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Generad introduction

Prevalence and risk factors of chronic obstructive pulmaonary
disease

Chronic obstructive pulmonary disease (COPD) is a chronic, progressive,
irreversible disease of the respiratory system. COPD represents a major problem
for health care as it is one of the most common causes of morbidity and mortality.
In the year 2000, the prevalence of COPD in the Netherlands was estimated at
2.4% for men and 1.4% for women (1). The prevalence of COPD increases with
age, reaching 16% in men over 75 years (1). In addition, as much as 20% of the
general adult population in the Netherlands are reported to have a decreased or
rapid decline in lung function (2). Being the sixth largest cause of death worldwide
in the year 1990, it has been estimated that, due to ageing and smoking, by the
year 2020 COPD will be the third largest cause of death with an expected mortality
of 4.7 million per year (3).

Smoking is the most important cause of COPD. it is estimated that up o
90% of all COPD patients have a smoking history {(1). However, only 15% of
cigarette smokers develop COPD. This suggests that genetic differences may
influence the risk of COPD. Cessation of smoking has been shown to reduce the
rate of decline in lung function but unfortunately the success rate of smoking
cessation programs is very low (4, 5). Other risk factors of COPD are being male,
being Caucasian, ambient air pollution, occupation and low socioeconomic status
(6, 7). A well-known example is the genetic deficiency in the anti-protease wi-
antitrypsin, which predisposes subjects to a very high risk of developing
emphysema (8).

COPD represents a financial burden of 1.3% of the total health care costs
in the Netherlands. It is estimated that, primarily due to an increase in the ageing
population, these costs will rise by 60% by 2010. Smoking cessation programs,
however, are estimated to have a relatively small impact of only 4-14% on reducing
cost (9).
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Defin

itions and staging of COPD

COPD can roughly be divided into two subtypes, often coexisting in one patient:
chronic bronchitis and emphysema. Chronic bronchitis is defined according to
clinical criteria as a cough with recurrent excessive sputum on most days of at least
three months per year for at least two years in patients, with no other causes of
cough (6). Emphysema is characterized by loss of elasticity of the lungs due to
destruction of alveolar tissue distal of the terminal bronchioli, causing a loss of
surface for gas exchange and an increase in dead space (6). The pathogenesis of
both COPD subtypes involves pulmonary inflammation. It is difficult to clinically
distinguish chronic bronchitis from emphysema, as both diseases have the same
symptoms of dyspnea, cough and wheezing. High-resolution computed
tomography (HRCT) gives an image of the presence, extent and severity of
macroscopic emphysema, thereby enabling diagnosis of emphysema in vivo (10).
Dominant symptoms of COPD are shortness of breath, first only during exercise,
but in later stages also at rest (6), and impaired exercise performance (11). In
advanced disease, patients may suffer from hypoxia during daily activities or even
at rest. As the exercise capacity of patients with COPD worsens over the years,
patients often become homebound avoiding dyspnea caused by everyday
activities, leading patients into a vicious cycle of inactivity (6, 11). Although
ventilatory capacity due to lung impairment is an important limiting factor for
exercise capacity, respiratory and skeletal muscle weakness become more
prominent determinants of exercise performance, particularly in advanced COPD
{11).

Staging of severity of COPD is traditionally based on the severity of the airflow
obstruction measured by the forced expiratory volume in one second (FEV).
Recently, the Global Initiative for Chronic Obstructive Lung Disease (GOLD) was
founded as an initiative of the World Health Organization (WHO) in collaboration
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with the US National Heart, Lung and Blood Institute. The goals of GOLD are to
increase awareness of COPD and decrease morbidity and mortality from the
disease. A key component to realize these goals was a clear definition of staging,
which was proposed in 2001 and adapted in 2003 {12, 13):

Stage 0, at risk: chronic cough and sputum production, lung function still normal;
Stage |, mild COPD: mild airflow limitation (FEVy/ FVC < 70% but FEV, 2 80%
predicted) and usually, but not always, chronic cough and sputum production;
Stage I, moderate COPD: worsening airflow limitation (50% =< FEV, s 80%
predicted), and usually the progression of symptoms, with shoriness of breath
typically developing on exertion;

Stage I, severe COPD: Further worsening airflow limitation (30% = FEVy £ 50%
predicted), increased shortness of breath, and repeated exacerbations which have
an impact on patients’ quality of life;

Stage IV, very severe COPD: severe airflow limitation (FEV, < 30% predicted), or
FEV, < 50% predicted plus chronic respiratory failure (12, 13).

In this thesis patients with stage 1I-1V are studied.

It is remarkable that this staging is still based on lung impairment alone, while
COPD is increasingly emerging as a multi-organ systemic disease with decreased
exercise capacity and dyspnea as dominant symptoms (11, 12). In addition, both
exercise capacity and dyspnea are only weakly associated with the severity of the
airflow obstruction (14, 15). Other systemic features that have been implicated in
COPD are cachexia, osteoporosis and altered metabolic and morphological status
of respiratory and peripheral skeletal muscle (11). The notion that COPD is a
systemic disease has been emphasized by the fact that mortality in COPD is not
only predicted by lung function impairment, but also by low body mass index (BMI)
and other systemic impairments, like exercise capacity and dyspnea (16-19). The
impact of these systemic impairments is being increasingly recognized by lung
disease researchers and professionals. This is illustrated by the fact that recently
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the American Thoracic Society (ATS) and the European Respiratory Society (ERS)
proposed a new staging system, which includes FEV,, BMI (using a cutoff of 21
kg/m?) and functional dyspnea (asr assessed by the Medical Research Council
dyspnea scale) (20).

Low body weight and muscle atrophy

Patients with COPD often suffer from weight loss, which may be associated with a
disproportional loss of muscle mass. Prevalence rates of patients who are
underweight range from 20% of stable out-patients to 49% of clinically stable
patients eligible for pulmonary rehabilitation (21-24) and even o over 70% in
patients with acute respiratory failure (25). Body weight consists of fat mass (FM)
and fat-free mass (FFM), the latter reflecting the quantity of actively metabolizing
and contracting tissue, also referred to as lean body mass. FFM-depletion is
commen amongst patients with COPD although it may be masked by normal body
weight (21). However, longitudinal data on the course of weight and FFM loss
during the progression of COPD are not yet available. There is no consensus yet
on how weight loss and body compositional changes are defined, but they are
often referred to as pulmonary cachexia.

Pulmonary cachexia is an important factor to consider from a therapeutic
perspective. Regardless of disease severity, weight loss is related to increased
morbidity in terms of increased risk of acute exacerbation (26), hospital
readmission (27) and need for mechanical ventilation (28) and it is even related to
increased mortality (16, 17). More specifically, loss of lean body mass has been
shown to adversely affect respiratory and peripheral muscle function (29}, exercise
capacity (21, 30) and early onset of lactic acid production during exercise (30). In
addition, low FFM is, independent of body weight, associated with impaired health
status (31, 32) and increased mortality (33). Previous research by our group has
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shown that these negative effects of weight loss and related muscle atrophy on
functional capacity and even mortality can be reversed by dietary interventions in
combination with either physiologic or pharmacologic anabolic stimuli (17) .

Body composition is easily determined using bioelectrical impedance
analysis (BIA). A prerequisite of the use of BIA is that the equations used to
transform the measured resistance into FFM are adapted to the individual and
have been tested for validity in the populations for which they are intended. In
these conditions, BIA measurements are as accurate as other clinical techniques
used to assess body composition (34). BIA has been extensively validated and
evaluated in patients with COPD (35, 36). The equations used in this thesis were
validated against deuterium dilution as the reference method, while other studies
showed good association with dual-energy x-ray absorptiometry (DEXA) (36, 37).
In this thesis, we used a fat-free mass index (FFM/height®: FFMI) cutoff of 16 kg/m?
for men and 15 kg/m? for women, which is based on the linear association between
FFM and body weight in normal to underweight COPD patients as has been
described by Baarends et al. (30). In prior publications of our group, we have
shown that these cutoffs are discriminative for exercise capacity (21) and health
status (31). The cutoff for BMI used was 21 kg/m? as values below this are
associated with increased risk of death (16, 17).

Cachexia, sarcopenia, muscle atrophy and semistarvation are all terms to indicate
changes in body composition. In the available literature there is much confusion on
the definition of the different patterns and contributing factors of tissue depletion.
Awvailable literature usually defines cachexia as being associated with inflammatory
or neoplastic conditions, causing a marked decrease in FFMI (38). Sarcopenia, on
the other hand, is related to ageing and characterized by low FFMI, usually in the
absence of weight loss (39). This pattern is also seen in patients with muscle
atrophy, which is related to inactivity (40), but not necessarily with ageing. The loss
of FM, caused by caloric deprivation, is called semistarvation (41).

15
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The underlying etiological processes of some of the above-mentioned body
compositional changes may comprise of the same mechanistic pathways. The
different patterns of tissue depletion are therefore not mutually exclusive and can
co-exist in one patient.

Energy metabolism

Energy

Energy

Weight loss is a consequence of either decreased energy intake or increased
energy expenditure, or a combination of both, resulting in a negative energy
balance.

intake

Clinically stable patients with COPD have a normal to elevated energy intake as
compared to predicted energy requirements (42, 43). The subgroup of weight-
losing patients, however, has a lower energy intake as compared to the weight-
stable patients, both in absclute terms and when expressed as percentage of
measured resting energy expenditure (REE) (43). Patients who fail to gain weight
after nutritional therapy, the so-called ‘non-responders’, have a lower habitual
energy intake as compared to patients who do respond (44). Others reported that
hypoxemic patients are at increased risk for a decreased dietary intake (43-45).

expenditure
Energy expenditure, and in particular resting energy expenditure (REE}, may be
elevated in clinically stable COPD patients (37, 46, 47). Elevated REE is shown to
be associated with increased systemic inflammation (48).

Few studies have investigated total daily energy expenditure (TDEE) in
patients with COPD (49-52). Hugli et al. (49) found no difference in TDEE in
patients with COPD as measured in a metabolic chamber with limited room for

16
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activities. In addition, Hugli et al. reported lower activity in their patients than in
healthy controls (49). This suggests that patients with COPD compensate their
increased resting energy expenditure, by decreasing their activity patterns,
resulting in equivalent TDEEs in patients and controls. Slinde et al. have studied
underweight COPD patients living at home and found great variation in TDEE and
physical activity level (PAL) (50). Baarends et al. (51) have previously reported a
higher TDEE in patients with COPD compared to healthy subjects, using the
doubly labeled water technique over a two-week period at a rehabilitation center in
free-living conditions. They showed an increased TDEE compared to healthy
controls, with equivalent or decreased activity levels. REE was similar between
groups, suggesting that increased TDEE is due to the non-resting component of
TDEE (51). A subsequent study of Baarends et al. reported no differences in TDEE
between patients with normal or elevated REE. They also reported that REE and
FFM did not significantly contribute to the variation in TDEE, suggesting that the
underlying mechanisms for an increased REE are not involved in increasing TDEE
in COPD (52). While increases in REE reflect increased levels of systemic
inflammation (48), energy balance is reflected by TDEE in copjunction with energy
intake. Because of adaptation in activity levels, differences in relative increased

TDEE are difficult to assess without data on physical activity.

Protein metabolism

Loss of FFM is a more complex process involving imbalances in protein synthesis
and breakdown, which may occur independently from energy balance. Not much is
know about protein balance in COPD. At the whole-body level, weight stable
COPD patients have been shown to have an increased protein synthesis and
breakdown, without a net negative protein balance, indicating an increased protein
turnover (53). Although it is unclear if protein breakdown is altered in muscle tissue
of COPD patients with muscle atrophy, a reduced protein synthesis rate in
underweight patients with emphysema has been reported (54).




Chapter 1

In general, the primary cause of logs of lean body mass is accelerated muscle
proteolysis (55). Recent advances in the elucidation of the mechanisms
responsible for accelerated muscle protein breakdown during muscle atrophy show
a major role for the ubiquitin 26S-proteasome pathway (56). This is a multi-
enzymatic energy-dependent process that degrades structural proteins into
peptides, using the small protein cofactor wbiquitin (55). Several factors that may
be present in COPD, have been shown to enhance the capacity of the ubiquitin
26S-proteasome pathway, leading to muscle wasting. These factors include
acidosis, fasting, inactivity and systemic inflammation (55). No studies are yet
available that have measured markers of the ubiquitin 265-proteasome pathway in
skeletal muscle of patients with COPD.

Systemic Inflammation

COPD is characterized by a chronic inflammatory response throughout the lung.
This local inflammatory reaction is thought to be initiated by the inhalation of
noxious particles and gases such as in cigarette smoke (12). The chronic
inflammatory response is characterized by cellular infiltrates, inflammatory
mediators and reactive oxygen species and the extent of lung inflammation is
shown to be associated with the severity of COPD (57-59).

In addition, COPD is also characterized by a chronic systemic inflammatory
response (reviewed in 60). Several systemic inflammatory mediators, like tumor
necrosis factor-a {TNFa), some interleukins (ILs), acute phase proteins (C-reactive
protein (CRP), fibrinogen, lipopolysaccharide binding protein (LBP)) and
leukocytes, are shown to be increased in COPD (60). The source of increased
concentrations of systemic inflammatory markers has not yet been elucidated. It is
possible that the systemic inflammation is a local-to-systemic spill-over, but no

correlation has been found between sputum and plasma concentrations of
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inflammatory markers (61). Other factors, like smoking (62), hypoxia (63, 64),
exercise {reviewed in 65, 66) and evolutionary programming (67) are also possible
etiological factors {(68).

Systemic inflammation is thought to negatively affect body composition. In
particular TNFa has been associated with weight loss (63, 69, 70). In addition,
patients with impaired body composition, who do not respond to high-caloric
nutritional therapy, have higher levels of soluble TNF receptors (sTNF-Rs) in
peripheral blood than patients who do respond (44). Indeed, in animal models,
several inflammatory cytokines can induce various features of cachexia. Exposure
to lipopolysaccharide (LPS), IL-1 or TNFa induces acute muscle atrophy and
anorexia in rats (71, 72). Chronic treatment of rats with TNFa results in depletion of
body protein, anorexia, weight loss and tissue inflammation (73, 74). Moreover,
high concentrations of TNFa increase amino acid release from mouse diaphragms
(75). In humans, infusion of TNFa into weight stable cancer patients resulted in
increased amino acid release and thus stimulated proteolysis (76, 77). It is
hypothesized that the release of amino acids as a result of these catabolic effects
on the muscle tissue contributes to the synthesis of acute phase proteins by the
liver in inflammatory conditions (11).

Inflammation may cause muscle atrophy through the ubiquitin 26S-
proteasome pathway (56). Nuclear factor-kappa B (NF-kB) is a pivotal regulator of
inflammatory responses, as it mediates the franscription of several (inflammatory)
genes and can be activated by various inflammatory signals, oxidative stress and
tissue hypoxia (78). Recently, activation of NF-kB in skeletal muscle was shown to
result in muscle atrophy through increased muscle protein degradation by the
ubiquitin 26S-proteasome pathway (79). This mechanism may be involved in the
muscle atrophy observed in COPD, as increased NF-xB activity has recently been
shown in muscle biopsies of COPD patients with low body weight (80).

Unfortunately, these patients were not characterized for systemic inflammation.
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This study does, however, provide a first link between experimental findings and
studies in patients (80).

Inflammatory cytokines have also been shown to increase circulating leptin
(81, 82). Leptin is a hormone produced by adipose tissue that regulates energy
homeostasis through a feedback mechanism by signaling the brain about the
amount of fat stored in the body (83). Administration of leptin in animals resulls in a
reduction of food intake (84) and an increase in energy expenditure (85). These
effects seem to be mediated by a leptin-induced decrease of the hypothalamic
biosynthesis and release of neuropeptide Y, a hormone that potently stimulates
appetite and food intake and reduces energy expenditure (86-88). In patients with
emphysema, leptin is positively correlated with the pro-inflammatory sTNF-R55,
independently of FM. Moreover, sTNF-R55 has been shown to be related to both
dietary intake as well as weight loss and REE (89, 90). In addition, TNFa or IL-1a
infusion in cancer patients increases serum leptin concentration (91, 92). This
suggests that the influence of leptin on energy balance might be under the control
of the systemic inflammatory response, while a higher level of systemic
inflammation could cause involuntary weight loss (48).

Although leptin is thus a regulator of food intake and energy expenditure, it
is increasingly emerging as a pleiotropic cytokine. Leptin is involved in a variety of
physiological and pathological functions, influencing hematopoiesis, angiogenesis,
wound healing, reproduction, hypothalamopituitary-adrenal axis, and the immune
and inflammatory responses (reviewed in 93). The receptor for leptin has been
demonstrated to be present throughout the body, including the lung (94), which

may suggest a specific function of leptin in the lung.
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Outline of this thesis

In this thesis, we studied pulmonary cachexia and the potential role of systemic
inflammation in the pathology of cachexia in patients with advanced COPD. In
chapter 2 and chapter 3, we characterize pulmonary cachexia, using body
composition, biochemical and inflammatory markers. As described in chapter 2, we
found that patients, who were defined as cachectic on the basis of low FFMI, also
had low fat mass index (FMI). Patients who were defined as non-cachectic also
had a compromised body composition when compared with healthy age-matched
controls, which was characterized by a lower FFMI and higher FMI. Although
stratification by cachexia did not differentiate for the level of systemic inflammation,
plasma leptin level was disproportionately decreased in patients with cachexia
while pseudouriding, a marker for cellular protein breakdown, was increased
compared to non-cachectic patients. Remarkably, patients with cachexia had a
different distribution of IL1-511 polymorphism, which may indicate a genetic
predisposition to the cachexia process. In chapter 3, we studied the effect of
pulmonary cachexia on survival. We found that low FFMI independently predicts
mortality in patients with advanced COPD, irrespective of FM, as patients with
cachexia and muscle atrophy had comparable survival. This study emphasizes the
importance of body composition assessment as a systemic marker of disease
severity in COPD staging and as a potential target for therapy.

The role of inflammation as a possible trigger of changes in body
composition and metabolism in COPD is studied in chapler 4. Patients with
elevated systemic CRP, as clinical marker of inflammation, were found to have
impaired energy metabolism at rest and during exercise. In addition, patients with
elevated CRP had lower exercise capacity and had more distress due to
respiratory symptoms compared to patients with normal CRP. Using regression
analysis, adjusting for FEV,, age and gender, CRP was also a significant predictor
for BMI and FM.
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