and impact) as well as a total score. Scores can range 
from 0 (=optimal) to 100 points (=worst). The Modified Medical Research 
Council (MRC) dyspnoea scale has been recorded. Assessment of mood status 
has been done using the Hospital Anxiety and Depression Scale (HADS)26.

Additional parameters

Subjects’ smoking status (never, former, and current smoker) as well as the num-
ber of pack years were recorded. In patients only, the use of long-term oxygen 
therapy (LTOT), the Charlson Co-morbidity Index (CCI)27 to evaluate the pres-
ence of self-reported co-existing morbidities like cardiovascular disease, periph-
eral vascular disease and type II diabetes, and patients’ current pharmacological 
treatment (inhaled and oral corticosteroids, statins, ß-blocker, anti-diabetics, in-
sulin, blood pressure lowering drugs) were recorded.
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Statistical analyses

Besides whole group comparison, both the patient and healthy subject groups 
were stratified for BMI (with a cut-off of 25 kg/m2) and for gender to evaluate the 
prevalence of the metabolic syndrome. Categorical variables are described as fre-
quencies, while continuous variables were checked for normality and described 
as mean ± SD or median (inter-quartile range; for pack years). Evaluation of 
group differences (patients vs. Healthy subjects, patients with vs. without meta-
bolic syndrome) in means for continuous variables was done using the Unpaired 
Student’s t-test, and for categorical variables the chi-square test. All analyses were 
performed using the Statistical Package for the Social Sciences (SPSS) version 20 
for Windows. A p-value of ≤0.05 was considered significant.

Results

Prevalence of metabolic syndrome and its components

The COPD patients were characterised by moderate to severe airflow limitation 
(table 1). Compared to healthy subjects, COPD patients were slightly older, had 
a higher number of pack years and male gender was predominant. While BMI and 
FFMI were lower, WC was higher in the patients.
Plasma HDL concentration and diastolic blood pressure were lower in the COPD 
patients. Prevalence of a high systolic and diastolic blood pressure, one of the 
criteria of metabolic syndrome, was more prevalent in healthy subjects than in 
the patients, but metabolic syndrome was more prevalent in the patients than in 
healthy subjects. After stratification for BMI: the subgroup of patients with a BMI 
≥ 25 kg/m2 were matched for BMI with their healthy peers, but BMI was lower in 
the subgroup of patients with BMI < 25 kg/m2 compared to their healthy peers 
(table 2). Further, in the subgroups of subjects with BMI < 25 kg/m2, WC was 
higher and plasma HDL concentration was lower in patients than in healthy sub-
jects, but the prevalence of the metabolic syndrome was comparable.

Figure 1 provides an overview of the prevalence of metabolic syndrome and 
its components in COPD and healthy subjects after stratification for gender and 
BMI. The prevalence of none of the criteria as well as the prevalence of metabolic 
syndrome was significantly different between men and women with BMI < 25 kg/
m2. In the subjects with BMI ≥ 25 kg/m2, WC and plasma glucose concentration 
were higher and systolic and diastolic blood pressure were lower in the patients 
compared to the healthy subjects. Furthermore, the prevalence of a high WC and 
a high triglyceride level was higher while the prevalence of a high systolic and di-
astolic blood pressure was lower in the patients than in the healthy subjects. The 
prevalence of the metabolic syndrome was 77% in the patients and 50% in the 
healthy subjects (p<0.01). Figure 1 shows that in the men with BMI ≥ 25 kg/m2. 
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The prevalence of high systolic and diastolic blood pressure was lower and the 
prevalence of high WC and metabolic syndrome was higher in COPD patients 
than in healthy subjects. In the women with BMI ≥ 25 kg/m2, a higher systolic 
blood pressure was more prevalent in the healthy subjects than in the patients 
while the prevalence of metabolic syndrome was more prevalent in the patients.

table 1.  Baseline characteristics of the total study population
COPD patients (n=228) healthy subjects (n=156)

Gender, %male 59 45*

age, years 63.7 ± 7.1 60.1 ± 7.4*

FEV1, %pred 52.8 ± 18.6 120.4 ± 15.8*

FVC, %pred 96.1 ± 19.1 122.8 ± 21.3*

FEV1/ FVC 40.9 ± 12.2 78.1 ± 6.5*

smoking status

never smoker, % 0 77*

former smoker, % 73 23*

current smoker, % 27 0*

Pack years, n#  43.0 (29.4-58.5) 3.5 (0.0-15.3)*

BMI, kg/m2 26.2 ± 5.1 27.3 ± 4.2†

FFMI, kg/m2 17.0 ± 2.4 17.9 ± 3.6*

Waist circumference, cm 98.5 ± 14.3 93.9 ± 10.7*

Plasma glucose level, mmol/L 5.8 ± 1.2 5.6 ± 0.7

Plasma triglyceride level, mmol/L  1.5 ± 0.9 1.5 ± 1.1

Plasma HDL level, mmol/L  1.7 ± 0.5 1.8 ± 0.5†

Systolic blood pressure, mmHg  138.6 ± 21.4 142.7 ± 20.3

Diastolic blood pressure, mmHg  82.2 ± 9.7 84.3 ± 9.1†

High waist circumference$, % 79 79

High glucose level$, % 49 45

High triglyceride level$, % 31 22

High HDL level$, % 10 8

High systolic blood pressure$, % 61 75*

High diastolic blood pressure$, % 33 46*

Metabolic syndrome$, % 57 40*

Data are presented: mean ± SD, percentages or #median (interquartile range) if data were not 
normal distributed. FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; 
BMI, body mass index; FFMI, fat free mass index; HDL, high density lipoprotein. $according to the 
IDF. Other symbols: *p<0.01, †p<0.05 compared with COPD patients.
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Figure 1. Prevalence of metabolic syndrome and its components in COPD and 
healthy subjects by BMI and gender

A: subjects with BMI < 25 kg/m2, B: subjects with BMI ≥ 25 kg/m2. WC, waist circumference; HDL, 
high density lipoprotein; Syst BP, systolic blood pressure; Dia BP, diastolic blood pressure; Met Syn, 
metabolic syndrome. *p<0.01, †p<0.05 compared to COPD patients.
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table 2:  Body composition and criteria of metabolic syndrome of the study pop-
ulation by BMI

BMI < 25 kg/m2 BMI ≥ 25 kg/m2

COPD  
patients (n=97)

healthy  
subjects (n=47)

COPD  
patients (n=131)

healthy  
subjects (n=109)

BMI, kg/m2 21.7 ± 2.4 23.0 ± 1.5* 29.4 ± 3.9 29.1 ± 3.5

FFMI, kg/m2 15.3 ± 1.5 15.8 ± 1.9† 18.3 ± 2.1 18.8 ± 3.7

Waist  
circumference, cm

87.4 ± 10.6 83.3 ± 7.7† 107 ± 10.7 98.5 ± 8.2*

Plasma glucose 
level, mmol/L

5.5 ± 0.9 5.4 ± 0.6 6.0 ± 1.3 5.7 ± 0.7†

Plasma triglyceride 
level, mmol/L

1.3 ± 0.6 1.2 ± 0.6  1.7 ± 1.0 1.6 ± 1.3

Plasma HDL level, 
mmol/L

1.8 ± 0.5 2.0 ± 0.5†  1.4 ± 0.4 1.7 ± 0.4

Systolic blood 
pressure, mmHg

136.5 ± 19.9 135.1 ± 18.5  140 ± 22.3 146 ± 20.2†

Diastolic blood 
pressure, mmHg

82.3 ± 9.5 80.2 ± 8.9  82.2 ± 9.9 86.1 ± 8.6*

High waist  
circumference$, %

49 57 100 88*

High glucose level$, 
%

41 36 55 49

High triglyceride 
level$, %

20 17 40 25†

High HDL level$, % 5 6 13 8

High systolic blood 
pressure$, %

55 55 66 83*

High diastolic 
blood pressure$, %

33 23 33 56†

Metabolic  
syndrome$, %

29 17 77 50*

Data are presented: mean ± SD or percentages. BMI, body mass index; FFMI, fat free mass index; 
HDL, high density lipoprotein. $according to the IDF. Other symbols: *p<0.01, †p<0.05 compared 
with COPD patients.
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Characteristics of patients with and without metabolic syndrome 

Even after stratification for BMI, the markers of body composition, BMI and FFMI 
were higher in patients with compared to those without metabolic syndrome 
(table 3). Further, in the patients with BMI < 25 kg/m2, patients with metabolic 
syndrome had a lower prevalence of low muscle mass and a lower 6MWD com-
pared to patients without metabolic syndrome. In addition, the proportion of 
patients using statins and blood pressure lowering drugs was higher when having 
metabolic syndrome. In the patients with BMI ≥ 25 kg/m2, male gender was pre-
dominant and BMD of the lumbar spine was higher in the patients with compared 
to those without metabolic syndrome. Also the proportion of patients with myo-
cardial infarction, peripheral vascular disease, diabetes type II, and the proportion 
of patients using statins, ß-blockers and blood pressure lowering drugs was higher 
in the patients with compared to those without metabolic syndrome. Other char-
acteristics like spirometry, GOLD stages and combined COPD assessment, peak 
cycling load, prevalence of osteopenia/ osteoporosis, use of long term oxygen 
therapy, arterial blood gases, dyspnea, symptoms of anxiety and depression, and 
health status were similar between COPD patients with and without metabolic 
syndrome.  

Discussion
The present study reports on two important findings: first, metabolic syndrome 
is more prevalent in overweight to obese patients with COPD compared to BMI 
matched healthy subjects. In the present cohort, no difference in the frequency of 
metabolic syndrome was observed in low to normal weight patients and healthy 
subjects. Second, the presence of metabolic syndrome in COPD patients had no 
functional consequences, but it coincided with more cardiovascular co-morbidity 
and type II diabetes.

Fifty seven percent of the COPD patients were diagnosed with metabolic syn-
drome, a prevalence comparable with previous studies15,16. However, this per-
centage was significantly higher compared to the healthy subjects, despite the 
presence of a lower BMI. Indeed, after stratification for BMI, the prevalence of 
metabolic syndrome was not significantly different in the subjects with BMI < 
25 kg/m2, but the prevalence of metabolic syndrome was significantly higher in 
the patients compared to the healthy subjects in the group with BMI ≥ 25 kg/
m2. According to the IDF, the prevalence of metabolic syndrome is largely driven 
by abdominal obesity. In fact, it was recently shown that patients with obstruc-
tive lung disease have more visceral fat mass compared to healthy subjects28. 
Here, these findings are indirectly confirmed by the observation that even after 
stratification for BMI patients in both BMI sub-groups have higher WC than their 
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table 3. Clinical and functional characteristics of the COPD patients by metabolic 
syndrome

BMI < 25 kg/m2 BMI ≥ 25 kg/m2

Metabolic syndrome Metabolic syndrome

with (n=28)
without 
(n=69)

with (n=101)
without 
(n=30)

age, years 64.3 ± 6.6 62.9 ± 7.2 64.1 ± 7.2 63.7 ± 7.3

male, % 64 55 65 40†

FEV1, % pred. 45.2±  18.9 49.4 ± 20.5 57.5 ± 17.0 52.1 ± 15.9

FVC, % pred. 92.8 ± 23.3 97.5 ± 17.7 95.8 ± 19.4 97.1 ± 16.9

FEV1/ FVC, % pred. 35.6 ± 9.9 37.8 ± 13.4 44.6 ± 11.6 40.2 ± 9.3

GOLD I, II, III, IV, % 0, 43, 36, 21 7, 36, 41, 16 8, 59, 27, 6 7, 50, 40, 3
Combined COPD  
assessment  A, B, C, D, %

32, 11, 4, 54 18, 23, 17, 42 23, 43, 2, 32 27, 30, 10, 33

BMI, kg/m2 23.2 ± 1.3 21.1 ± 2.5* 30.1 ± 4.1 27.3 ± 2.2*

FFMI, kg/m2 15.9 ± 1.3 15.0 ± 1.5* 18.6 ± 2.2 17.1 ± 1.5*

Low muscle mass, % 32 72* 4 7

BMD hip, g/cm2 0.80 ± 0.10 0.80 ± 0.15 0.89 ± 0.13 0.89 ± 0.23

BMD lumbar spine, g/cm2 1.04 ± 0.16 1.01 ± 0.20 1.14 ± 0.18 1.05 ± 0.16†

osteopenia , % 46 41 56 60

osteoporosis, % 50 49 19 20

6MWD, m 438.0 ± 122.1 491.9 ± 97.3† 460.4 ± 95.5 474.6 ± 125.3

6MWD, %pred 73.7 ± 21.3 80.5 ± 14.7 82.4 ± 16.6 81.6 ± 19.9

peak load, watts 68.0 ±19.4 68.2 ± 23.8 81.7 ± 28.6 78.2 ± 38.4

peak load, %pred 56.6 ± 31.5 55.1 ± 23.8 61.9 ± 25.8 65.9 ± 26.9

smoking status

 never smoker, % 0 0 0 3

 former smoker, % 64 64 79 73

 current smoker, % 36 36 21 23

pack years, n# 38.5  
(27.3-56.2)

43.8  
(28.5-59.7)

43.8  
(31.5-58.8)

38.3  
(30.6-56.1)

LTOT, % 14 20 13 23

pH 7.44 ± 0.03 7.43 ± 0.03 7.43 ± 0.02 7.44 ± 0.09

PaCO2, kPa 5.3 ± 0.7 5.3 ± 0.6 5.3 ± 0.6 5.5 ± 0.6

PaO2, kPa 9.3 ± 1.1 9.6 ± 1.1 9.5 ± 1.0 9.3 ± 1.2
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BMI < 25 kg/m2 BMI ≥ 25 kg/m2

Metabolic syndrome Metabolic syndrome

with (n=28)
without 
(n=69)

with (n=101)
without 
(n=30)

MRC 2.3 ± 1.3 1.9 ± 1.0 2.2 ± 1.1 2.0 ± 1.2

HADS, anxiety 6.0 ± 3.8 6.5 ± 4.3 6.0 ± 3.8 7.2 ± 4.2

 depression 5.4 ± 3.6 5.6 ± 3.4 5.8 ± 3.7 5.7 ± 3.6

SGRQ, total score 52.2 ± 16.2 49.8 ± 18.1 52.7 ± 16.9 50.3 ± 19.7

 symptom score 54.8 ± 18.8 57.7 ± 21.4 55.2 ± 19.9 53.4 ± 23.0

 activity score 65.6 ± 20.8 65.6 ± 23.2 71.0 ± 21.0 66.7 ± 21.6

 impact score 39.3 ± 21.4 38.9 ± 21.6 41.2 ± 18.0 40.0 ± 21.8

Charlson Co-morbidity  
Index

 CVD, % 32 22 39 27

 Myocardial infarct, % 4 6 18 0†

 Peripheral vascular  
 disease, %

14 13 22 13†

 Type II diabetes, % 7 3 8 3†

Medication use

 Inhaled CS, % 14 12 13 13

 Oral CS, % 14 7 8 10

 Statins, % 46 7* 47 3*

 Beta-blockers, % 21 9 26 7†

 Anti-diabetics, % 7 3 6 3

 Insulin, % 0 0 3 3

 Blood pressure  
 lowering drugs, %

54 28† 61 17*

Data are mean ± SD or percentages or #median (interquartile range) if data were not normal dis-
tributed. FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; BMI, body 
mass index; FFMI, fat free mass index; BMD, bone mineral density; 6MWD, six minute walking 
distance; LTOT, long term oxygen therapy; PaCO2, arterial carbon dioxide tension; PaO2, arterial 
oxygen tension; CVD, cardiovascular disease; inhaled and oral CS, inhaled and oral corticosteroids; 
MRC, modified Medical Research Council; HADS, Hospital Anxiety and Depression Scale; SGRQ, 
St. George Respiratory Questionnaire.
*p<0.01, †p<0.05 compared to patients without the metabolic syndrome.
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matched healthy peers. It is uncertain why abdominal obesity is more prevalent in 
COPD patients compared to healthy subjects, but various factors including poor 
nutrition and an inactive lifestyle may play an important role28. It is remarkable that 
the prevalence of metabolic syndrome is only higher in the patients with BMI ≥ 
25 kg/m2. Furthermore, cardiovascular co-morbidity was more prevalent in the 
patients with metabolic syndrome and BMI ≥ 25 kg/m2.  These data imply that 
BMI contribute to the cardiovascular co-morbidity in COPD on top of metabolic 
syndrome. 

The presence of metabolic syndrome was independent of the degree of airflow 
limitation. One other manuscript reported a slightly higher prevalence of meta-
bolic syndrome in mild to moderate COPD patients16. In the present study most 
patients had COPD GOLD stage II or III, but no difference in the prevalence of 
metabolic syndrome within the various GOLD stages of COPD could be identi-
fied. Indeed, in the general population metabolic syndrome is associated with re-
strictive ventilatory patterns but not with obstructive lung function impairments29. 
This association is mainly driven by abdominal obesity, which is particularly pre-
sent in patients with moderate airflow obstruction. 

In patients with BMI < 25 kg/m2, patients with metabolic syndrome had lower 
6MWD compared to the patients without metabolic syndrome. This is a surpris-
ing finding as the prevalence of low muscle mass, which is associated with de-
creased exercise tolerance30, was lower in the patients with metabolic syndrome. 
On the other hand, metabolic syndrome contributes to a lower exercise capacity 
assessed by treadmill test in healthy subjects9,10 and lower physical activity levels 
have been found in COPD patients with compared to those without metabolic 
syndrome16. However, differences in body composition were not taken into ac-
count as possible confounder. Interestingly, in the patients with BMI ≥ 25 kg/m2 
metabolic syndrome did not affect functional exercise performance.

In the present study the prevalence of osteoporosis in COPD patients ranges 
from 20% up to 50% depending on BMI. To date no data are available on levels 
of BMD in COPD patients with metabolic syndrome. In the present study we did 
not find an association between the prevalence of metabolic syndrome and the 
prevalence of osteoporosis, but we did find a higher BMD of the lumbar spine in 
the patients with BMI ≥ 25 kg/m2 and metabolic syndrome. In the NHANES study, 
performed in the general population it was shown that subjects with metabolic 
syndrome have higher BMD compared to subjects without metabolic syndrome 
(after correcting for multiple confounders) and these results were mainly driven 
by an increased abdominal obesity14. Indeed, even a protective effect of criteria 
of metabolic syndrome against non-vertebral fractures has been described in pa-
tients with type II diabetes31. This effect could be partly explained by an increased 
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mechanical load on the cortical skeleton32 and increased insulin levels promoting 
bone formation due to an increased fat mass33. There aside, in COPD it is already 
shown that circulating leptin, a cytokine produced and secreted by adipocytes, 
appears to act as a mediator between fat mass and bone mass34. More studies 
should be performed to investigate whether metabolic syndrome in COPD could 
have a protective effect on osteoporosis. 

COPD is known to have a negative impact on the disease-specific health status 
and the effect increases even more with increased disease severity35. Even pa-
tients with COPD GOLD stage I can suffer from an impaired disease-specific 
health status35. Identifying factors related to a decreased disease-specific health 
status in COPD are, besides lung function impairment35, exercise intolerance36, 
dyspnoea, anxiety37, and body composition38. In general chronic conditions, such 
as type II diabetes, hypertension as well as dyslipidaemia are well known to af-
fect patients’ disease-specific health status. Thus, it can be expected that sub-
jects having metabolic syndrome also suffer from impaired disease-specific health 
status12,13. In COPD co-morbid conditions might lead to a further decrease in 
disease-specific health status. However, results from our study show that COPD 
patients having metabolic syndrome are not additionally affected in their disease-
specific health status.

Finally the latest global strategy for the diagnosis, management and prevention 
of COPD (GOLD) highlighted the importance of co-morbidities in COPD. In 
particular, cardiovascular diseases, lung cancer, osteoporosis, depression, and 
metabolic disorders, such as type II diabetes, as they have a significant impact 
on prognosis and some of them even have been found to be the most frequent 
cause of death in mild COPD1. The here presented results indicate that having 
metabolic syndrome increases the co-morbidity index, particularly in those pa-
tients with an overweight or obese BMI. Therefore metabolic syndrome has to be 
identified and treated appropriately in patients with COPD. Future studies need 
to investigate the effect of treatment of metabolic syndrome on health outcomes 
in COPD, including cardiovascular risk reduction and mortality. 

The following methodological considerations have to be taken into account: first-
ly, the healthy subjects were significantly, but slightly younger than the COPD pa-
tients. However, it is unlikely that a mean age difference of about 3 years explains 
the difference in the prevalence of the metabolic syndrome. Secondly, blood 
pressure of the healthy subjects was relatively high. Indeed, hypertension was 
the most mentioned co-morbidity among the healthy subjects. Further, subjects 
were not allowed to take their blood lowering drugs before the tests. Thirdly, no 
metabolic effects of metabolic syndrome are taken into account in the present 
study. Nevertheless, there is evidence that metabolic syndrome is associated with 
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disturbed adipokine metabolism, insulin resistance39, and with increased systemic 
inflammation16. These studies did however not include a healthy subjects and 
future research has to unravel whether this is a COPD specific effect. Fourth, 
the present study had a cross-sectional study design and longitudinal studies are 
warranted to investigate the long term effects of metabolic syndrome on cardio-
vascular and other morbidities in patients with COPD.

In conclusion, in contrast to normal weight patients, metabolic syndrome is 
more prevalent in overweight and obese patients with COPD compared to BMI 
matched healthy subjects. Both, lung function impairment and functional parame-
ters did not differ between COPD patients with and those without metabolic syn-
drome. Additionally, the prevalence of osteoporosis and disease-specific health 
status were not altered by the presence of metabolic syndrome, while metabolic 
syndrome has shown to contribute to an increased co-morbidity index.
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General discussion
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Introduction
In earlier days the idea of a uniform state of systemic low-grade inflammation in 
every COPD patient was proposed1. This thesis deals with the nowadays most 
widely accepted heterogeneity of systemic low-grade inflammation in COPD2,3 
(chapter 4). Furthermore this thesis shows the adipose tissue as one of the ori-
gins of systemic low-grade inflammation in COPD; demonstrated by a relation-
ship between the adipocyte derived adipokines and the COPD related systemic 
inflammatory biomarkers in particular C-reactive protein (CRP) and fibrinogen 
(chapter 2, 3, 5, and 6). In addition, host-related factors, such as BMI, age and 
physical inactivity, have been discussed as contributing factors to the heterogenei-
ty of systemic low-grade inflammation in COPD (chapter 4, 7, and 8). Lastly, this 
thesis indicates the high prevalence of the metabolic syndrome in COPD compa-
red to healthy subjects and its clinical and functional consequences (chapter 9). 

heterogeneity of systemic low-grade inflammation
Persistent systemic low-grade inflammation plays an important role in the patho-
genesis of many chronic diseases, including COPD.4 Consensus is growing that 
the inflammatory processes that underlie COPD are probably mediated by a mul-
titude of cytokines. Moreover different inflammatory systems, such as acute phase 
proteins and the TNFα system are linked to one another. TNF stimulates the 
synthesis and secretion of IL-6 which in turn, stimulates the synthesis and secreti-
on of CRP and fibrinogen from human hepatocytes5. Therefore, chapter 4 of this 
thesis suggests that a possible interrelationship between the acute phase markers 
and the markers of the TNF system exists. A significant but weak relationship 
between the markers of the two systems is present in COPD. These findings are 
in line with research in a small COPD cohort (n=58) reporting no correlation 
between CRP and the TNF system6. Whether the failure to show an association 
is due to the short serum half life of a few minutes of TNF or it is rather an il-
lustration of the complexity of the role of systemic low-grade inflammation in the 
pathogenesis of COPD, remains uncertain.
Multiple small-sized, cross-sectional studies have investigated systemic low-grade 
inflammation in COPD. Most studies showed a large variability in the inflammato-
ry values observed. The longitudinal relationship of inflammatory cytokines with 
clinical relevant outcomes has not been investigated so far. In connection with this, 
the ECLIPSE study (Evaluation of COPD Longitudinally to Identify Predictive Sur-
rogate Endpoints) was initiated. The ECLIPSE study is a large observational study 
of COPD patients and healthy subjects conducted at 46 centres in 12 countries 
aiming to define COPD phenotypes and to identify biomarkers that help to pre-
dict disease progression7. In 2012, the ECLIPSE study confirmed the hypothesis 
of heterogeneity of systemic low-grade inflammation in COPD3. White blood 
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cells, CRP, IL-6, IL-8, fibrinogen and TNF were determined in 1.755 COPD 
patients and 499 healthy subjects at baseline, and at one and three year follow-up. 
Systemic low-grade inflammation was not a constant feature of COPD. One-third 
of the COPD patients did not have any prove of elevated systemic inflammatory 
biomarker at baseline and about the same proportion remained ‘non-inflamed’ 
after one year follow-up3. ‘Inflamed’ patients were characterised as obese, dys-
pnoeic, with a decreased disease-specific health status and exercise tolerance and 
reported more cardiovascular disease, whereas most pulmonary characteristics 
such as the prevalence of chronic bronchitis, the degree of emphysema, and the 
annual decline of FEV1 during follow-up were comparable with the non-inflamed 
patients. Age, BMI, current smoking, and disease-specific health status were iden-
tified as risk factors for persistent systemic inflammation, while gender, cumulative 
smoking exposure, exacerbation rate, exercise tolerance, presence of chronic 
bronchitis or emphysema and the history of cardiovascular disease were not. The-
se observations suggest that the severity of the respiratory impairment in COPD 
is not accompanied by systemic low-grade inflammation, questioning (again) the 
earlier on discussed ‘spill over’ theory of local inflammation into the circulation. 
Moreover as ‘inflamed’ patients were characterised as obese a possible other ori-
gin of systemic inflammation, the adipose tissue is proposed by the authors. This 
confirms in part the findings of chapter 2, where obese patients with COPD had 
higher chances of having elevated CRP levels compared to normal weight peers. 
The observed all-cause mortality and the annual rate of COPD exacerbations at 
year three follow-up in the ECLIPSE study was higher in the persistently inflamed 
patients compared to the non-inflamed patients. These findings indicate that inde-
pendent of the severity of disease; inflamed patients may have different outcomes 
compared to those without persistent systemic inflammation. This might have 
implications on pharmacological treatment of COPD patients as current therapy 
is mostly based on the degree of airflow limitation and the assumed inflammatory 
changes in the respiratory system. However, even inflammation in the respiratory 
system seems highly variable in COPD. Worth noting is the fact that ‘inflamed’ 
does not necessarily describe the frequent exacerbator phenotype8 as about one-
third of the inflamed patients reported no exacerbation during year one follow 
up. In short, it seems reasonable to accept that systemic low-grade inflammation 
in COPD is heterogenic. 

Determinants of systemic low-grade inflammation
Multiple attempts have been made to identify possible contributing factors de-
termining systemic low-grade inflammation in COPD. Disease-related factors, in 
particular the degree of airflow limitation has been studied; based on the ‘spill 
over’ theory and an assumed progressive local (lung) inflammation with advanced 
airflow limitation9 a more accelerated systemic inflammatory response has been 
hypothesised. Some studies supported this hypothesis, but other couldn’t. One 
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study found decreasing circulating levels of the soluble TNF receptor R1 with 
lower FEV1 values in multiple regression analysis10. One other study reported 
that by applying protein microarray platform technology systemic inflammatory 
biomarkers were associated with different clinical variables including the degree 
of airflow limitation11. Findings have to be interpreted cautiously as studies are 
cross-sectional and relatively small sized. Conversely, no relationship was found 
in chapter 4 between airflow limitation and systemic inflammatory biomarkers in 
an averaged sized study sample (N=295). This data was in line with other data, 
showing that systemic inflammatory markers could not discriminate between di-
sease stages of COPD2,12. Most recently the ECLIPSE study reported that the 
prevalence of chronic bronchitis and the extent of emphysema based on CT 
scans were similar between the ‘inflamed’ and ‘non-inflamed’ patients3. All to-
gether, these findings supported the concept that additional host-related factors, 
for example age and BMI, may contribute to the systemic low-grade inflammation 
in COPD. 

Body mass index and adipose tissue

In the general population, overweight (BMI >25kg/m2) and obese (BMI >30kg/m2) 
subjects are reported to have increased levels of CRP compared to normal weight 
(BMI 21-24.9 kg/m2) peers, as shown in the Third National Health and Nutrition 
Examination Survey (NHANES III)13.  In COPD first evidence suggests a positive 
association between CRP and BMI14,15. Therefore it seemed reasonable to hy-
pothesise that overweight and obese COPD patients have increased CRP levels 
compared to normal weight COPD patients. Indeed, an increased likelihood of 
highly elevated CRP levels (CRP > 5mg/dL) was found in overweight and obese 
COPD patients compared to normal weight peers (chapter 2). These results re-
mained significant after correcting for potential confounders, such as age, smoking 
status, disease severity, use of long term oxygen therapy, presence of co-exiting 
morbidities, fat free mass index (FFMI) and current pharmacological treatment. 
Furthermore results showed a clear reduction in the likelihood of having highly 
elevated CRP levels in COPD patients with a low BMI (< 21kg/m2) compared to 
normal weight peers. This is in line with findings from chapters 4 and 5, where 
increasing CRP levels with increasing BMI were found in a multivariate regression 
model. In chapter 3, a total body dual-energy-x-ray-absorptiometry (DXA-scan) 
was performed in 295 stable COPD patients to obtain abdominal fat mass which 
was positively correlated with CRP. Even when patients with normal CRP levels 
were chosen, the direct association between CRP and abdominal fat mass remai-
ned. In line, COPD patients with increased CRP levels have been found to have 
a higher adipose tissue macrophage infiltration compared to COPD patients with 
low CRP levels16.  These results highlight the systemic complexity of low-grade 
inflammation in COPD and emphasises a possible contributing role of the abdo-
minal fat mass.
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These results encouraged us to proceed with investigating the role of the adipose 
tissue and particularly its adipokines in relation to various systemic inflammatory 
biomarkers in COPD. When setting up the investigations only little was known 
about circulating leptin and adiponectin in relation to COPD, the two main adipo-
cytes studied. However from this few studies undertaken mainly in male COPD 
patients with a low BMI (< 21kg/m2), it was concluded that leptin plays a physio-
logical role in COPD, even in underweight patients17-19. Before the start of the cur-
rent project, no data on a possible relationship of circulating leptin or adiponectin 
with different systemic inflammatory biomarkers was available. chapter 5 show-
ed higher circulating leptin levels in female COPD patients compared to male 
peers.  Moreover, in chapter 6 we could confirm higher circulating leptin levels in 
female COPD patients and healthy subjects compared to male COPD patients 
and healthy subjects. Furthermore in female COPD patients, leptin was positively 
correlated with CRP and fibrinogen, while in COPD men leptin did not corre-
late with the systemic inflammatory biomarkers. In the multivariate regression 
analysis CRP was independently associated with leptin. This is in line with results 
from chapter 5 showing a positive correlation between CRP and leptin in COPD 
women. Taken together there seems to be a gender-dependent dysregulated 
adipokine metabolism in relation to systemic inflammatory biomarkers in COPD 
patients compared to BMI matched healthy subjects. The link between leptin and 
CRP in the general population and particularly in women is not clear. In general, 
women have higher circulating leptin levels compared to men20, which might be 
due to a higher circulating leptin secretion based on a higher fat mass percenta-
ge, particularly post-menopausal (decreased estrogens levels and an increased 
amount of body fat)21. Indeed, animal and in vitro studies confirmed an inhibito-
ry effect of androgens on circulating leptin secretion22. However disturbances in 
the estrogen metabolism in women with COPD have not been investigated yet, 
although estrogens are thought to be involved in the biological difference in the 
susceptibility of the development of COPD23.
Increased circulating leptin levels are a strong predictor for myocardial infarction 
and first-ever hemorrhagic stroke in the general population24,25. This data suggests 
a possible link between the pro-inflammatory cytokine and the development of 
cardiovascular disease. Interestingly in chapter 6 COPD patients with self-repor-
ted cardiovascular co-morbidities were excluded from the study in order to avoid 
other chronic inflammatory diseases interfering with our results, although some 
patients still might have had unknown cardiovascular co-morbidity. To speculate, 
circulating leptin might therefore be one additional pro-inflammatory cytokine 
contributing to the increased cardiovascular morbidity and mortality observed in 
patients with COPD compared to healthy subjects26. Up until now this hypothesis 
has never been investigated. 
In addition, increased adiponectin levels, an inverse relationship between adi-
ponectin and BMI, as well as an inverse relationship between adiponectin and 
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CRP have been found in COPD patients compared to BMI matched healthy sub-
jects (chapter 6). These results may reflect the beneficial effects of adiponectin 
on decreasing cardiovascular risk as clinical studies have identified an association 
between low serum levels of adiponectin and coronary artery disease, hyperten-
sion, left ventricular hypertrophy and a greater risk of myocardial infarction27-29. In 
contrast, in patients with chronic heart failure as well as chronic renal failure, hig-
her identified adiponectin levels have been associated with an increased cardiac 
and all-cause mortality30-32. Interestingly very recently higher levels of adiponectin 
were associated with an increased overall mortality in a rather small COPD co-
hort33. This data possibly suggests that adiponectin besides its beneficial biological 
effects, is an indirect marker of the multi-component severity in COPD. Further 
studies are needed to explore the potential role of adiponectin as a contributing 
factor in the disease progression.
Taken together we have demonstrated that obese COPD patients are more 
likely to have highly elevated CRP levels compared to normal weight peers and 
the abdominal fat mass is likely a contributing source of systemic low-grade in-
flammation in COPD. Indeed, the adipocyte-derived pro-inflammatory cytokine 
leptin is positively correlated with CRP and fibrinogen in female COPD patients; 
indicating a gender-dependent dysregulated adipokine metabolism in relation to 
systemic inflammatory biomarkers in COPD. Furthermore the anti-inflammatory 
cytokine adiponectin is increased in COPD patients and inversely related to CRP. 
This data suggests that the abdominal fat mass and its adipokines are involved in 
the complexity of systemic low-grade inflammation in COPD. However the exact 
role of circulating leptin as a potential contributing factor in the pathogenesis of 
cardiovascular morbidities and mortality as well as the exact role of adiponectin 
as a potential contributing factor in the disease progression of COPD still have to 
be investigated.

Age

‘All diseases run into one - old age’ the philosopher Ralph Waldo Emerson stated 
in his book ‘Nature’ in 183634 and indeed multi-morbidity becomes progressi-
vely more common with age35. Very recently Barnett and colleagues published an 
analysis of a large, national representative primary care dataset (about 1.7 million 
Scots) showing that although the proportion of multi-morbidity subjects is much 
higher in older people than in young or middle-aged people, more than half of 
people with multi-morbidity were younger than 65 years36. A population based 
cohort study of the general Dutch population older than 40 years of age revealed 
that the incidence of COPD is age dependent37. In general, aging is thought to be 
involved in inducing a chronic systemic inflammatory response which has been 
proposed as a key for all age-related diseases38,39. This phenomenon is called ‘In-
flammaging’, the body’s ability to deal with the up-regulation of various anti-stress 
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responses at the cellular and molecular level40. Different aetiological factors likely 
contribute to this increased systemic low-grade inflammatory activity including 
smoking, arteriosclerosis, increased amount of fat tissue, as well as increased levels 
of circulating inflammatory mediators38. In particular an age-dependent increase of 
the acute phase protein fibrinogen, based on an age-related slower rate of fibri-
nogen disposal41, but also an increase of the TNF system in the elderly popula-
tion has been reported42. In chapter 4 age remained an independent determinant 
for the soluble TNF receptor R1 and fibrinogen in the multivariate regression 
model in patients with COPD. Whether and to what extent this increased syste-
mic inflammatory activity causes age-related pathologies, like COPD, or whether 
it rather reflects ongoing pathological processes remains unclear. Recently it has 
been hypothesised that COPD is a syndrome of accelerated ‘lung aging’43 based 
on enhanced oxidative stress levels44 and shorter telomere lengths45 compared to 
age matched healthy subjects. Further research is needed to obtain more insight 
into the morphological but also functional age-related changes in COPD.

Physical inactivity

The World Health Organisation (WHO) defines physical activity as ‘any bodily 
movement produced by skeletal muscles that requires energy expenditure‘46. 
Physical inactivity has been identified as the fourth leading risk factor for global 
mortality causing an estimated 3.2 million deaths globally46. Regular moderate 
intensity physical activity such as walking, cycling, or participating in sports, has 
significant benefits for health. The risk of cardiovascular diseases, type II diabetes, 
colon and breast cancer, and depression can be reduced as well as adequate 
levels of physical activity can decrease the risk of hip or vertebral fractures and 
help to control weight46. All of which was already known thousands of years ago 
by Plato (428-348 BC), the Greek philosopher who stated ‘Lack of activity dest-
roys the good condition of every human being while movement and methodical 
physical exercise save it and preserve it’. Lee and colleagues estimated how much 
of the world’s major non-communicable diseases (i.e. coronary heart disease, 
and breast and colon cancer) could be averted by increasing daily physical activity 
levels in inactive people, as well as how much gain in life expectancy could occur 
at the population level47. Unfortunately, Lee and colleagues did not present any 
data on chronic respiratory diseases. Most strikingly with elimination of physical 
inactivity, life expectancy of the world’s population might be expected to increase 
by 0.68 years. These findings make physical inactivity similar to risk factors like 
smoking and obesity. One possible underlying cause for the negative impact of 
physical inactivity on health seems to be a state of systemic low-grade inflammati-
on as regular exercise seems to have an anti-inflammatory effect48. More precisely, 
physical inactivity leads to accumulation of visceral fat and consequently to the 
activation of a network of inflammatory pathways which promotes development 
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of insulin resistance, and arteriosclerosis, leading to the development of ‘the di-
seasome of physical inactivity’49. Indeed, low physical activity levels were associa-
ted with markedly higher levels of IL-6 and CRP and, the other way around, levels 
of IL-6 and CRP are linearly associated with physical inactivity50 emphasising the 
hypothesis of physical inactivity to contribute to systemic low-grade inflammation. 
In COPD, patients have shown to be less active compared to healthy subjects51 
and physical inactivity has been linked to increased systemic inflammatory bio-
markers as increased CRP levels have been negatively correlated with physical 
activity levels52. Moreover physical inactivity has shown to be the strongest pre-
dictor of all-cause mortality in patients with COPD33. It therefore seems essential 
to increases physical activity levels not only in the general population but also in 
patients with COPD.
Comprehensive pulmonary rehabilitation programs have impressively shown 
to improve COPD patients’ peripheral muscle function, functional exercise ca-
pacity, daily symptoms of dyspnoea, fatigue, anxiety and depression, and health 
status53. However, most of studies lack to transfer these achievements into long-
term observation54; indicating that an improvement in functional exercise capacity 
does not automatically turn into increased physical activity levels. Furthermore 
the effects of pulmonary rehabilitation on daily physical activity levels in COPD 
have hardly been touched upon in non-randomised and/ or non-controlled trials 
with no or modest effects55-57. Physical training modalities copying everyday-life 
activities may translate better into patients’ physical activity pattern, as shown in 
chapter 7. We determined the feasibility of Nordic Walking, by definition walking 
with specially designed poles, in patients with COPD and determined the long-
term effect of Nordic Walking on COPD patients’ daily physical activity pattern. 
We showed that a three-month supervised Nordic Walking training program is 
a safe training method that increases the daily physical activity level in clinically 
stable outpatients with COPD. In addition, Nordic Walking had a long-term effect 
on patients’ daily physical activity pattern and a reduction in patients’ daily symp-
toms. These results are of great interest as particularly Austrian COPD patients’ 
do not reach the minimum amount of daily physical activity as recommended by 
the American College of Sports Medicine58 compared to COPD patients from 
Brazil as shown in chapter 8 indicating that pulmonary rehabilitation programs in 
Central Europe, even more than in South America, should prioritize the goal of 
enhancing daily physical activity levels. 
Taken together the question arises whether, not only in general but also in COPD, 
an integrated management – a shift from physical exercise to physical activity –
might be the key to improving health substantially and sustainably. Once more to 
mention Lee and colleagues impressive study, where it was shown that in parti-
cular for the Austrian as well as for the Dutch population an increase in life ex-
pectancy of 0.59 and 0.29 years, respectively, if people would be more physically 
active47. Therefore in COPD in order to achieve one of the main goals of pulmo-
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nary rehabilitation – creating a long lasting effect by changing patients’ lifestyle53 

– an integrated pulmonary rehabilitation approach must be aimed at. Specialised 
pulmonary rehabilitation centres with core processes such as intake assessment, 
rehabilitation, education and aftercare, which are product and customer orienta-
ted, will lead to an improvement of patients physical status and quality of life and 
will lead to a cost reduction for health care providers59.

Metabolic syndrome
When starting this PhD only one small size study was available which investiga-
ted the metabolic syndrome in patients with COPD and healthy subjects60. The 
authors reported a prevalence of around 47% in a sample of 38 COPD patients 
and only 21% in the healthy subjects60. Based on this and the earlier mentioned 
incorporation of the metabolic syndrome into the panel of ‘diagnostic compo-
nents of the chronic systemic inflammatory syndrome’61 - a panel targeting an 
overarching approach to diagnose, assess, and manage COPD and its frequent 
co-morbidities - chapter 9 was set up. Prospective data from 228 clinically stab-
le COPD patients and 156 healthy subjects were collected. COPD and healthy 
subjects were matched for BMI and gender and stratified for BMI (below and 
above 25kg/m2). Therewith we could assure that possible differences in clinical 
and functional characteristics between patients with COPD and healthy subjects 
were not due to differences in BMI. The metabolic syndrome was diagnosed ac-
cording to the most recent IDF guidelines62. In the total COPD group, 57% of the 
patients were diagnosed with the metabolic syndrome, which is comparable to 
previous studies60,63. When compared to healthy subjects, in which 40% had the 
metabolic syndrome, the prevalence in COPD patients was higher. In addition, 
after stratification for BMI the prevalence of metabolic syndrome was higher in 
the patients compared to the healthy subjects in the group with BMI ≥25kg/m2. In 
the subjects with BMI <25kg/m2 the prevalence of metabolic syndrome was not 
different. Recently it has been shown that patients with obstructive lung disease 
have more visceral fat mass compared to healthy subjects64. This data were con-
firmed in chapter 9. A poor nutritional diet and/ or an inactive lifestyle are only 
two factors influencing an increased prevalence of abdominal obesity in COPD 
compared to healthy subjects64. As expected the presence of the metabolic syn-
drome was independent of lung function impairment which is in line with findings 
from the general population where the metabolic syndrome is associated with re-
strictive ventilatory pattern (due to abdominal obesity)65. Besides the evaluation 
of the prevalence of the metabolic syndrome compared to healthy subjects, we 
were interested whether the metabolic syndrome contributes to patient related 
outcomes. This point is discussed further in chapter 9 which shows that COPD 
patients with metabolic syndrome are not additionally affected in their functional 
exercise capacity or in their disease-specific health status. Recently lower physical 
activity levels have been associated with the presence of the metabolic syndrome 
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in patients with COPD66. Unfortunately daily physical activity levels have not been 
measured. chapter 9 demonstrated for the first time a prevalence of osteopo-
rosis of 20% in patients with COPD having metabolic syndrome. Although this 
percentage was not higher compared to patients without the metabolic syndro-
me, a higher bone mineral density of the lumbar spine was found in the patients 
with the metabolic syndrome. In line data from the general population from the 
NHANES cohort show that subjects with the metabolic syndrome have a higher 
bone mineral density compared to subjects without67. The authors argue that due 
to an increased fat mass, increased insulin levels promote bone formation68 and 
an increased mechanical load on the cortical skeleton69 may even be protective 
against non-vertebral fractures70. Interestingly circulating leptin appears to act as 
a mediator between fat mass and bone mass71. More controlled trials should 
investigate this pathway. Finally, chapter 9 showed that the metabolic syndrome 
increases the co-morbidity index particularly in those patients with an overweight 
or obese BMI. In 2011 the latest global strategy for the diagnosis, management 
and prevention of COPD (GOLD) highlights the importance of co-morbidities in 
COPD72. In particular cardiovascular diseases, lung cancer, osteoporosis, depres-
sion, and metabolic disorders, such as type II diabetes have a significant impact on 
prognosis and some of them were even responsible for the most frequent cause 
of death in mild COPD72. Therefore the metabolic syndrome has to be identified 
and treated appropriately in every COPD patient.

Methodological considerations
The present thesis has some limitations that should be considered when inter-
preting the results. Firstly, most of studies reported have a cross-sectional design 
and thus causal relationships cannot be drawn and longitudinal data are needed to 
confirm the results. Secondly, in chapter 2, 3, 4, 7, and 8 no healthy control group 
was available therefore control based studies have to be conducted to confirm 
the present findings. Thirdly, although various clinically relevant findings were re-
vealed in the different chapters more direct outcomes and possible consequen-
ces are necessary to obtain more insight into i.e. the gender-related differences 
in the adipokine metabolism and its association with systemic low-grade inflam-
mation in patients with COPD (chapter 7). Fourthly, the investigated systemic 
inflammatory biomarkers are only a part of the pathological pathways proposed 
in the systemic low-grade inflammation in patients with COPD and other pa-
thways might become identified to have a more prominent role in the systemic 
low-grade inflammation in COPD. 
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Clinical implications, conclusion and future  
perspectives
Earlier on, every COPD patient was thought to be characterised by a homo-
genous systemic low-grade inflammation. Today however the heterogeneity of 
systemic low-grade inflammation is indubitable. This thesis has contributed to the 
insight in the heterogeneity of systemic low grade inflammation in COPD. We 
have shown a weak association between two important systemic inflammatory 
systems, the acute phase proteins and the markers of the TNF system. Taken 
the ECLIPSE data into account one third of patients studied did not have any ele-
vated systemic inflammatory biomarkers at baseline and after one year follow-up3. 
Furthermore this group of patients seems to have a better survival rate compared 
to the ‘inflamed’ ones. Importantly, when tailoring medical management as well as 
pharmacological treatment for COPD patients in clinic, BMI, particularly an obese 
BMI, but also age, current smoking, and disease-specific health status need to be 
taken into account. It was identified that most pulmonary characteristics such as 
the degree of emphysema and the annual decline of FEV1 during follow-up were 
inferior in determining systemic low-grade inflammation. Most importantly, the 
observed all-cause mortality and the annual rate of COPD exacerbations at year 
three follow-up was higher in the persistently inflamed patients compared to the 
non-inflamed patients. These findings indicate that independent of the severity of 
disease inflamed patients may have different outcomes compared to those wit-
hout. This will have implications on pharmacological treatment of COPD patients 
as therapy is mostly guided based on local disease severity.
We have clearly shown that an overweight (BMI ≥25kg/m2) or obese (BMI 
≥30kg/m2) BMI contributes to the state of low-grade systemic inflammation 
present in COPD. Overweight and obese COPD patients have shown to have 
an increased likelihood of having highly elevated CRP levels compared to nor-
mal weight COPD patients. This finding implicates that every COPD patients’ 
BMI and waist circumference should be measured in order to identify patients 
with an increased risk profile. We have demonstrated that abdominal fat mass 
could be one of the contributing sources of systemic low-grade inflammation in 
COPD. In addition, abdominal fat also produces and secrets various pro-, and 
anti-inflammatory mediators. Increased anti-inflammatory adiponectin levels have 
been found in COPD patients compared to healthy subjects as well as an inverse 
relationship between adiponectin and BMI and between adiponectin and CRP 
has been shown. These results may reflect the beneficial effects of adiponectin on 
decreasing cardiovascular risk73. Increased levels of circulating leptin and a positive 
association of circulating leptin with CRP and fibrinogen in female COPD patients 
were revealed, while in COPD men leptin correlated with none of the systemic 
inflammatory biomarkers. This data indicates a gender-dependent dysregulated 
adipokine metabolism in relation to systemic inflammatory biomarkers in COPD, 
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which seems quite interesting as biological difference in the susceptibility of the 
development of COPD have already been suggested23. Although the direct clini-
cal implications of these results still have to be elucidated, they seem worth inves-
tigating as circulating leptin levels are a strong predictor for myocardial infarction 
and first-ever hemorrhagic stroke in the general population24,25.
Besides BMI and circulating leptin we have established that age as a host-related 
factor determines systemic low-grade inflammation in COPD, which is in line 
with the findings of the ECLIPSE study. In addition, physical inactivity has been 
associated with increased levels of systemic inflammatory biomarkers in general50 

but also in patients with COPD52. COPD patients are known to be less physically 
active compared to healthy controls51 and comprehensive pulmonary rehabilita-
tion programs so far have shown no or only modest effects on patients physical 
activity levels55-57. We have been able to show that a three-month supervised 
Nordic Walking program increased the daily physical activity levels in clinically sta-
ble outpatients with COPD and had a long-term effect on patients’ daily physical 
activity pattern and a reduction in patients’ daily symptoms. This data illustrates 
that behaviour changes can be achieved in COPD patients. Considering the rela-
tive risks of smoking and physical inactivity, both behaviour attitudes need to be 
considered in an integrative management of COPD patients. Pulmonary rehabi-
litation programs and centres offering a dedicated, multidisciplinary rehabilitation 
program to realize these behaviour changes and accessibility to these programs 
will be very important to attenuate the societal consequences of COPD.
Lastly, in contrast to normal weight patients, the metabolic syndrome is more 
prevalent in overweight and obese COPD patients compared to BMI matched 
healthy subjects. In the overweight to obese subjects, 77% of COPD and 50% 
of healthy subjects were diagnosed with the metabolic syndrome according to 
the latest guidelines. In addition the presence of the metabolic syndrome had no 
independent impact on patients’ functional exercise capacity and disease-specific 
health status, while the presence of the metabolic syndrome contributed to pati-
ents’ co-morbidity status. Therefore it is clinically relevant to screen patients for 
the metabolic syndrome. According to the latest GOLD strategy, independently 
of severity of disease, COPD is associated with various co-morbidities which have 
to be assessed and treated appropriately in every patient72.
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Summary

Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity 
and mortality worldwide. Independent of its pulmonary effects COPD is conside-
red as a multi-component disease and various extra-pulmonary features like sys-
temic low-grade inflammation, cardiovascular disease, and also metabolic disor-
ders contribute to the negative impact of COPD. Systemic low-grade 
inflammation is thought to be homogenous and present in every COPD patient. 
Recent evidence suggests, however that it is rather heterogeneous. Consistently 
the theory of a ‘spill over’ from local inflammation into the systemic circulation has 
not yet been confirmed. Other possible origins like adipose tissue have been 
proposed as the source of systemic low-grade inflammation in COPD. The adi-
pose tissue is known to secrete various cytokines for example circulating leptin 
and adiponectin which are involved in the cascade of systemic inflammation in 
other chronic diseases. In order to better define systemic low-grade inflammation 
in COPD, possible host-related factors such as BMI, age, or physical inactivity 
have to be identified as they are thought to be clinically relevant. Finally, an incre-
ased abdominal fat mass is the corner stone defining the metabolic syndrome but 
today only little is known about the metabolic syndrome in COPD. To summari-
ze, the aims of the present thesis were to investigate the heterogeneity of syste-
mic low-grade inflammation in COPD, to elucidate the adipose tissue and its cy-
tokines as a potential source of systemic low-grade inflammation and to find 
possible determining factors of systemic low-grade inflammation in COPD. In 
addition, this thesis aims to investigate the prevalence and possible functional 
consequences of the metabolic syndrome in COPD.

chapter 2 shows that COPD patients with an overweight and obese BMI  
(≥ 25kg/m2) are more likely to have highly elevated CRP levels (< 5mg/dL) com-
pared to normal weight COPD patients. In addition results showed a clear reduc-
tion in the likelihood of having highly elevated CRP levels in COPD patients with 
a low BMI (< 21kg/m2) compared to normal weight peers (21.0 - 24.9kg/m2). 
These results might be explained by the fact that adipose tissue itself might be the 
source of CRP as well as an increased amount of adipose tissue induces increased 
levels of pro-inflammatory mediators which in turn may stimulate production of 
CRP in the liver and therefore contribute to systemic low-grade inflammation in 
COPD.

In chapter 3 a total body dual-energy-x-ray-absorptiometry (DXA-scan) was 
performed on 295 stable COPD patients to obtain abdominal fat mass which was 
positively correlated with CRP. Even when patients with normal CRP levels were 
chosen, the direct relationship between CRP and abdominal fat mass remained. 
These results emphasise a possible contributing role of the abdominal fat mass to 
the state of systemic low-grade inflammation in COPD.
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Consensus is growing that the inflammatory process underling COPD is probab-
ly mediated by a multitude of cytokines. The objective of chapter 4 was to inves-
tigate a possible interrelationship between the acute phase markers CRP and fib-
rinogen and the markers of the TNF system. Results showed a significant but 
weak relationship between the markers of the two systems, illustrating the com-
plex role of systemic low-grade inflammation in the pathogenesis of COPD. With 
regard to possible host-related factors determining systemic low-grade inflamma-
tion in COPD, chapter 4 showed age being an independent determinant for the 
soluble TNF receptor R1 and fibrinogen in a multivariate regression model.
The results of the previous chapters led to the main discussion topic of chapter 5, 
comparing plasma levels of adipokines like leptin and adiponectin with systemic 
inflammatory biomarkers such as CRP, IL-6, TNF in COPD and healthy subjects. 
Results showed higher circulating leptin levels in female COPD patients compa-
red to male peers as well as positive correlation between CRP and leptin in 
COPD women. 

chapter 6 investigated 185 COPD and 115 healthy subjects from the ECLIPSE 
(Evaluation of COPD Longitudinally to Identify Predictive Surrogate End Points) 
cohort. The aim was to investigate the adipokine metabolism in relation to syste-
mic inflammatory biomarkers such as CRP, IL-6 and fibrinogen and to evaluate 
possible gender related differences in adipokine metabolism in COPD and 
healthy subjects. Higher circulating leptin levels in female COPD patients and 
healthy peers compared to male COPD and healthy peers were found. Further-
more in female COPD patients’ leptin was positively correlated with CRP and fi-
brinogen, while in COPD men leptin did not correlate with the systemic inflamm-
atory biomarkers. In the multivariate regression analysis CRP was independently 
associated with circulating leptin. In addition increased adiponectin levels, an in-
verse relationship between adiponectin and BMI, as well as an inverse relation-
ship between adiponectin and CRP were found in COPD compared to BMI mat-
ched healthy subjects. Taken together a gender-dependent dysregulated 
adipokine metabolism in relation to systemic inflammatory biomarkers in COPD 
compared to BMI matched healthy subjects seems to be evident.

The effects of pulmonary rehabilitation on daily physical activity levels in COPD 
have only been barely touched upon in non-randomised and/ or non-controlled 
trials with no or modest effects. chapter 7 investigated whether physical training 
modalities copying everyday-life activities may translate better into patients’ phy-
sical activity pattern. It was concluded that a three-month supervised Nordic Wal-
king training program is a safe training method and increases the daily physical 
activity levels in clinically stable outpatients with COPD. In addition, Nordic Wal-
king has a long-term effect on patients’ daily physical activity pattern and a reduc-
tion in patients’ daily symptoms.
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chapter 8 compares the daily physical activity pattern of patients with COPD 
from Brazil and Austria. Interestingly Austrian COPD patients’ fail to reach the 
minimum amount of daily physical activity as recommended by the American 
College of Sports Medicine compared to COPD patients from Brazil. This result 
indicate that pulmonary rehabilitation programs in Central Europe, even more 
than in South America, should prioritize the goal of enhancing daily physical acti-
vity levels.

chapter 9 focuses on the prevalence and a possible impact of the metabolic syn-
drome on patient related outcome parameters such as functional exercise capa-
city and disease-specific health status. The metabolic syndrome is more prevalent 
in patients with COPD compared to healthy subjects (57 % vs. 40 %, respectively).  
Interestingly after stratification for BMI, overweight and obese COPD patients 
had a higher prevalence of metabolic syndrome compared to healthy peers, while 
this was not seen in normal weight patients and healthy subjects. In addition 
COPD patients diagnosed with metabolic syndrome are not additionally affected 
in their functional exercise capacity or in their disease-specific health status. Ha-
ving the metabolic syndrome increases the co-morbid index suggesting that the 
metabolic syndrome has to be identified and treated appropriately in every 
COPD patient.

In conclusion this thesis has contributed insight into the heterogeneity of systemic 
low grade inflammation as a weak association between two important systemic 
inflammatory systems; the acute phase proteins and the markers of the TNF 
have been found. In addition, an overweight or obese BMI contributes to the 
state of low-grade systemic inflammation present in COPD as well as abdominal 
fat mass being one of the sources of systemic low-grade inflammation in COPD. 
Abdominal fat also produces and secrets various pro-, and anti-inflammatory me-
diators. Increased levels of circulating leptin and a positive association of circula-
ting leptin with CRP and fibrinogen are present in female COPD patients. Increa-
sed anti-inflammatory adiponectin levels in COPD patients compared to healthy 
subjects as well as an inverse relationship between adiponectin and BMI, and 
between adiponectin and CRP have been found. In addition to BMI and circula-
ting leptin, age is a host-related factor determining systemic low-grade inflamma-
tion in COPD. A three-month supervised Nordic Walking program increases the 
daily physical activity levels in clinically stable outpatients with COPD and has a 
long-term effect on patients’ daily physical activity pattern and a reduction in pati-
ents’ daily symptoms. Lastly, in COPD the prevalence of the metabolic syndrome 
is higher compared to healthy subjects, particularly in the overweight and obese 
patients. The presence of the metabolic syndrome has no independent impact on 
patients’ functional exercise capacity and disease-specific health status, while the 
presence of the metabolic syndrome contributed to patients’ co-morbidity status.
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Zusammenfassung

Die chronisch obstruktive Lungenerkrankung (COPD) ist eine progredient ver-
laufende, jedoch verhinderbare und behandelbare Erkrankung, die durch eine 
lokale, abnorme Entzündungsreaktion (Inflammation) auf inhalative Noxen ge-
kennzeichnet ist. Zusätzlich finden sich auch extra-pulmonale, sogenannte sys-
temische Konsequenzen der COPD wie kardiovaskuläre und metabolische Er-
krankungen oder aber auch eine systemische Inflammation. Anfangs wurde die 
‚spill over‘ Theorie, ein Übertreten der lokalen Inflammation in den systemischen 
Kreislauf und damit eine homogene Inflammation bei jedem COPD Patienten 
vermutet. Jene Theorie wurde bis heute nicht bewiesen. Viel mehr zeigte sich, 
dass die systemische Inflammation heterogen ist. Als Quelle der systemischen 
Inflammation kommt zum Beispiel das Fettgewebe, im speziellen das abdomi-
nale Fettgewebe in Frage, da jenes nachweislich verschiedene Adipozytokine, 
beispielsweise Leptin und Adiponectin freisetzen kann. Um die systemische In-
flammation besser definieren zu können müssen Faktoren, die einen potentiell 
klinisch relevanten Einfluss haben könnten identifiziert werden. Zu diesen Fak-
toren zählen der Body Mass Index (BMI), das Alter oder aber auch Alltagsak-
tivitäten, die ein Patient pro Tag durchführt. Schließlich ist noch zu erwähnen, 
dass die Menge an abdominalem Fettgewebe ein Eckpfeiler für die Diagnose des 
metabolischen Syndroms darstellt. Dieses Syndrom ist bei Patienten mit COPD 
kaum erforscht. Zusammenfassend beschreibt diese Doktorarbeit die Heteroge-
nität der systemischen Inflammation bei Patienten mit COPD, erläutert die Rolle 
des abdominalen Fettgewebes als Quelle verschiedener Zytokine und damit ei-
ner systemischen Inflammation und identifiziert verschiedene Faktoren, die die 
systemische Inflammation beeinflussen. Zusätzlich widmet sich diese Arbeit der 
Häufigkeit und den funktionellen Konsequenzen des metabolischen Syndroms 
bei Patienten mit COPD im Vergleich zu gesunden Personen.

Kapitel 2 zeigt, dass übergewichtige und adipöse COPD Patienten (BMI > 25kg/m2) 
im Vergleich zu normalgewichtigen COPD Patienten (BMI 21-24.9 kg/m2), eine 
deutlich höhere Wahrscheinlichkeit aufweisen erhöhte CRP Werte (> 5mg/dl)  
zu haben. Zusätzlich weisen untergewichtige COPD Patienten (BMI < 21kg/m2), 
ebenso im Vergleich zu normalgewichtigen, eine deutlich erniedrigte Wahr-
scheinlichkeit auf. Dies könnte durch eine erhöhte abdominale Fettmasse erklärt 
werden: ein Mehr an abdominalem Fettgewebe induziert die Freisetzung von 
pro-inflammatorische Zytokinen, die wiederum die Leber stimulieren zusätzli-
ches Inflammatiosnmediatoren, wie zum Beispiel CRP zu produzieren.

In Kapitel 3 wurde bei 295 COPD Patienten ein DXA-Scan durchgeführt und 
somit die abdominale Fettmasse gemessen, welche in weiterer Folge mit den 
vorhandenen CRP Werten korrelierte. Sogar bei COPD Pateinten mit normalen 
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CRP Werten konnte ein direkter Zusammenhang mit der abdominalen Fettmas-
se gezeigt werden. Diese Daten unterstreichen die Rolle des abdominalen Fett-
gewebes im Zusammenhang mit der systemischen Inflammation.

Kapitel 4 untersuchte einen möglichen Zusammenhang zwischen zwei verschie-
denen Inflammationssystemen: den Akute Phase Proteinen, CRP und Fibrinogen 
sowie dem TNF System. Es konnte ein signifikanter aber nur schwacher Zu-
sammenhang dargestellt werden. Dies spiegelt die Komplexität der systemischen 
Inflammation in der Pathogenese der COPD wider. Zusätzlich konnte in Kapitel 
4 gezeigt werden, dass das Alter einer der Faktoren ist, der die systemische In-
flammation, im speziellen den TNFRezeptor 1 sowie Fibrinogen in einem multi-
variaten Regressionsmodell definiert.

Im Kapitel 5 wird der Zusammenhang von systemischen Inflammationsparame-
tern wie zum Beispiel CRP, Interleukin 6 oder TNF und den Adipozytokinen, 
Leptin und Adiponectin untersucht. Die Ergebnisse zeigen, dass weibliche COPD 
Patienten im Vergleich zu männlichen, höhere Leptin Werte aufweisen und diese 
mit den CRP Werten in Zusammenhang stehen.

Kapitel 6 untersuchte 185 COPD Patienten und 115 gesunde Personen aus der 
ECLIPSE Kohorte (Evaluation of COPD Longitudinally to Identify Predictive Sur-
rogate End Points). Vorwiegend wurden (geschlechtsspezifische) Unterschiede 
zwischen diversen systemischen Inflammationsparametern und Adipozytokinen 
untersucht. Es zeigten sich höhere Leptin Werte sowohl bei weiblichen COPD 
Patienten als auch bei Gesunden. Im Gegensatz zu Männern korrelierte bei weib-
lichen COPD Patienten Leptin mit den systemischen Inflammationsparametern 
CRP und Fibrinogen. In einer multivariaten Regressionsanalyse  zeigte sich ein un-
abhängiger Zusammenhang zwischen CRP und Leptin. Im Bezug auf Adiponectin 
zeigte sich eine Umkehrrelation mit CRP und BMI nur in COPD Patienten. Somit 
kann man von einem geschlechtsabhängigen Verhältnis zwischen den Adipozyto-
kinen und den systemischen Inflammationsparametern bei Patienten mit COPD 
im Vergleich zu gesunden Personen ausgehen.

Mittels pulmonaler Rehabilitation wurde bereits mehrfach versucht den Lebens-
stil von Patienten mit COPD zu verbessern. Leider konnte bis jetzt eine Steige-
rung der alltäglichen Bewegungen wie zum Beispiel Gehen jedoch nicht erreicht 
werden. In Kapitel 7 wurde gezeigt, dass man mittels einer Bewegung, die ins 
alltägliche Leben leicht übernommen werden kann, dem Nordic Walking, die All-
tagsaktivitäten von Patienten mit COPD kurz, aber auch langfristig steigern kann. 
Zusätzlich konnten Symptome der Atemnot oder aber auch Symptome einer 
Depression reduziert werden.
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In Kapitel 8 wurden die Alltagsaktivitäten von COPD Patienten zweier Kontinente, 
Südamerika und Europa verglichen. Interessanterweise zeigten österreichische 
COPD Patienten, dass sie in ihrem Alltagsleben weniger aktiv sind als COPD  
Patienten aus Brasilien.

Die Häufigkeit und funktionelle Auswirkungen des metabolischen Syndroms auf 
Patienten mit COPD im Vergleich zu gesunden Personen wurden in Kapitel 9 
untersucht. Es zeigte sich, dass mehr COPD Patienten im Vergleich zu gesunden 
Personen an einem metabolischen Syndrom leiden. Interessanterweise, wenn 
man die Kohorte nach ihrem BMI aufteilt, litten mehr übergewichtige COPD Pa-
tienten an einem metabolischen Syndrom als übergewichtige gesunde Personen. 
Diese Ergebnisse fanden sich bei normalgewichtigen nicht. Im Bezug auf Leis-
tungsfähigkeit und Gesundheitsstatus blieben Patienten mit COPD und metabo-
lischem Syndrom von diesem unbeeinflusst, während der Komorbiditäten  Index 
stieg. Daher sollten alle COPD Patienten hinsichtlich des Vorkommens eines me-
tabolischen Syndroms untersucht werden und wenn notwendig auch konsequent 
therapiert werden. 

Zusammenfassend trug diese Doktorarbeit zum Wissen um die Heterogeni-
tät der systemischen Inflammation bei Patienten mit COPD bei, da sich nur ein 
schwacher Zusammenhang zwischen verschiedenen Inflammationssystemen ge-
zeigt hat. Ein übergewichtiger oder adipöser BMI sowie die abdominale Fett-
masse konnten als Quelle der systemischen Inflammation identifiziert werden. 
Erhöhte Leptin Werte sowie ein positiver Zusammenhang zwischen Leptin und 
CRP und Fibrinogen zeigte sich bei weiblichen COPD Patienten. Erhöhte Adi-
ponectin Werte wurden ebenso gemessen sowie eine Umkehrrelation zwischen 
Adiponectin und BMI und CRP. Zusätzlich konnten der BMI, Leptin und das Alter 
als Faktoren identifiziert werden, die die systemische Inflammation definieren. 
Drei Monate eines Nordic Walking Trainings erhöhen die Alltagsaktivitäten und 
können kurz- aber auch langfristig das Bewegungsmuster sowie Symptome der 
Atemnot oder Depression positiv beeinflussen. Abschließend ist die Häufigkeit 
des metabolischen Syndroms höher bei Patienten mit COPD im Vergleich zu 
Gesunden, vor allem bei übergewichtigen, wenngleich das Vorhandensein des 
metabolischen Syndroms keinen zusätzlichen negativen Einfluss auf die Leistungs-
fähigkeit und den Gesundheitsstatus von Patienten mit COPD gezeigt hat. Das 
Vorhandensein des metabolischen Syndroms erhöht den Komorbiditäten Index 
von Patienten mit COPD.
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Samenvatting

Chronisch obstructief longlijden (COPD) is wereldwijd een grote oorzaak van 
een verhoogde morbiditeit en mortaliteit. COPD is, onafhankelijk van zijn pulmo-
nale effecten, gezien als een multi-component aandoening en verschillende extra-
pulmonale kenmerken zoals systemische inflammatie, cardiovasculaire ziekten en 
metabole verstoringen dragen bij aan de negatieve impact van de ziekte. Recent 
onderzoek was niet in staat om de ‘spill-over’ theorie van de lokale pulmonale 
inflammatie naar de systemische circulatie te bevestigen en als mogelijke andere 
bron voor systemische inflammatie is het vetweefsel voorgesteld. Het is bekend 
dat het vetweefsel verschillende cytokines uitscheidt zoals leptine en adiponec-
tine, die in andere chronische ziekten beide betrokken zijn in de cascade van 
systemische inflammatie. Om de systemische inflammatie in COPD beter in kaart 
te brengen zijn verschillende gerelateerde factoren zoals leeftijd, BMI en fysie-
ke inactiviteit geïdentificeerd. Een verhoogd abdominaal vetmassa, gemeten met 
middelomtrek, is  een primaire factor voor het bepalen van het metabool syn-
droom. Er is echter nog maar weinig bekend over de effecten van het metabool 
syndroom in COPD patiënten. Samengevat, het doel van deze thesis was om de 
heterogeniteit van de systemische inflammatie in COPD verder te onderzoeken, 
om de rol van adipokines (vetweefsel geïnduceerde cytokines) in de systemische 
inflammatie in kaart te brengen en om mogelijke bepalende factoren voor de 
systemische inflammatie te definiëren. Ten laatste is de prevalentie en mogelijke 
functionele en klinische consequenties van het metabool syndroom in COPD 
onderzocht. 

Hoofdstuk 2 laat zien dat COPD patiënten met overgewicht of obesitas  
(BMI ≥ 25 kg/m2) een verhoogde kans hebben op een verhoogd circulerend 
CRP concentratie in vergelijking met patiënten met een normaal gewicht. Tevens 
vonden we een duidelijk verlaagde kans op een verhoogd CRP concentratie in de 
patiënten met ondergewicht (BMI < 21 kg/m2) in vergelijking met patiënten met 
normaal gewicht. Deze resultaten zouden mogelijks verklaard kunnen worden 
voor het feit dat een verhoogde hoeveelheid vetweefsel een verhoogde concen-
tratie adipokines veroorzaakt die de productie van CRP uit de lever stimuleren 
en zo bijdragen in de systemische inflammatie in COPD.

In hoofdstuk 3 wordt een onderzoek beschreven waarin een DEXA scan was 
gemaakt van het hele lichaam in 295 COPD patiënten om de hoeveelheid ab-
dominaal vet te meten. Dit abdominaal vet was positief gecorreleerd met de 
hoeveelheid CRP in het plasma. Zelfs als patiënten met normale (lage) CRP con-
centratie waren geselecteerd, was er een directe relatie tussen CRP en abdo-
minaal vetmassa. Deze resultaten benadrukken dat het abdominaal vetweefsel 
mogelijks een bijdragende rol speelt in de systemische inflammatie bij patiënten 
met COPD. 
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Er is groeiende consensus dat de inflammatoire processen bij COPD gemedieerd 
worden door een veelheid van cytokines. Daarom was het doel van hoofdstuk 4 
om mogelijke relaties te onderzoeken tussen de acuut fase eiwitten CRP en fib-
rinogeen en markers van het TNF systeem. De resultaten lieten een significante 
maar zwakke relatie zien tussen de markers van beide systemen. Deze relatie 
toont dat de systemische inflammatie bij COPD een complex mechanisme is. 
Met betrekking tot mogelijke gerelateerde factoren die systemische inflammatie 
kunnen bepalen, laat hoofdstuk 4 zien dat leeftijd een onafhankelijke determinant 
is voor de oplosbare TNF receptor R1 en fibrinogeen bij COPD.

De resultaten van voorafgaande hoofdstukken hebben geleid tot hoofdstuk 5, 
waar plasma concentraties van adipokines zoals leptine en adiponectine met sys-
temische infammatoire markers zoals CRP, interleukine 6 (IL-6) en TNF wer-
den vergeleken in patiënten met COPD en gezonde controles. De resultaten 
toonden hogere leptine concentraties in vrouwelijke COPD patiënten in vergeli-
jking met mannelijke patiënten en een positieve correlatie tussen CRP en leptine, 
enkel in vrouwelijke patiënten.

In hoofdstuk 6 worden de bevindingen van een secundaire analyse van de EC-
LIPSE (evaluation of cOPD longitudinally to Identify Predictive surrogate end 
Points) studie gepresenteerd. Het doel van de studie was om adipokines in re-
latie tot het inflammatoire metabolisme (CRP, IL-6 en fibrinogeen) verder te 
onderzoeken en om mogelijke geslacht gerelateerde verschillen te evalueren 
bij COPD patiënten en gezonde controles met een vergelijkbare BMI. Er werd 
opnieuw een verhoogde leptine concentratie bij vrouwelijke COPD patiënten en 
gezonde vrouwen gevonden in vergelijking met hun mannelijke tegenhangers. 
In vrouwelijke COPD patiënten was leptine positief gecorreleerd met CRP en 
fibrinogeen, terwijl dit niet gevonden werd in mannelijke COPD patiënten. In de 
multivariate analyse was CRP onafhankelijk geassocieerd met circulerend lepti-
ne. Tevens was plasma adiponectine verhoogd in COPD patiënten in vergelijking 
met gezonde controles. Bij COPD patiënten werd een inverse relatie gevonden 
tussen adiponectine en BMI en tussen adiponectine en CRP. Op basis van deze 
bevindingen werd besloten dat er evidentie is voor een geslachtsafhankelijke ver-
storing van het adipokine metabolisme in relatie tot systemische inflammatie bij 
COPD patiënten in vergelijking tot gezonde controles met een vergelijkbare BMI. 
De effecten van longrevalidatie op de mate van dagelijkse fysieke activiteit in 
patiënten met COPD zijn slechts beperkt onderzocht in niet-gerandomiseerde 
en/of niet-gecontroleerde onderzoeken met geen of slechts beperkte effecten. 
Hoofdstuk 7 onderzocht of fysieke trainingsmodaliteiten een betere fysiek ac-
tiviteitspatroon in COPD patiënten te weeg kon brengen.  Een drie maanden 
gesuperviseerd trainingsprogramma met Nordic walking was een veilige trainings-
methode en was in staat om de dagelijkse fysieke activiteit in klinisch stabiele 
COPD patiënten te verhogen. Verder was Nordic walking in staat om de dageli-
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jkse fysieke activiteit van COPD patiënten te verhogen en hun dagelijkse symp-
tomen te verlagen.

In hoofdstuk 8 werd het dagelijkse fysieke activiteit patroon van COPD patiënten 
van Brazilië en Oostenrijk met elkaar vergeleken. Oostenrijkse COPD patiënten 
haalden, in vergelijking met Braziliaanse patiënten, de minimale hoeveelheid fysie-
ke activiteit zoals aanbevolen door het Amerikaanse college van sportgeneeskun-
de niet. Deze data wijzen erop dat longrevalidatie, in Centraal Europa nog meer 
dan in Zuid Amerika, zou moeten focussen op het verhogen van de dagelijkse 
fysieke activiteit.  

Hoofdstuk 9 richtte zich op het voorkomen van het metabool syndroom en op 
de mogelijke impact van het metabool syndroom op patiënt gerelateerde uit-
komst parameters zoals inspanningscapaciteit en ziekte specifieke gezondheids-
status. Het metabool syndroom kwam meer voor bij COPD patiënten dan bij 
gezonde controles (57% vs. 40% respectievelijk). Na stratificatie voor BMI kwam 
het metabool syndroom meer voor bij patiënten met overgewicht of obesitas in 
vergelijking met gezonde mensen met overgewicht of obesitas, maar dit was niet 
het geval bij patiënten met een normaal gewicht of ondergewicht in vergelijking 
met gezonden met vergelijkbare BMI.  Verder had het hebben van het metabool 
syndroom geen additionele effecten op de functionele inspanningscapaciteit of 
op ziekte specifieke gezondheidstoestand. Echter, het metabool syndroom ver-
hoogd de mate van co-morbiditeit, erop wijzend dat het metabool syndroom 
moet gedetecteerd en behandeld worden in elke patiënt. 

Samenvattend heeft deze thesis bijgedragen aan de inzichten in de heterogeniteit 
van systemische inflammatie bij COPD. De bijdrage van een verhoogd BMI en 
het abdominaal vetweefsel aan de systemische inflammatie van COPD patiënten 
is beter in kaart gebracht. Het vetweefsel produceert en scheidt verschillende 
pro- en anti-inflammatoire mediators uit. Een verhoogde concentratie van lepti-
ne en een positieve correlatie met inflammatoire markers zoals CRP en fibrino-
geen is gevonden in vrouwelijke COPD patiënten. Verhoogde concentratie van 
adiponectine en een inverse relatie met BMI en CRP is aangetoond bij COPD 
patiënten in vergelijking met gezonde personen met vergelijkbare BMI. Naast 
BMI en leptine is leeftijd ook een bepalende factor voor systemische inflammatie 
bij COPD. Een 3 maand durend programma dat Nordic walking bevatte was in 
staat om het dagelijkse fysieke activiteit patroon –zowel op korte als op lange 
termijn- bij COPD patiënten te verhogen en hun dagelijkse symptomen te ver-
lagen. Ten laatste, de prevalentie van het metabool syndroom is hoger bij COPD 
patiënten dan bij gezonde ouderen, voornamelijk bij patiënten met overgewicht 
en obesitas. Het metabool syndroom heeft echter geen bijkomende impact op 
de functionele inspanningscapaciteit en ziekte specifieke gezondheidstoestand, 
terwijl het wel bijdraagt tot een verhoogde mate van co-morbiditeit.
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