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C/iop/er /

Chronic obstructive pulmonary disease
/Veva/ewce awo" /jea/f/j care caste
Chronic obstructive pulmonary disease (COPD) represents a major problem for health
care, since it is one of commonest causes of death and the only cause of death which is
increasing at this time (1). It represents the fourth cause of death in the Netherlands and
will be the third leading cause of death worldwide in 2020, with an expected mortality of
4.7 million persons each year. In the Netherlands, approximately 73 per 1000 subjects are
diagnosed as having COPD. Persistently decreased lung function or a rapid decline in lung
function, as clinical characteristics of COPD, are observed in approximately 20% of the
general adult population in the Netherlands (2).
COPD is a major burden for health care. In 1993, the COPD-related medical costs,
including costs for physicians, hospital care, nursing and medication, were 1.3% of the
total Dutch health care budget. When assuming constant treatment patterns and care, the
prevalence of COPD in the Netherlands will increase to 31 per 1000 inhabitants in 2010,
relative to 20 per 1000 inhabitants in 1993. Ageing of the population is the main cause of
this predicted increase in prevalence. As a result, the total COPD-related costs will be
increased with 60% in 2010. Future scenarios that include feasible or optimistic smoking
reduction effects, predict a cost reduction to a 56% and a 46% increase respectively. In
the long run, the impact of smoking cessation on medical costs will nevertheless rise (3).

COPD is defined as a disorder indicated by tests of abnormal expiratory airflow, that do
not change markedly over periods of several months (4). The chronic airflow limitation
progresses slowly over time and the disease is, by definition, largely irreversible (5). In
clinical practice, the forced expiratory volume in one second (FEV,), as a measure of
airflow obstruction, is used to separate the different stages of COPD from mild (stage I)
via moderate (stage II) to severe (stage III) (4, 5). Long-term tobacco smoking is currently
a causal factor in more than 90% of the patients in westernized societies (1). Other factors
influencing the prevalence and incidence of COPD are sex, race, ambient air pollution,
occupational factors (4) and socioeconomic status (6). In addition, genetic variations may
predispose to COPD. Subjects who have a genetic deficiency in the anti-protease a,-
antitrypsin have a very high risk of developing emphysema at an early age (7). In the
future, more information will come available on other genetic risk factors for COPD. like
polymorphisms of genes coding for other proteases and antiproteases, immunoglobulines,
vitamins (1), inflammatory cytokines (8) and oxidative and antioxidative mediators (9).
COPD comprises the subtypes emphysema and chronic bronchitis. Chronic bronchitis is
defined as the presence of chronic productive cough for three months in each of two
successive years, while other causes of chronic cough have been excluded. Emphysema
is defined as abnormal permanent enlargement of the airspaces distal to the terminal
bronchioles, accompanied by destruction of their walls and without obvious fibrosis. The
pathology of chronic bronchitis primarily includes large airway mucus gland hyperplasia
and inflammation. Emphysema is related with a decreased diffusing capacity and a
reduced lung parenchymal density on high-resolution computerized tomography (4). In
a substantial part of the patients, the two subtypes of COPD are present together, their
respective attribution varying from patient to patient.



The most important complaint of patients with COPD is dyspnea at exertion and in later
stages also at rest (10). Dyspnea however poorly correlates with routine spirometry
measurements (11). In contrast, lung hyperinflation is a major contributor to the
intersubject variability in the perception of dyspnea or breathlessness for a given
ventilation (12). Lung hyperinflation is defined as an abnormal increase in functional
residual capacity, i.e. lung volume at the end of tidal expiration. Hyperinflation results
from changes in the elastic properties of the lungs and chest wall and is therefore
predominantly present in patients with the emphysematous type of COPD (13). Lung
hyperinflation increases the rib cage contribution to chest wall motion, whilst it reduces
the abdominal contribution. These changes are likely the results of the fact that the
mechanical advantage of the diaphragm is severely reduced (14). The chronic rise in
respiratory load and lung volume due to increasing lung hyperinflation result in new
functional requirements of the diaphragm (15). The diaphragm adapts to the chronically
hyperinflated state of the lung by flattening. This adaptation to chronic foreshortening is
caused by a dropout of sarcomeres in series along the muscle fibers. It in part restores the
force-generating capacity of the muscle, but it reduces the capacity of the muscle to
undergo length changes (14).
Hyperinflation may worsen during exercise; the so-called dynamic hyperinflation is the
result of the onset of inspiration before lung volumes has fallen to the relaxation volume
of the respiratory system (air-trapping). Dynamic hyperinflation increases the mechanical
load on the inspiratory muscles and the oxygen cost of breathing at exertion (13).

Several studies indicate that functional capacity is impaired in patients with COPD. The
FEV,, which has been shown to be an accurate predictor of prognosis, is the most widely
used measure of the severity of COPD. However, the FEV, and measures of oxygenation,
like PaO, and SaO,, are only weakly associated with physical functioning (16). Therefore
other factors must be responsible for the impaired physical functioning in COPD.
In order to examine the factors responsible for the decreased function in COPD, it was
found that peripheral skeletal muscle strength, independently of disease severity, was an
important contributor to both symptom intensity (fatigue and dyspnea) and work capacity
(17). A subsequent study revealed that the intensity of symptoms was significantly
associated with power output at submaximal and maximal exercise in health as well as in
cardiorespiratory disease. Leg fatigue and dyspnea were the predominant subjective
exercise-limiting factors (18). In patients with COPD, subjective physical fatigue, but not
FEV,, was significantly, inversely correlated with peripheral skeletal muscle force (19).

In addition, fat-free mass (FFM), as an indirect measure of muscle mass, is an important
determinant of physical capacity. Depletion of FFM commonly occurs in COPD, its
prevalence amounting up from 20% in clinically stable outpatients (20) up to 35% in
patients eligible for pulmonary rehabilitation (21).
It was a long-held misconception that nutritional depletion was an inevitable and adaptive
mechanism to increased metabolism and that during undemutrition the respiratory muscles
were spared. It is now known that loss of body weight and FFM adversely affects
respiratory as well as peripheral muscle function (20, 22) and exercise capacity (21),



independently of disease severity. Body weight loss was furthermore identified as a
predictor of increasing mortality in patients with COPD, independently of lung function,
arterial blood gases and smoking behavior (23, 24).

Besides overall loss of muscle mass, intrinsic muscle abnormalities are reported in COPD.
Concerning the respiratory muscles, there is evidence that the diaphragm of patients with
severe COPD has undergone adaptations resulting in relative resistance to fatigue. The
physiological alterations were accompanied by increases in fiber type I proportions and
in slow isoforms of myofibrillar proteins (25). In contrast, in the peripheral muscles, a
decrease in the proportion of type I fibers corresponding with a relative increase in type
II fibers was seen, indicating a shift in function from endurance towards more strength
(26, 27). These morphological alterations can be accompanied by disturbances in
peripheral muscle oxidative enzyme capacity. Patients with COPD exhibiting chronic
respiratory failure showed increased activity of the mitochondrial enzyme cytochrome
oxidase in skeletal muscle compared with healthy control subjects (28). In addition,
elevated concentrations of inosine monophosphate, which is thought to reflect an
imbalance between resynthesis and utilization of adenosine triphosphate, were found in
the peripheral muscle tissue of stable patients with COPD (29).
Furthermore, the COPD population comprises merely elderly subjects. Aging per se is
already accompanied by a decline in the size of muscle fibers and thereby in muscle
function, which is an important determinant of physical performance (30). Furthermore,
many patients with COPD reduce their level of exercise dramatically in response to
exertional dyspnea. The resulting sedentary lifestyle leads to muscle deconditioning and
ultimately to inactivity and disability (31).

Health status is reported to be impaired in patients with COPD. Health status is defined
as to signify the gap, specifically due to the disease, between that which is desired and
that which is achievable. Impairment in health status in COPD is related with factors like
distress because of respiratory symptoms, disturbance of physical activity and the impact
of the disease on daily life and well-being (32).
Health status was found to be only weakly associated with disease severity on base of the
FEV, (16). In elderly patients with COPD, activities of daily living and emotional status
were predictors of health status but not the severity of the disease (33). Another study also
revealed that when patients were classified according to the disease stage on base of the
FEV,, no or a weak association was found with health status. In contrast, when patients
were classified according to the level of dyspnea, a significant, inverse association with
health status was revealed (34).
Furthermore, a reduced health status in COPD is associated with nutritional depletion.
Patients suffering from lean mass depletion exhibited significantly greater impairment in
symptom, activity, impact and overall SGRQ scores. The effects of tissue depletion on
health status appeared however to be mediated through increased levels of dyspnea (35).
In contrast, Mostert et al. revealed that the relation between tissue depletion and health
status was independently of dyspnea, but instead mediated by a decreased exercise
performance (36).



In addition, depression, anxiety and emotional dysfunction play a prominent role in
COPD. It is suggested that the degree of psychosocial limitation may not be as strongly
influenced by disease severity once some threshold of COPD is reached. Measures of
exercise tolerance as well as dyspnea correlate better with psychosocial limitation than
FEV, or oxygenation measures (16). A recent study revealed that depression scores, as
well as exercise performance and health status, were not correlated with FEV,, but instead
with dyspnea (37).

/ays a/«/ /nusc/e was//>jg
Energy balance
Disturbances in the energy balance are the result of an imbalance between energy
expenditure and dietary intake. An energy imbalance is reported in patients with stable
COPD (38) and to a worse extent in patients suffering from an acute disease exacerbation
(39).
In general, the dietary intake of patients with COPD does not differ from the
recommended daily allowances (40). Weight-losing patients exhibited however a lower
dietary intake compared with weight-stable patients (38). During an acute exacerbation
of COPD, a substantial decrease in appetite and dietary intake was reported, associated
with increased subjective sensations of dyspnea and fatigue (39).
Limited data are however available on the underlying disturbances in the (dys-) regulation
of appetite and dietary intake relative to energy expenditure. Previous experimental and
clinical research indicate the involvement of leptin in energy balance and body weight
homeostasis. Leptin is a hormone produced by the adipose tissue and its circulating
concentrations are proportional to the amount of fat mass (FM). It regulates the energy
balance in a feedback mechanism in which the hypothalamus is involved (41). In animals,
administration of leptin results in a reduction in food intake (42) as well as in an increase
in energy expenditure (43). It is unknown if possible disturbances in the normal feedback
mechanism of leptin are responsible for the decreased dietary intake reported in COPD.
At the other end of the energy balance, an elevated resting energy expenditure (REE) is
often seen in patients with COPD (44). The increase in REE was however found to be
unrelated to the increased total daily energy expenditure (45, 46). Furthermore, in contrast
to the earlier opinion, hypermetabolism at rest is not the result of an increased oxygen cost
of breathing (12). In a recent study, plasma TNFct concentrations were positively
correlated with REE in patients with COPD, suggesting a causal relationship between the
systemic inflammatory response and hypermetabolism at rest (47). Some bronchodilators,
like the Bo-sympathicomimetic drug salbutamol, have thermogenic properties. Reports in
younger healthy subjects and in patients with COPD found dose-dependent increases in
REE after administration of a single dose of salbutamol (48, 49). The effects of
salbutamol on REE in patients with COPD in comparison with younger and elderly
healthy subjects are however unknown. Furthermore, the prevalence of an elevated REE
in relation with body composition and lung function is still to be investigated.

Protein balance
Besides an overall energy imbalance, there are also indications for disturbances in the
protein balance in a subgroup of patients with COPD. Since selective wasting of FFM



despite relative preservation of FM is reported (50), a disturbed protein balance can also
be present without accompaniment of overall body weight loss. At first, the daily protein
intake is reported to be decreased compared to the recommended allowances, especially
during the first days of an acute exacerbation of COPD (39). Secondly, as one mechanism
of muscle wasting, a decreased protein synthesis was seen in underweight patients with
emphysema (51).
An enhanced systemic inflammatory response is described as one of the possible causes
of a selectively disturbed protein balance. In patients with an elevated REE and an
increased C-reactive protein, FFM was decreased together with elevated concentrations
of the inflammatory mediators LPS-binding protein (LBP), interleukin-8 and soluble TNF-
receptors 55 and 75 compared with those with normal CRP concentrations (52). In
addition, an inverse correlation coefficient between elevated plasma LBP concentrations
and the of total sum of plasma amino acids was reported (53).
Furthermore, decreased levels of anabolic hormones might aggravate the failure of
generating an anabolic response needed for muscle anabolism. Indeed low levels of
testosterone are reported in COPD, which were even more pronounced in patients on oral
glucocorticosteroid (GC) therapy (54). Long-term, low-dose systemic glucocorticosteroids
are prescribed as maintenance antiinflammatory medication in a substantial number of
patients. Chronic use of oral glucocorticosteroids further contributes to weakness of both
the respiratory and peripheral muscles in patients with COPD (55).

Therapy
Because of the deleterious effects of body weight loss and muscle wasting on morbidity
and mortality in COPD, it is important to take the implementation of appropriate therapies
under investigation. Several attempts have been made to reverse weight loss and muscle
wasting by instituting oral nutritional repletion therapy (56-60). The outcome of these
interventions were however not unambiguously positive. The fact that the designs of the
different studies varied substantially, could be (one of the) explanations for these
nonuniform results. It is very important to optimize the study design in order to exclude
failure of the intervention as a factor responsible for nonresponse to nutritional
supplementation therapy.
It can be deduced from the above described evidence on protein balance disturbances in
COPD, that nutritional supplementation must consist of enough dietary protein, as well
as of a sufficient amount of calories given for a reasonable time span. Furthermore, the
intervention has to be combined with an anabolic stimulus, like exercise training, to
enhance improvements in muscle mass and physical function. In other words, the
intervention design has to be optimized before improvements in clinical outcome can be
achieved. Then it can be studied if patients with COPD are indeed able to generate an
anabolic response after nutritional supplementation therapy comparable with healthy,
elderly subjects. In addition, the effects on physical performance and health status are to
be precisely defined, since the available nutritional interventions have mainly focused on
body composition and respiratory muscle function only.

It is described that a substantial number of patients fails to respond to nutritional
supplementation therapy in terms of body weight gain. The clinical relevance of



nonresponse to nutritional therapy was emphasized by a recent survival analysis that
revealed weight gain as a significant, independent predictor of survival in patients with
COPD (23). The underlying causes of nonresponse to nutritional therapy are unknown.
Nonresponse may be due to factors such as noncompliance to the therapy, an inadequate
energy intake relative to energy requirements or the inability of the patient to ingest the
extra calories. It is unknown to what extent nonresponse can be explained by underlying
disease-specific problems leading to an inadequate metabolic handling. Furthermore,
maintenance treatment with oral glucocorticosteroids is suggested as one of the possible
explanations for the problem why patients with COPD are not able to generate an anabolic
response on nutritional therapy.

Anabolic stimuli such as anabolic steroids might be an additional mode of intervention for
the treatment of muscle wasting in COPD. Only few controlled studies on anabolic steroid
supplementation are performed in COPD. Previously we investigated the effects of
nandrolone decanoate combined with nutritional supplementation versus nutrition alone
or placebo, as integrated part of an eight-weeks pulmonary rehabilitation program. In the
depleted patients, both treatment regimens resulted in improvements in body weight, FFM
and maximal inspiratory mouth pressure (Pl-max). However, only in the group treated
with nandrolone decanoate, the rises in FFM and Pl-max differed significantly from the
control group. (60). Besides this short-term study, others have evaluated the effects of oral
stanozolol treatment during six months in male depleted patients with COPD with a low
Pl-max. The treatment was combined with inspiratory muscle training and cycling. Body
weight, lean body mass as well as arm muscle and thigh circumference increased.
However, the changes in Pl-max, the six minutes walking distance and maximal exercise
capacity were not different from the control group (61).
These previous studies with anabolic steroids have predominantly evaluated their efficacy
in the treatment of weight loss. However, imposement of anabolic stimuli might be
indicated for the improvement of muscle mass in COPD, irrespectively of weight loss.
Furthermore, the effects on physical performance and health status are to be defined.

Aims of the thesis
The aims of the thesis were:
1. To investigate the prevalence of and the contributing factors to an increased REE

in patients with COPD.
2. To investigate the role of leptin in the energy (im-)balance in patients with stable

COPD and during acute disease exacerbations.
3. To investigate the efficacy of nutritional supplementation and anabolic steroid

therapy implemented in a pulmonary rehabilitation program in patients with
COPD. In addition, determinants of nonresponse to anabolic management are
studied.

Outline of the thesis
In chapter 2, the prevalence of an elevated REE in patients with COPD in relation with
body compositional and lung functional characteristics is studied. As one of the possible
contributors of hypermetabolism at rest, in chapter 3 the acute effects of a single dose of



nebulized saibutamol on REE is investigated in patients with COPD compared with a
group of younger and elderly healthy subjects.
In chapter 4, the role of leptm in the energy balance of patients with stable COPD is
studied, as well as the possible regulators of systemic leptin concentrations. In chapter 5,
the role of leptin in the energy balance of patients with COPD during hospitalizarion for
an acute disease exacerbation of COPD is investigated, as well as the possible regulators
of systemic leptin concentrations.
In chapter 6, the efficacy of nutritional supplementation therapy implemented in a
pulmonary rehabilitation program with respect to body composition, physical functioning
and health status in depleted patients with COPD is evaluated. The potential causes of
nonresponse to nutritional supplementation therapy in depleted patients with COPD are
analyzed in chapter 7. Chapter 8 reviews the available information on the effects of
anabolic steroids in acute and chronic disease, together with their supposed mechanisms
of action. The efficacy of anabolic steroids in the rehabilitation of patients with COPD is
studied in chapter 9
Chapter 10 comprises the general discussion of the thesis and gives implications for future
investigations.
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Abstract
06/ecfive This study describes the prevalence and characteristics of an elevated resting
energy expenditure (REE) in patients with chronic obstructive pulmonary disease
(COPD).
Des;#n <£ Setting Patients were measured consecutively admitted to an in-patient
pulmonary rehabilitation centre. i ---
S«tyec/.v The study group consisted of 172 clinically stable patients with COPD (123cf,
age mean f.VD) 64 (10) years).
//7/erveM/ons REE was assessed by indirect calorimetry (ventilated hood) and adjusted
for the influence of fat-free mass (FFM; measured by bioelectrical impedance analysis)
using the linear regression equations of REE on FFM generated in 92 healthy age-
matched subjects (58a", age 67 (8) years) for men and women separately. The
predicted REE adjusted for FFM (REEFFM) was obtained by using the FFM of each
individual patient in the linear regression equation of REE on FFM generated in the
healthy control group.
fle.v«//.v 26% of the patients were hypermetabolic (REE>110% REEFFM),
characterized by a lower age (60 (10) vs 65 (9) years) and a lower total lung capacity
(TLC; 122 (27) vs 139 (28) %pred) compared to normometabolic patients (pO.001).
The prevalence of FFM-depletion was equal among normo- and hypermetabolic
patients: 36% vs 33% respectively. Depleted patients expressed however a
significantly higher residual volume/TLC ratio and a lower maximal inspiratory mouth
pressure independently of hypermetabolism (p<0.05). In contrast, on base of the
Harris&Benedict (HB) prediction equations, which do not take body composition into
account, 54% of the patients were hypermetabolic (REE>110%REEHB), characterized
by a higher age and a lower body mass and FFM (p<0.05).
Cortc/i/.wora Hypermetabolism commonly occurs in COPD. characterized by less
hyperinflation at rest, in contrast to the suggested contribution of an elevated oxygen
cost of breathing (OCB) to hypermetabolism in COPD. The higher hyperinflation at
rest in FFM-depleted patients independently of hypermetabolism suggest a higher
OCB during activities, contributing to the elevated total daily energy expenditure
previously reported in COPD. The HB-equations overestimate the prevalence of
hypermetabolism and link hypermetabolism incorrectly to aging and depletion.

Introduction
Weight loss is a common problem in patients with chronic obstructive pulmonary
disease (COPD) (1), compromising fat mass (FM) and fat-free mass (FFM) (2). The
clinical importance of weight loss, particularly loss of FFM, has been demonstrated in
its adverse effects on physical performance and on respiratory muscle function (3).
Furthermore, weight loss and a low body mass are unfavourable prognostic factors for
survival (4).
In general, weight loss is considered as the result of an imbalance between energy
intake and energy expenditure. Metabolic derangements seem to be a major cause of
the disturbed energy balance leading to weight loss. Furthermore metabolic changes
can lead to selective depletion of FFM despite relative preservation of FM in COPD.
Several studies have reported an increased resting energy expenditure (REE) in
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patients with COPD (5-9), but the prevalence and the determining factors of
hypermetabolism are yet unknown.
The aim of the present study was to describe the prevalence of hypermetabolism in 172
clinically stable patients with COPD in relation to body composition and lung
function. On the one hand, hypermetabolism was defined based on the classically used
Harris and Benedict (HB-) equations (10). On the other hand, hypermetabolism was
based on adjustment for FFM in an age-matched healthy control group, since we
hypothesized that the HB-equations may not correctly predict REE in patients with
COPD due to body compositional changes after weight loss. Furthermore, the relative
contribution of hypermetabolism to the prevalence and characteristics of depletion of
FFM in patients with COPD was studied.

M e t h o d s <• ' ••••:••• •- ' •• ' . ^ - : . • . . - . • . • • ; ' • f i i i i - ^ i , , - : . . - : n ' ! j

The patient group consisted of patients with COPD consecutively admitted to an in-
patient pulmonary rehabilitation centre. According to the ATS guidelines (11), patients
exhibiting an increase in forced expiratory volume in one second (FEV,) greater than
10% of baseline after inhalation of a Bj-agonist were excluded from the study. Also
patients with confounding disorders such as cancer, unstable cardiac condition, active
gastrointestinal abnormalities, recent surgery, endocrine disorders like diabetes
mellitus and hyper-/hypothyroidy were excluded from the study. To avoid a possible
confounding effect of acute infectious exacerbations of the disease on REE (12), only
patients in a stable pulmonary condition were studied; none of the patients had clinical
signs of edema, was suffering from a respiratory tract infection as based on a negative
bacteriologic sputum analysis, had fever or showed an increase in symptoms. The final
study group consisted of 172 (123 o") stable patients with moderate to severe COPD.

The control group consisted of 92 (58cf) healthy, age-matched subjects. Volunteers
with disorders which might affect metabolic rate (cancer, unstable cardiac condition,
gastrointestinal diseases, recent surgery, endocrine disorders and diseases of the
respiratory tract) were excluded from the study.

energy
REE was measured by an open circuit indirect calorimetry system using a ventilated
hood (Oxycon Beta*; Mijnhardt, Bunnik. the Netherlands). The system was calibrated
daily at the start of the experiment. The accuracy of the system was regularly assessed
using a methanol combustion test. Measurements were started in the early morning
(8.30 a.m.). Patients and control subjects were in a fasting state for at least 10 hours
and had a period of at least 30 minutes bed rest prior to the measurement during which
subjects were comfortably lying on a bed in supine position. Patients received their
maintenance inhalation medication 2 hours before measurements started. After
stabilization, REE was recorded during a period of 20 min. and calculated from
oxygen consumption and carbon dioxide production using the abbreviated Weir
formula (13).
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Body height was determined to the nearest 0.5 cm (Lameris. WM 715, Breukelen. The
Netherlands) while subjects standing barefoot. Body mass was assessed with a beam
scale to the nearest 0.1 kg (SECA, FRG) while subjects standing barefoot and in light
clothing. In 26 controls FFM was calculated from total body water assessment using
the deuterium dilution technique described in the Maastricht protocol (14). In the other
66 controls as well as in the patient group FFM was measured using single frequency
(50 kHz) bioelectrical impedance analysis (BIA; Xitron technologies, San Diego,
USA). Resistance was measured while subjects in supine position. FFM was assessed
using the equations of Lukaski et al. (15) for the control subjects and the equation of
Schols et al. (16) for the patients with COPD. FM was calculated by subtracting FFM
from body mass. Previously it was established that FFM assessed with BIA was highly
correlated with FFM assessed with the deuterium dilution technique in clinically stable
patients with COPD (16).

FEV, was calculated from the flow-volume curve using spirometry and total lung
capacity (TLC) and residual volume (RV) were measured plethysmographically
(Masterlab®, Jaeger, Wurzburg, Germany). Diffusing capacity for carbon monoxide
(DLCO) was determined using the single breath method (Masterlab®, Jaeger,
Wurzburg, Germany). Lung function parameters were expressed as percentage of
reference value (17). Arterial blood was drawn by puncture of the brachial artery while
patients were at rest and breathing room air; arterial oxygen tension (PaO,) and carbon
dioxide tension (PaCO,) were analysed on a blood gas analyser (Radiometer, ABL
330, Copenhagen, Denmark). Respiratory muscle strength was assessed by measuring
maximal inspiratory (Pl-max) and expiratory (PE-max) mouth pressures according to
the method of Black and Hyatt (18). Pl-max values were noted as positive values.

The study was approved by the medical ethical committee of the University Hospital
Maastricht and all subjects gave their informed consent.

Analysis of variance was performed to investigate if REE differs between patients and
healthy subjects after correction for the covariates sex, age, FFM and FM. Stepwise
regression analysis was performed with the independent variables sex, age, FFM and
FM in the control group and sex, age, FFM, FM. PaO,, PaCO,, FEV,, TLC and DLCO
in the patient group to reveal which parameters could explain the variation in absolute
REE.
A linear regression equation of REE on FFM was generated in the healthy age-
matched control group to adjust REE for the influence of FFM. Different equations for
men and women were generated, because the regression equations were significantly
different between the sexes. The predicted REE adjusted for FFM (REEFFM) for
patients was obtained by using the FFM of each individual patient in the linear
regression equation of REE on FFM generated in the healthy control group, as earlier
described by Schols et al. (5). Patients were considered hypermetabolic when
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measured REE as percentage of the FFM-based REE (REE/REEFFM) exceeded
110%.
Using the HB-equations for the prediction of REE, patients and controls were
considered hypermetabolic when measured REE expressed as percentage of the HB-
equations (REE/REEHB) exceeded 110%.
For comparing parameters between groups the Student's t-test was used for parametric
data and the Mann-Whitney U test for non-parametric data (19). Data were analysed
with the computer program 'Statistical Package for the Social Sciences' (SPSS).

Results
On analysis of variance, REE was significantly higher in the patients with COPD
compared to the healthy age-matched control subjects (p=0.013) after correction for
the covariates sex, age, FFM and FM (table 1). . . . , .......

Table 1: Resting energy expenditure is significantly higher in patients with COPD compared to
healthy age-matched subjects after correction for the significant influence of sex, age, fat-
free mass and fat mass.

F p-value

Sex 16.1 ' <0.001
Age 30.3 <0.001
Fat-free mass 135.2 <0.001
Fat mass 21.8 <0.001

COPD 6.3 0013
8 7 9 < 0 . 0 0 1

The healthy age-matched control group was characterized as follows: age mean (S
67 (8) years, body mass index (BM1; body mass/height) 26.0 (3.5) kg/m*, FFM-index
(FFMI; FFM/height') 18.2 (2.2) kg/m*.
Stepwise regression analysis revealed that FFM significantly explained 65% of the
variation in REE in the control group. In addition, sex, FM and age were selected as
significant, independent contributors to a total variation in REE of 77% (table 2).
Based on the HB-equations, 24% of the controls were hypermetabolic. Using the linear
regression equation of REE/REEHB on REE/REEFFM, a REE/REEFFM of 110%
corresponded with a REE/REEHB of 111%.

In the patient group (age 64 (10) years, BM1 23.7 (4.9) kg/nr), stepwise regression
analysis revealed that FFM significantly explained 51% of the variation in REE. In
addition, age and FM were selected as significant, independent contributors to a total
variation in REE of 60%, while lung function was excluded from the model (table 2).
Using the FFM-based REE generated in the healthy age-matched control group, 26%
of the patients were considered hypermetabolic. Hypermetabolic patients were
characterized by a significantly lower age and a lower TLC compared to
normometabolic patients (table 3).
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Table 2: Stepwisc regression analysis to reveal which variables explain the variation in resting
energy expenditure in the healthy control group and the patient group respectively.

Prediction variables Cumulative R* SE p-value
Cow/ro/.v
Fat-free mass
Sex
Fat mass
Age *"_
.Par/en/s
Fat-free mass
Age
Fat mass

0.65
0.71
0.76
0.77

0.51
0.57
0.60

139.4
126.7
117.4
114.3

165.4
155.7
150.3

<0.001
<0.001
<0.001
<0.05

<0.001
<0.001
<0.01

• .'i^V !.• J

' • ; ' ; ' • > - ' *

Table 3: Differences between normo- and hypennetabolic patients with COPD; hypermetabolism
defined on base of the fat-free mass-based resting energy expenditure (REE).

(m/f)
Normo
127 (105/22)

Hyper
45 (18/27)
wean

Age
Body mass index '-' •
Fat-free mass index
Fat mass index
REE/Harris&Benedict-based REE
REE/fat-free mass-based REE
Arterial O, tension
Arterial COj tension
Forced exp. volume in 1 s.
Total lung capacity
Diffusing capacity
Max. insp mouth pressure
Max. exp. mouth pressure

(vrs)
(kg/m-)
(kg/m*)
(kg/m*)

(%)
(%)
(kPa)
(kPa)
(%pred)
(%pred)
(%pred)
(cm H,O)
(cm H,O)

65
23.2
17.0
6.2
107
97
9.2
5.3
40
139
72
66
81

(9)
(4.3)
(2.5)
(2.5)
(12)
(9)
(1.5)
(0.7)
(13)
(28)
(27)
(23)
(25)

60
24.9
17.0
8.0
121
119
9.8
5.3
43
122
75
66
77

(10)***
(6.3)
(3.0)
(3.7)
(10)***
(8)***
(1.8)
(09)
(14)
(27)***
(26)
(31)
(23)

•**p<0.001.

Differences in body composition were eliminated after correction for sex and age.
Maintenance medication use of the patients did not differ between hypermetabolic and
normometabolic patients (theophyllines: 64% vs 68%, IK-sympathicomimetics: 96% vs
98%, ipratropium bromide: 84% vs 87%, oral corticosteroids: 56% vs 53% and
inhalation corticosteroids: 73% vs 79% of the patients respectively). Data concerning
the duration of oral corticosteroid use until the measurement of REE were not
available, but it may generally be assumed that the patients who were receiving oral
corticosteroids at the time of measurement were chronic users; exacerbations of lung
failure are commonly treated with short courses of oral corticosteroids, but the patients
in the present study were all in a stable clinical condition. The proportion patients who
were smoking cigaiettes was 40% in the hypermetabolic patient group and 20% in the
normometabolic patient group (NS).

Using the HB-equations, 54% of the patients were considered hypermetabolic. Using
the linear regression equation of REE/REEHB on REE/REEFFM, a REE/REEFFM of
110% corresponded with a REE/REEHB of 116%. When looking at the differences
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between patients who were normometabolic on base of both definitions of
hypermetabolism versus the group that was normometabolic based on REE/REEFFM
but hypermetabolic based on REE/REEHB, the latter group was, after correction for
sex and age, characterized by a higher age, a lower BMI, a lower FFM1 and a lower
FM-index (FM1) (table 4).

Table 4: Characteristics of normometabolic patients (on base of the fat-free mass (FFM)-based
resting energy expenditure (REE)) stratified by hypermetabolism on base of the Harris and
Benedict-equations (HB)

(m/f)

Normo FFM
Normo HB
72 (54/18)
meow

Normo FFM
Hyper HB
55 (51/4)

Age
Body mass index
Fat-free mass index
Fat mass index
REE/Harris&Benedict-based REE
REE/fat-free mass-based REE
Arterial Oi tension
Arterial CO, tension
Forced exp. volume in 1 s.
Total lung capacity
Diffusing capacity-
Max, insp. mouth pressure
Max. exp. mouth pressure

(yrs)
(kg/itr)
(kg/nr)
(kg/m-)
(%)
(%)
(kPa)
(kPa)
(%pred)
(%pred)
(%pred)
(cm H,O)
(cm H,O)

63
24.4
17.2
7.1
99
94
9.4
5.3
41
136
74
68
82

(11)
(4.4)
(2.6)
(2.5)
(8)
(10)
(16)
(0.7) _
(14)
(28)
(28)
(24)
(27)

67
21.7
16.7
5.1
119
102
9.0
5.4
40
142
70
63
80

(6)**
(3.6)*"
(2.5)*
(2.1)*"
(7)***
(7)***
(12)
(0.8)
(11)
(26)
(25)
(21)
(22)

* p<0.05, ** p<0.01, *** p<0.001.

The prevalence of depletion of FFM, defined as FFMkl5(?)/16(o") kg/nv\ was not
significantly different between normo- and hypermetabolic patients with COPD (36%
vs 33% respectively; using the FFM-based definition of hypermetabolism). Depleted
patients expressed, independently of the presence of hypermetabolism, a significantly
higher RV/TLC ratio (figure la) and a lower Pl-max (figure lb) compared to non-
depleted patients.

19



0.M

nonnometabolic hypermetabolic

p<0.05

normometabolic hypermetabolic

Figure 1: Differences in residual volume/total lung capacity (la, upper panel) and maximal
inspiratory mouth pressure (lb; bottom panel) between non-depleted (striped bar) and
depleted (fat-free mass index < 15(9)/16(o") kg/nr; solid bar) patients with COPD,
stratified by hypermetabolism (on base of the fat-free mass-based resting energy
expenditure). Data are expressed as wean

Discussion
This paper is the first study describing hypermetabolism in such a large group of stable
patients with COPD in relation to body composition and lung function. The prevalence
of hypermetabolism based on adjustment for FFM amounted up to 26% in the patients
with COPD. This prevalence was surprisingly lower than might be expected on base of
earlier studies (6-9).
The most common approach to predict REE for an individual in clinical practice is to
apply the HB-equations (10), which are based on sex, age, height and body mass.
Different studies have investigated hypermetabolism in stable patients with COPD on
base of the HB-equations, most studies revealing an increased REE compared to the
HB-equations or to a control group (6-9), some not (20,21). The disadvantage of all
these studies however, is that they described hypermetabolism in relatively small
groups of patients (6-19 patients), so that the prevalence of hypermetabolism could not
be established.

20



rear

The difference in REE expressed as percentage of the HB-equations between the
healthy control group and patients with COPD may in part be caused by differences in
the relative amount of FFM between patients and controls, since FFM is the most
important determinant of REE. The HB-equations do not take body composition into
account, nor do the COPD-specific prediction equations of Moore (22), which were
derived on base of body mass in a group of 43 stable patients with COPD. Considering
FFM seems furthermore important in COPD since body compositional changes occur
after weight loss. Besides, depletion of FFM despite a normal body mass has been
described in patients with COPD (23). In the present study, FFM explained the
variation in REE for 65% in healthy subjects, in agreement with the meta-analyses of
Cunningham (24) and Weinsier et al. (25), which both revealed FFM as the best single
predictor for REE (R~=0.65-0.90, R^=0.92 respectively). Also in our patient group,
FFM was identified as the most important predictor of REE (51%). The studies of
Green and Muers (9) and Fitting et al. (7), which took muscle mass calculated from
skinfold thickness into account, found a higher REE divided by muscle mass in
patients with COPD compared to healthy subjects. However, by dividing REE by
FFM. depleted subjects are incorrectly considered more hypermetabolic than non-
depleted subjects, because the intercept in the equation of REE on FFM is not equal to
zero. Therefore we adjusted REE for FFM in an age-matched healthy control group as
earlier described by Schols et al. (5), and applied the derived equations for men and
women on the patient group to predict REE.
The prevalence rate of hypermetabolism was shown to be higher in patients with
COPD compared to healthy controls. Furthermore, on analysis of variance REE was
higher in the patient group compared to the control group after correction for sex, age,
FFM and FM. Besides FFM, age was also a significant explaining parameter for the
variation in REE in controls and patients. It is known that REE decreases when age
increases, which can be predominantly explained by the decline in FFM due to
reduced physical activity in elderly people (26,27). This decrease in FFM is possibly
accompanied with an alteration in tissue metabolism with age and/or an adaptation in
REE due to a lower daily caloric intake (28) and a decline in physical activity in the
elderly (29). Furthermore, although the HB-equations adjust REE for age, it is known
that they overestimate hypermetabolism in men over 64 years (30), which was also
seen in our elderly control group.
The fact that patients who were hypermetabolic on base of the HB-equations but
normometabolic on base of FFM were characterized by a higher age, a lower BMI,
FFM1 and FM1. brings up the statement that the HB-equations -incorrectly- link
hypermetabolism to depletion and aging in patients with COPD, in agreement with
several other studies that found a higher REE/REEHB in malnourished patients with
COPD compared to adequately nourished patients (8,31,32). Also elderly depleted
patients with various diseases were found to have a higher REE divided by body mass
than subjects who were not depleted (33).

The finding that REE remained significantly higher in the patient group compared to
the healthy control group after analysis of variance with the covariates sex, age, FFM
and FM, suggests that other factors influence REE in patients with COPD.
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Cigarette smoking is considered to have an increasing effect on REE in healthy
subjects by the effects of nicotine (34), but we did not see any effect of smoking on
REE in our patient population. , ..v >• ' / i '•!. ; sm^f?';; . .m,b
The suggested increase in oxygen cost of breathing (OCB) is assumed to be one of the
main explanations for the elevated REE seen in patients with COPD contributing to
weight loss. Several studies have investigated the OCB in patients with COPD and all
found a higher OCB in patients compared to healthy controls (8,20,35-39). However,
the artefact of these studies is that OCB was measured by augmenting the ventilation
or ventilatory effort and not in rest. O'Donnell postulated recently that increasing the
ventilation demands much more energy in patients with COPD than it does in healthy
subjects because patients may suffer from dynamic hyperinflation (40). Dynamic
hyperinflation will therefore substantially compromise patients with COPD during
exercise by elevating the OCB, and as a result total daily energy expenditure (TDEE)
may be increased. Indeed, a recent study of Baarends et al. (41) revealed an elevated
TDEE in stable patients with COPD compared to healthy subjects, in contrast to the
findings of Hugli et al. (42) which could not establish an increased TDEE in patients
with COPD. The fact that patients with COPD do not show an elevated ventilation in
rest makes it however improbable that the OCB is of great impact on REE (40). This is
further emphasized by the results of several studies in which the efficiency of
breathing in rest was measured by imposing resistance (34,36,43,44). In all but one
(34) study, no difference in breathing efficiency in rest was seen between patients with
COPD and healthy subjects. In the present study we also found no evidence for a
higher OCB in hypermetabolic patients compared to normometabolic patients with
COPD; instead a tendency towards the opposite direction was seen: the significantly
lower TLC found in the hypermetabolic patients indicate that they might be suffering
from less air trapping and therefore from less static hyperinflation compared to the
normometabolic patient group.
The latter finding brings up the suggestion that the presence of hypennetabolism may
be different for the COPD-subtypes emphysema and chronic bronchitis. On base of the
established differences in TLC, the hypermetabolic patients seem to express the more
bronchitic form of COPD and the nonnometabolic patients the emphysematous form.
No differences in DLCO, which is the parameter commonly used in clinical practice to
distinct emphysema and chronic bronchitis, were however seen between the normo-
and hypermetabolic patients. Nevertheless, patients expressing a diminished DLCO are
in general characterized by more hyperinflation. Green and Muers (45) actually
discriminated emphysema and chronic bronchitis on base of PaCO^ and found that
measured REE in patients with the postulated bronchitic subtype of COPD
(PaCOj>6kPa) was higher than the predicted REE, while in patients with the suggested
emphysematous subtype of COPD (PaCO;,<5kPa) it was not. The PaCO, is however
absolutely no good criterium for discriminating between emphysema and chronic
bronchitis; Biernacki et al. (46) investigated the extent of emphysema by measuring
lung density using computed tomography scanning and found no relationship between
emphysema and PaCO, or PaO,. Therefore the findings of Green and Muers are
disputable, and emphysema and chronic bronchitis must first be adequately
differentiated as by use of high resolution computed tomography (HRCT) before
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drawing preliminary conclusions.
Another possible explanation for the elevated REE seen in patients with COPD may be
a thermogenetic effect of bronchodilating agents such as theophyllines and B,-
sympathicomimetics, which are given in general as an essential part of the
pharmacological maintenance treatment approach in patients with COPD. In recent
studies both drugs showed an elevating effect on REE in younger healthy subjects
(47,48). In a previous study we also found a significant increase in REE of 11% after
nebulization of 5 mg of the Bi-sympathicomimetic drug salbutamol in younger
subjects, but the increase in REE in patients with COPD was only 4% and did not
differ from an age-matched control group (6%) (49), in line with the rise in REE of 5%
found in a comparable study in patients with COPD (50). Together, these slight effects
of salbutamol on REE cannot fully explain the elevated REE in patients with COPD.
Furthermore, in the present study the proportion of patients using B̂ -
sympathicomimetics or theophyllines was not significantly different between
hypermetabolic and normometabolic patients with COPD.
Weight loss has also been related to the presence of a systemic inflammatory response.
Increased serum concentrations of the inflammatory mediator tumour necrosis factor
alpha (TNFcc) were found in patients with COPD who had involuntarily lost weight
(51). Furthermore, the LPS-induced production of TNFa by monocytes was higher in
weight-losing versus weight-stable patients (52). In an earlier study of our group,
elevated levels of the acute phase reactant proteins C-reactive protein (CRP) and LPS-
binding protein were reported in hyper- versus normometabolic patients (53). Also the
increased REE found in elderly patients who had undergone recent surgery was related
to elevated levels of CRP (33). Together, these studies suggest a relationship between
hypennetabolism and hepatic acute phase response in a part of the patients with
COPD.

In order to investigate the relative contribution of hypennetabolism to depletion of
FFM in COPD, we determined the prevalence of depletion stratified by
hypennetabolism (hypermetabolism based on FFM-adjustment), and found a similar
prevalence among normo- and hypermetabolic patients. Because no difference was
seen in the prevalence of depletion between normo- and hypermetabolic patients, an
elevated REE cannot be the sole reason for weight loss and/or loss of FFM in COPD.
The fact that FFM-depleted patients were suffering from more hyperinflation (on base
of a higher RV/TLC ratio) and showed a lower Pl-max, brings up the suggestion that
depleted patients, independently of the presence of hypermetabolism, will express a
higher OCB during activities due to more air-trapping and therefore a higher dynamic
hyperinflation, which may contribute to the elevated TDEE previously described in
patients with COPD compared to healthy age-matched controls independently of REE
(41). This higher TDEE will lead to loss of body mass and of FFM when not
adequately met by an increase in energy intake, and will ultimately compromise
functional perfonnance.
The last finding implies that analysis of resting energy metabolism alone is not enough
for the interpretation of energy balance and body composition in patients with COPD.
The eventually enhanced TDEE or energy expenditure for activities should be taken
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into account when assessing the energy requirements of individual patients in clinical
practice.
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Abstract
This study investigated the contribution of a single dose of salbutamol by nebulizer to the
increased resting energy expenditure (REE) frequently found in patients with chronic
obstructive pulmonary disease (COPD) (n=22), in comparison with a younger (n=15) and
an older healthy (n=10) control group. The rise in REE after nebulization of 5 mg
salbutamol was significantly higher in younger (11.4%) compared to older healthy
subjects (5.7%) and patients with COPD (4.2%) (p<0.05), which also accounted for the
increase in heart rate and the drop in respiratory quotient. No differences in metabolic
effects were found between older control subjects and patients with COPD. In conclusion,
despite significant improvements in FEV, and Raw, a significant rise in REE was
observed in patients with COPD after nebulization of salbutamol. The metabolic effects
of salbutamol were however not sufficient to explain totally the elevated REE seen in
these patients.

Summary
/4/>n This study investigated the contribution of a usual dose of salbutamol (a
bronchodilating Bj-agonist) administered by nebulization to the increased resting energy
expenditure (REE) frequently found in patients with chronic obstructive pulmonary
disease (COPD).
SMfyecte am/ mer/rotfe In 15 younger healthy subjects (age 29 years, body mass index
(BMI; weight/height) 22.7 kg/nr), 10 older healthy subjects (64 years, 24.4 kg/m^) and
22 patients with COPD (66 years, 24.1 kg/m*) REE by open canopy indirect calorimetry,
heart rate, flow volume curve and body plethysmography were assessed before and after
nebulization of 5 mg of salbutamol.
/tesw/w Baseline REE was significantly increased in patients with COPD (116% of
predicted). The rise in REE after salbutamol was significantly higher in younger subjects
(mra/7 flSTiM; 11.4 (1.4)%) compared to older subjects (5.7 (2.3)%, p<0.05) and patients
(4.2 (1.1)%, p<0.001), which also accounted for the increase in heart rate (13.4 (2.1)%;
3.9 (3.4)%, p<0.05; 4.9 (1.7)% p<0.01 respectively) and the drop in respiratory quotient
(-10.2 (1.4)%; -7.3 (1.7)%; -3.9 (0.5)%, p<0.001 respectively). The metabolic effects were
not different between older healthy subjects and patients with COPD.
COMC/MS/O/M A single dose of nebulized salbutamol produced significant effects on REE
and heart rate in healthy subjects and in patients with COPD, despite significant
improvements in FEV, and Raw. The metabolic effects were significantly more pronoun-
ced in younger compared to older healthy subjects and to the patients. The significant rise
in REE of 4% due to salbutamol was nevertheless not sufficient to explain totally the
elevated REE seen in patients with COPD.

Introduction
Weight loss is a common problem in patients with chronic obstructive pulmonary disease
(COPD) (1), comprising loss of fat mass and fat-free mass (FFM) and adversely affecting
functional performance and survival (2,3). Weight loss is primarily the result of a
disturbed energy balance.
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In a substantial proportion of patients with COPD resting energy expenditure (REE) is
increased up to 15-20% above predicted values (4). The cause of the elevated REE seen
in these patients has not yet been elucidated. Several studies have suggested that
hypermetabolism in patients with COPD is the result of an increased oxygen cost of
breathing (OCB), but convincing evidence has not yet been provided (5,6).
Weight loss has also been related to the presence of systemic inflammation. Elevated
serum concentrations of the inflammatory mediator tumor necrosis factor a (TNFa) were
found in patients with COPD suffering from involuntary weight loss (7), and in another
study increased levels of acute phase reactant proteins and soluble TNF-receptors were
reported in a subset of hypermetabolic patients with COPD, whereas in all
normometabolic patients these levels were within a normal range (8).
Another possible explanation for the elevated REE in patients with COPD might be a
stimulating effect of pharmacological treatment such as the bronchodilating agents
theophyllines and Bj-sympathicomimetics, which are in general an essential part of the
pharmacological maintenance treatment approach in patients with COPD. Theophylline
and salbutamol (a short-acting, bronchodilating B^-sympathicomimetic drug) have been
shown to effect an acute elevation of REE in younger healthy subjects (9,10).
Furthermore, in contrast to ipratropium bromide, salbutamol has recently been reported
to cause an acute elevation of REE in patients with COPD (11), while theophylline did
not (12). In addition Hugli, in a group of 14 stable patients with COPD, found no
relationship between plasma theophylline level and total daily energy expenditure
(TDEE), but a significant, positive correlation between the daily dose of inhaled B,-
agonists and TDEE, although this effect could be explained predominantly by three
patients with a high TDEE who were using a high daily dose of Bj-sympathicomimetics
(13). B,-Agonists are commonly given to patients with COPD as treatment for
exacerbations of their lung failure, during which REE has been shown to increase
temporarily (14). All together, different studies have shown that B,-sympathicomimetics
exert an acute increasing effect on REE in younger healthy subjects and in patients with
COPD, but it is unclear whether the metabolic effects of B-agonists are comparable for
patients with COPD, younger healthy subjects and age-matched healthy subjects.

The aim of the present study was to investigate the acute effects of a single dose of
nebulized salbutamol on REE, respiratory quotient (RQ), heart rate and lung function in
patients with COPD in comparison with a younger and an age-matched healthy control
group.

Subjects and methods

The study group consisted of 22 patients with COPD and 25 healthy control subjects; the
latter group was stratified by age into two subgroups (n=15 <48 years and n=10 >48
years), on the one hand to allow a comparison with the available data about younger
volunteers reported in the literature and on the other hand to match for the (elderly)
patient group. In the patient group measurements were done at least 6 days after admission
to the hospital while they were recovering from an acute exacerbation of their lung failure,
which was treated with a standard protocol of medication (nebulized short-acting Bj-
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sympathicomimetics (>20 mg/24 h), inhaled anticholinergics, intravenously administered
theophylline and prednisolone (0.5-1.0 mg/kg/24 h), the latter given in decreasing doses).
The plasma theophylline levels of all patients fell within the therapeutic range (8.0-16.7
mg/1) and none of the patients had fever at the time of measurement.
The study was approved by the medical ethical committee of the University Hospital
Maastricht and all subjects gave their informed consent.

'••^WHsifei 5 / r O . ; ^ : ' ^ ^ ' • • : = • • * • > " . • v ••• • • •

/?ey//'ng energy ex/7em/;7ure anrf Aearf rate
REE, the most prominent part of TDEE, can be described as the amount of energy
necessary for basal functioning of the body (breathing, circulation, homoeostasis) under
non-sleeping conditions. REE was measured by an open circuit indirect calorimetry
system using a ventilated hood (Oxycon Beta®; Mijnhardt, Bunnik, the Netherlands). The
system was calibrated daily at the start of the experiment, while the accuracy was
regularly assessed using a methanol combustion test. Patients and controls were in a
fasting state for at least 10 hours and had a period of at least 30 minutes bed rest prior to
the measurements started. In addition, patients abstained from their regular bronchodilator
medications for at least eight hours prior to the start of the experiment. During the
measurement of REE, subjects were comfortably lying on a bed in supine position
allowing them to watch television or listen to the radio. REE was calculated from oxygen
consumption (V'CX), which accounts for the most prominent part of REE, and carbon
dioxide production (V'CO,) using the abbreviated Weir formula (15). Measured REE was
compared with the prediction equations of Harris and Benedict (16). The heart rate was
recorded continuously during measurement of REE (Hewlett-Packard, Boblingen,
Germany).

compcw/f/on
Body weight was assessed to the nearest 0.1 kg, while subjects wore light clothing and no
shoes. FFM was measured using single frenquency (50 kHz) bioelectrical impedance
analysis (Xitron technologies, San Diego, USA) with subjects in supine position. FFM
was calculated using the equation of Schols (17) for the patients with COPD and the
equation of Deurenberg (18) for the healthy control subjects.

Forced expiratory volume in one second (FEV,) and inspiratory vital capacity (1VC) were
calculated from the flow-volume curve using a spirometer (Masterlab*, Jaeger, Wurzburg,
Germany). Airway resistance (Raw) was measured using a whole body plethysmograph
(Masterlab®, Jaeger, Wurzburg, Germany). Lung function was expressed as percentage
of reference value (19).

7ra/rmtvi/
A solution containing 1 ml of salbutamol hemisulphate 0.5% (Centrafarm, Etten-Leur, the
Netherlands) and 1 ml sodium chloride 0.9% (Baxter, Utrecht, the Netherlands) was
administered by a handheld nebulizer (Hudson, Temecula, Mexico) to the patients and
control subjects. Totally, a dose of 5 mg salbutamol was given at each administration,
which is the standard dose used in our hospital.

30



A/e/aW;c tffi

Measurements were started in the early morning (8.30 a.m.). At first, body weight and
FFM were assesed. Then REE was measured during 20 minutes, after which lung function
was assessed. After the baseline measurements, patients and healthy subjects received 5
mg nebulized salbutamol. Directly after nebulization, REE measurement was continued
for 45 minutes. Finally, the second lung function test was performed.

The baseline measurements of REE, RQ (ratio VCO/VQ;) and heart rate were integrated
over 0-20 min. The response curves of REE, RQ and heart rate after salbutamol
nebulization were integrated over 0-5, 5-10, 10-20, 20-30 and 30-45 min. For comparison
within the individual before and after treatment, a paired t-test was used. The differences
in response at each time interval and the mean differences between the groups were
assessed with an independent t-test. For the latter purpose we integrated the metabolic
changes over 10-45 min to avoid the initial peak value. Stepwise regression analysis was
performed to determine the factors contributing to the variation in REE change due to the
treatment. Data were analysed with the computer program 'Statistical Package for the
Social Sciences' (SPSS) using the guidelines of Airman (20).

Results
Baseline characteristics of the patient group and of the two control groups are shown in
table 1. Patients with COPD showed a significantly elevated baseline REE and heart rate
compared to age-matched healthy subjects. The variation in REE was not influenced by
plasma theophylline in the patients. Lung function was, as expected, severely impaired in
the patient group. Raw was significantly higher in the older compared to the younger
healthy control group.

Table 1: Baseline characteristics of the study groups.

n

Age
BMI
Fat-free mass
REE

(m/f)

(NTS)

(kg/m>)
i (kg)

(%pred)
Respiratory- quotient
Heart rate
IVC
FEV,
Raw

(b/min)
(%pred)
(%pred)
(%pred)

Controls<48y
15
mean
28.9
22.7
50.3
982
0.84
632
1075
105.2
70.9

(6/9)

(6.2)
(2.4)
(11.0)
(6.5)
(004)
(8.7)
(13.0)
(10.1)
(28.8)

Controls >48y
10
mean
63.9
24.4
45.3
104.6
0.84
61.0
104.8
97.4
112.7

(4/6)
f5D>
(11.8)***
(3.7)
(8.3)
(12.5)
(0.05)
(7.3)
(17.2)
(19.4)
(49.9)*

Patients with COPD
22

66.1
24.1
48.7
116.1
0.85
81.2
82.0
36.6
282.0

(16/6)

(9 0)***
(7.0)
(108)
(9.0)***##
(0.05)
(I3.O)***###
(19.2)***##
(11.7)***###
(13O8)***###

BMI: body mass index
REE: resting energy expenditure.
*p<0.05, ***p<0 001 compared to controls<48y.
## p<0.01, ### p<0.001 compared to controls>48y.
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Figure 1 shows the time course of REE, RQ and heart rate after salbutamol administration
expressed as percentage of baseline values. Significant effects on mean REE, RQ and
heart rate integrated over 10 to 45 minutes were seen after salbutamol nebulization in all
groups, except for heart rate in the older healthy control group. The rise in mea« fS£M)
REE expressed as percentage of baseline value was significantly higher in younger
healthy subjects (11.4 (1.4)%) compared to older healthy subjects (5.7 (2.3)%, p<0.05)
and patients with COPD (4.2 (1.1)%, p<0.001), which also accounted for the increase in
heart rate (13.4 (2.1)% vs 3.9 (3.4)%, p<0.05 vs 4.9 (1.7)%, p<0.01 respectively). The
drop in RQ was more pronounced in the younger healthy subjects (-10.2 (1.4)%)
compared to the older healthy subjects (-7.3 (1.7)%) and the patients (-3.9 (0.5)%,
p<0.001). There were no significant differences in metabolic effects between older
healthy subjects and patients with COPD. ;, ' : :

Salbutamol had a significant effect on IVC expressed as percentage of baseline value (SD)
in patients with COPD (9.3 (9.4)% p<0.001). Significant improvements in FEV, and Raw
were seen in the younger control group (FEV, 6.5 (3.3)%, p<0.001; Raw -27.3 (22.7)%,
p<0.001), in the older control group (FEV, 4.6 (1.8)%, p<0.001; Raw -17.1 (11.5)%,
p<0.01) and in the patient group (FEV, 19.3 (16.2)%, p<0.001; Raw -23.7 (22.3)%,
pO.OOl) after nebulization. The effects of salbutamol on lung function were not different
between younger and older healthy subjects, whereas patients with COPD showed a
significantly higher increase in IVC and FEV, compared to the healthy controls.

To gain more insight into possible determinants of the variation in REE change after
nebulization of salbutamol in healthy subjects, we performed a stepwise regression
analysis with age, FFM, change in IVC, change in FEV, and change in Raw as
independent variables, and the change in REE as the dependent variable. On stepwise
regression analysis, age (p=0.004) and FFM (p=0.03) were identified as significant
contributors to the variation in REE change after salbutamol nebulization (R~=0.53). The
degree of lung function change did not influence the change in REE. The variation in REE
change in the patients with COPD was lower than in the healthy controls and none of the
five variables could be identified as significant contributor to the variation in REE change.
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Figure 1: Time course of the changes in REE (top panel), RQ (middle panel) and heart rate (bottom
panel) after ncbulization of 5 mg salbutamol in younger healthy subjects (dashed/dotted
line), older healthy subjects (dashed line) and patients with COPD (solid line), data are
expressed as percentage of baseline value (SEM). Significances: *p<0.05, **p<0.01,

p<0.001 compared to controls<48y; "p<0.05 compared to controls?48y.
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Discussion
Several studies have evaluated the metabolic effects of bronchodilating drugs in healthy
subjects. Treatment with theophylline during 11 days resulted in a sustained increase in
V'O, and heart rate in a group of 10 healthy volunteers (9). Amoroso found a dose-
dependent rise in VO,, V'CCX and heart rate after increasing doses of inhaled salbutamol
vs placebo in 10 younger healthy subjects (10). Adrenaline, an a- and B-agonist, has also
been found to exert dose-dependent effects on energy metabolism and heart rate (21).

Based on these observations, it has been suggested that the use of B-sympathicomimetics
and other bronchodilators can contribute to the elevated REE frequently found in patients
with COPD (10). Recently, theophylline and ipratropium bromide were reported to exert
no effect on REE in 14 patients with COPD (12). Burdet elucidated however that, in
contrast to ipratropium bromide, 5 mg salbutamol by nebulizer induced an acute elevating
effect on REE (4.8%) and heart rate in 13 patients with COPD (11). Furthermore, in a
group of 14 stable patients with COPD a significant, positive correlation between the daily
dose of inhaled B^-agonists (1061 (973) ug/24h) and TDEE was found, although this
effect was predominantly explained by 3 patients using a very high daily dose of B,-
sympathicomimetics (1500-4000 ug/24 h), while no relation was found between plasma
theophylline level and TDEE (13). In the present study we found a similar, significant
increase in REE in patients with COPD (4.2%) as in the study of Burdet. The metabolic
changes were however significantly lower in the patients compared to the younger healthy
subjects. Furthermore, no significant difference in metabolic response was observed
between patients and age-matched healthy subjects.

Although the rise in metabolism was similar, there was a discrepancy in the effect of
salbutamol on RQ between the findings of Amoroso (10) and the present study; while
Amoroso found an initial peak in RQ at 5 minutes after salbutamol inhalation followed
by a fall beneath baseline, we observed an initial decrease in RQ after salbutamol
nebulization. The fall in RQ probably reflects a rise in lipolysis and use of free fatty acids
(FFA). Several other studies have investigated the effect of Bj-sympathicomimetics on RQ
in healthy subjects. In a study in 7 healthy younger male volunteers no change in RQ was
found after salbutamol infusion, while infusion with the non-selective B-agonist
isoprenaline resulted in a significant rise in arterial blood glycerol and FFA and in an
increased uptake and oxidation of FFA in muscle tissue, which suggests an elevation in
cellular oxygen uptake, lipolysis, glycogenolysis and gluconeogenesis (22). Similarly,
another study showed an initial transient increase in respiratory exchange ratio together
with a rise in blood glucose, glycerol and lactate during adrenaline infusion (21).

The metabolic effects of nebulized salbutamol were significantly more pronounced in
younger compared to older healthy subjects, and by stepwise regression analysis age
indeed explained a significant part of the variation in REE change in healthy control
subjects. A decreasing effect of salbutamol could be caused by a reduction in the B -̂
adrenoceptor number and/or sensitivity in peripheral (muscle) tissue with age. However,
reported data are in favour of the hypothesis that Bj-receptor functioning is maintained in
the elderly, although one study reported a decrease in the chronotropic cardiovascular
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response to isoprenaline in healthy elderly subjects (23). However, two other placebo-
controlled studies, evaluating dose-dependent increases in finger tremor and heart rate in
younger and older subjects to cumulative doses of inhaled salbutamol following pre-treat-
ment with propanolol (a B,- and B,-antagonist), showed no evidence for a decrease in Bj-
adrenoceptor activity in the elderly (24,25).
In addition to age, FFM explained a significant part of the variation in REE change after
nebulization of salbutamol in healthy control subjects, suggesting that salbutamol mainly
affects the metabolically active cell mass. After stimulation of the B,-adrenoceptors
located on the fibres and muscle spindles of skeletal muscle by B2-agonists, the membrane-
B^-adrenoceptor complex is formed which activates adenylate cyclase, which in turn
catalyses the conversion of ATP to cyclic 3,5-AMP by activating the membrane-bound
NaVK'-ATPase linked to the Bv-adrenoceptor on the cell (26). The NaVK'-pump is a
major energy source of the cell activating several protein kinases. Glycogenolysis,
lipolysis and release of renin, insulin, glucagon, parathyroid and antidiuretic hormones are
stimulated, resulting in elevated levels of glucose, insulin, FFA, glycerol, lactate,
pyruvate, ketone bodies and high density lipoprotein cholesterol (27). <-

In the present study no differences in the metabolic effects of salbutamol were seen
between patients and age-matched healthy subjects, although different factors could have
attenuated the increase in REE in patients with COPD.
At first, the already elevated baseline REE in the patient group could have blunted the
metabolic effects of salbutamol as seen in the younger healthy control group.
Secondly, patients with COPD could have build up tolerance after long-term treatment
with salbutamol due to a reduced receptor sensitivity and/or to down regulation of B-
receptors (28). Large differences in susceptibility to tachyphylaxis between different
tissues are however reported: muscle tissue seems to demonstrate more tolerance after
long-term use than lung tissue (27). Indeed, prolonged treatment with inhaled salbutamol
could not cause a sustained increase in REE in younger healthy volunteers and completely
blunted the acute thermogenic response to a single high dose of salbutamol (29,30). The
patient group in the present study showed however the same metabolic response on 5 mg
nebulized salbutamol as the age-matched healthy control group, although all patients were
regularly using B,-agonists. This finding argues against tachyphylaxis to the metabolic
effects of B^-sympathicomimetics in patients with COPD.
A third explanation for the attenuated response of REE in the patient group could be a
reduction in oxygen cost of breathing (OCB) due to salbutamol. The significant effects
of salbutamol on FEV,, Raw and IVC reflect a decrease in the resistive and elastic load
of the respiratory system. Therefore a resulting decrease in REE could be hypothesized
after salbutamol administration due to a decrease in OCB. Otherwise, no differences in
metabolic effects were seen between the patients and the older healthy control subjects,
suggesting that, as supported by the study of Shridhar (6), this supposed influence of the
OCB on REE is not of great impact in COPD. .

In conclusion, a single dose of nebulized salbutamol induced significant effects on REE,
RQ and heart rate in healthy subjects and in patients with COPD. These effects were
significantly higher in younger compared to older healthy subjects and to patients. Regular
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use of Bj-agonists by the patients did not totally blunt the systemic effects of the single
dose of salbutamol. Age and FFM explained 53% of the variation in REE change after
salbutamol administration in healthy subjects. Despite significant improvements in FEV,
and Raw, probably reflecting a decrease in OCB, a significant rise in REE was observed
in the patients with COPD. The acute metabolic effects of salbutamol did however not
appear to be sufficient to explain the total elevation in REE seen in patients with COPD.
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Abstract
Chronic obstructive pulmonary disease (COPD) is a syndrome of chronic wasting, in part
associated with a chronic inflammatory response. Aim of this study was to investigate
cross-sectionally and prospectively the potential role of leptin in relation to systemic
inflammation in the regulation of the energy balance in COPD. Body composition by
deuterium dilution, resting energy expenditure (REE) by indirect calorimetry and plasma
concentrations of leptin and soluble TNF-receptors (sTNFR-) 55 and 75 by ELISA were
measured in 27 male patients with emphysema and 15 male patients with chronic
bronchitis (disease-subtype defined by high resolution computed tomography).
Emphysematous patients were characterized by a lower body mass index due to a lower
fat mass (FM) (p=0.001) and by lower mean (detectable) leptin concentrations (p=0.020)
compared to bronchitic patients. Leptin was exponentially related to FM in emphysema
(r=0.74, p<0.001) and in chronic bronchitis (r=0.80, p=0.001). Furthermore, a significant
partial correlation coefficient between leptin and sTNF-R55 adjusted for FM and oral
corticosteroid use was seen in emphysema (r=0.81, pO.OOl) but not in chronic bronchitis.
In 17 predominantly emphysematous depleted male patients with COPD baseline plasma
leptin divided by FM was in addition logarithmically inversely related to baseline dietary
intake (r=-0.50, p=0.047) and to the degree of weight change after eight weeks of
nutritional support (r=-0.60, p=0.017). This proposed cytokine-leptin link in pulmonary
cachexia may explain the poor response to nutritional support in part of the cachectic
patients with COPD and may open a novel approach in combating this significant co-
morbidity in COPD.

Introduction
Recent studies suggest that leptin, a protein synthesized by adipose tissue and encoded by
the w/> gene (1) plays an important role in the energy balance. Leptin is postulated to
represent the afferent hormonal signal to the brain including the hypothalamus in a feed-
back mechanism regulating the fat mass (FM). Leptin binds to the leptin receptor (2) in
the hypothalamus (3), the brain nucleus that plays a central role in the regulation of
feeding behavior and energy balance. In animal models, the result of this interaction is a
decrease in food intake (4). There is now evidence that the effects of leptin on food intake
are mediated by two limbs of the weight control system: the appetite stimulating peptide,
neuropeptide Y, and the satiety stimulating melanocyte-stimulating hormone (5).
Furthermore, leptin may mediate energy expenditure by both increasing physical activity
and activity-independent thermogenesis, which in part appears to involve activation of
brown adipose tissue (6).
In obesity, a central insensitivity ('resistance') to leptin has been shown (7). On the
opposite of obesity, tissue wasting ultimately leading to cachexia is commonly seen in
chronic diseases such as chronic obstructive pulmonary disease (COPD). Different
patterns of chronic wasting, from massive loss of FM to disproportionate wasting of body
cell mass, can be distinguished (8). These differences indicate the involvement of different
regulatory mechanisms for the (disturbances in) energy and protein balance in COPD. In
view of the fact that both anorexia and hypermetabolism play a role in the wasting
associated with chronic pulmonary disease (9,10), underlying abnormalities in the leptin
feed-back mechanism might also be involved. In particular, elevated concentrations of
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circulating leptin or, on the contrary, a hypothalamic insensitivity to a fall in leptin
concentrations might be present. The observed link between inflammatory cytokines and
leptin in two experimental animal studies (11,12) led to the hypothesis that adipose tissue
gene expression is regulated by inflammatory cytokines, which in turn could induce
anorexia in acute or chronic inflammation. Two recent reports have furthermore shown
an enhanced production of tumor necrosis factor a (TNF-a) in patients with COPD
suffering from weight loss (13,14). Clinical data regarding the possible involvement of
leptin in the pathophysiology of inflammation-associated chronic wasting are however
lacking.

The present study was undertaken to investigate cross-sectionally the relationship between
plasma leptin concentrations and soluble TNF-receptor (sTNF-R) 55 and 75
concentrations, as a reflection of an enhanced inflammatory status, in patients with COPD
stratified into emphysema and chronic bronchitis. Furthermore, in a group of depleted
patients with COPD it was prospectively studied if leptin was a determining factor of
dietary intake, resting energy expenditure (REE) and the response to nutritional therapy.

Subjects and methods •"

Cross-sectional study
A random group of patients with COPD, consecutively admitted to a pulmonary
rehabilitation center, were included in the study when they fulfilled the following criteria:
1) COPD according to the ATS guidelines (15) and chronic airflow obstruction defined
as a measured forced expiratory volume in one second (FEV,) less than 70% of the
reference value; 2) irreversible obstructive airway disease, i.e. <10% improvement in
FEV, expressed as percentage of predicted after inhalation of a Ik-agonist; 3) in clinically
stable condition, not suffering from a respiratory tract infection; 4) no concomitant
confounding diseases, such as malignant disease, gastrointestinal disorders, severe
endocrine disorders or recent surgery; 5) no suspected abnormal fluid balance as
manifested by the presence of edema or regular use of diuretics. In order to increase
homogeneity of the study population, only male subjects were included.

Prospective study
The second group consisted of male patients with COPD fulfilling the same inclusion
criteria as indicated in the cross-sectional study, and suffering from below normal body
weight (body mass index (BM1; body weight/height") s23 kg/m^) and/or depletion of fat-
free mass (fat-free mass index (FFM1; FFM/height') < 16 kg/nr). These patients received
standardized nutritional therapy consisting of 500-750 kcal/day given as three liquid
supplements of 200 ml each, as integrated part of an in-patient pulmonary rehabilitation
program. Response to nutritional therapy was defined as the weight change reached after
eight weeks of treatment.
The study was approved by the medical ethical committee of the University Hospital of
Maastricht. Informed consent was obtained from all subjects. All measurements were
performed during the first two weeks after admission to the center, and in the prospective
study in addition after eight weeks of nutritional treatment.
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Body height was determined to the nearest 0.5 cm (Lameris WM 715, Breukelen, The
Netherlands) with subjects standing barefoot. Body weight was measured with a beam
scale to the nearest 0.1 kg (SECA, FRG, Germany) with subjects barefoot and in light
clothing. Recent weight loss was defined as body weight loss in the last three months.
To measure total body water (TBW) each patient received a weighed (1 g/1 estimated
TBW) oral dose of deuterium labeled water (D^O; 99.84 atom percentage excess) mixed
into 70 ml water in the late evening around 10 p.m. Just before and approximately 10
hours later, after complete emptying of the bladder, an urine sample was obtained. Urine
was analyzed for deuterium with an isotope ratio mass spectrometer (16). Deuterium
dilution space was calculated from the quantity of administered DjO and the urine D,O-
concentrations following complete distribution. TBW was calculated from these values
by applying a conversion factor of 1.04. This correction accounts for the exchange of
labile hydrogen which occurs in humans during the equilibrium period. FFM was
calculated assuming a hydration factor of 0.73. FM was calculated by subtracting FFM
from body weight. > tvh f • .•; v
In order to assess possible disturbances in body fat distribution in the cross-sectional study
group, subregional FM was assessed by dual-energy x-ray absorptiometry (DXA), which
is a direct method of assessing bone mineral content and the soft tissue surrounding the
bone (FFM and FM). Each patient, lying in supine position on a scan table for
approximately 15 minutes, was scanned by a DPX-L Bone Densitometer* (Lunar
Radiation Corporation, Madison, WI; voltage 76.0 kVp, current 150 uA, collination 1.68
mm). Multiple fast speed transverse scans from head to toes with 1 cm intervals were
performed, with a scan area of 576* 1968 mm and a sample interval of 1/32. A rectilinear
scanner was used to detect density differences as the two concentrations of photon energy
were projected through the subject. The scanner used a constant potential x-ray source at
78 kV and a K-edge filter to achieve a congruent beam of stable dual-energy radiation
with effective energies of 38 and 70 keV. Data were collected in maximal 205 scan
lines* 120 sample points (pixel size 4.8*9.6 mm). Entrance radiation dose was minimal
(<0.02 mSv/scan) (17). Total and subregional FM were derived according to computer
algorhythms (Lunar software version 1.3) provided by the manufacturer.

energy e.v/?ewc//7//re
REE was measured by an open circuit indirect calorimetry system using a ventilated hood
(Oxycon Beta*, Jaeger, Wurzburg, Germany) (18). Measurements were started in the early
morning (8.30 a.m.). Patients were in a fasting state for at least 10 hours and had a period
of at least 30 minutes bed rest prior to the measurement during which subjects were
comfortably lying on a bed in supine position. After stabilization, REE was recorded
during a period of 20 min. and calculated from oxygen consumption and carbon dioxide
production using the abbreviated Weir formula.

In die cross-sectional study dietary intake was assessed using the dietary history method
with cross check. In the prospective study, food intake was recorded during four days
before the start of the nutritional intervention and the mean intake of the four days was
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taken for analysis. The information was coded for computer nutrient analysis by the same
trained dietician. The nutrient data base was derived from the Dutch food composition
t a b l e s ( 1 9 ) . ,.,,.,... ,-., .: - >. ; . u : , - . - r i m •,.,-.•• ,.-:..:.-, .-

Lung function testing included spirometry (FEV, and forced vital capacity (FVC)),
thoracic gas volumes (total lung capacity (TLC)) and diffusing capacity for carbon
monoxide (DLco) (Masterlab*. Jaeger. Wurzburg, FRG). Lung function values were
expressed as a percentage of predicted (20). Blood was drawn from the brachial artery at
rest while breathing room air. Arterial pressures of oxygen and carbon dioxide (PaO,,
PaCOj) were analyzed on a blood gas analyzer (Radiometer, ABL 330, Copenhagen).

Evaluation of the presence and severity of emphysema was performed by high resolution
computed tomography (HRCT) using a commercial scanner (Somaton Plus*; Siemens,
Erlangen, FRG; voltage: 137 kVp, current: 220mA, collimation: 1.0 mm, scanning time:
1.0 sec). Five thin-section CT scans were obtained with the patient supine during breath
hold at end-expiration: 2 scans of the upper and two scans of the lower lung zones at 3
and 6 cm above and below the carina and 1 scan at the carina. Images were made at a
concentration of-800 HU and window width of 1600 HU, which is appropriate for lung
detail. The severity and extent of emphysema of each scan was visually scored at a four-
point scale independently by two observers according to the direct observational method
of Sakai (21). For each of the lung sections, the score for the severity of emphysema was
multiplied by the score for the extent; the resultant scores were subsequently summed to
give a total HRCT-score. Visual scores ranged from 0 (no emphysema) to 120 (severe
emphysema). Patients with a visual score <30 were sub-typed as chronic bronchitis and
patients with a visual score > 30 were sub-typed as emphysema (22).
High resolution computed tomography (HRCT) is a sensitive technique for the evaluation
of the presence and severity of emphysema; in patients with emphysema the densitometric
parameters substantially differ from the corresponding values in patients with chronic
bronchitis and healthy controls, regardless the level of inspiration (23).

From all patients blood was obtained in the fasting state by venipuncture at 9 pm. Blood
was collected in evacuated blood collection tubes (Sherwood Medical, St Louis. MO)
containing EDTA. Plasma was separated from blood cells by centrifugation at 1000 G for
10 minutes at 4 °C within 1 hour after collection. Plasma samples were stored at -70°C
until analysis.
STNF-R55 and -R75 were measured using specific sandwich EL1SA described elsewhere
(24). In short, MAbs MR1-1 and MR2-2 were coated on immuno-assay plates (Nunc-
Immuno Plate Maxisoip, Roskilde, Denmark). The standards used were recombinant
human sTNF-R55 and sTNF-R75. Specific biotin-labeled polyclonal rabbit anti human-
sTNF-R IgG were used as detector reagents followed by streptavidin-peroxidase conjugate
(Dako, Glostrup, Denmark). Photospechometry (450 nm) was performed using a micro
ELISA autoreader. The detection limit of both assays was 100 pg/ml. Leptin
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concentrations were measured using a double antibody sandwich ELISA assay using a
monoclonal antibody specific for human leptin. The lower concentration of detection was
0.25 ng/ml and the upper limit 50 ng/ml. The intra- and inter- assay variation were 9% and
12% respectively. The leptin concentrations of normal-weight healthy subjects range from
1 to 12 ng/ml.
Fasting serum concentration of glucose was determined by spectrophotometric analysis
(Cobas Mira*; Hoffmann-La Roche, Basel, Switzerland). .

Results are given as mean (SD). Differences between groups were statistically analyzed
using an unpaired Student's t-test. In the patients with leptin values below the detection
limit (0.25 ng/ml), the value 0.25 ng/ml is used in the analysis. After curve estimation,
linear, exponential or logarithmic Pearson product moment correlation coefficients were
calculated. The relationship between leptin and the sTNF-receptors were adjusted for FM
and oral corticosteroid use using partial correlation analysis. Following the simple
correlations a regression model was fitted to the data to enable the variables that
contributed to the explained variation in plasma leptin concentration. Significance was
determined at the 5% level. Data were analyzed according to the guidelines of Airman et
al. (25), using SPSS (Statistical Package for the Social Sciences, version 6.0 for Windows,
SPSS Inc., Chicago, IL, U.S.A.).

Results : :.»•,.,-...

Characteristics of the study group stratified into the COPD sub-types (27 patients with
emphysema, 15 patients with chronic bronchitis) are given in table 1. The total group was
characterized by severe lung function impairment. Patients with emphysema were
characterized by a significantly lower FEV,, Dlco and PaO, compared to those with
chronic bronchitis. Emphysematous patients expressed also a significantly lower BMI due
to a significantly lower FM (mean difference 7.8 kg; 95% CI: 3.2-12.4 kg), whereas the
groups were not different in FFM and in the prevalence of recent weight loss
(emphysema: 14/27 vs chronic bronchitis: 6/15, p=0.340). Dietary intake was nearly
significantly higher in the patients with the emphysematous subtype of COPD compared
to the patients with the bronchitic sub-type (p=0.055), while no difference was seen in
REE.
Maintenance medication in the majority of patients consisted of theophylline, (inhaled)
B2-agonists and inhaled corticosteroids. Furthermore, 11/27 patients with emphysema
versus 8/15 patients with chronic bronchitis were on low dose systemic corticosteroids
(prednisone s 10 mg/day; p=0.322). No differences were seen in serum glucose between
the patients with emphysema and chronic bronchitis (table 1). On DXA-analysis, visceral
FM estimated by trunk FM expressed as percentage of total FM was higher in patients
with emphysema compared to chronic bronchitis (52.1 (5.4)% vs 47.2 (6.7)%, p=0.023).
However, no influence of oral corticosteroid use on the distribution of body fat could be
established.
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Table 1: Patient

n

Age
Body mass index
Fat-free mass
Fat mass
Dietary intake
REE
FVC
FEV,
TLC
Diffusing capacity
PaO,
PaCO;
sTNF-rcceptor 55
sTNF-receptor 75
Glucose
Leptin'

characteristics.

(yrs)
(kg/nr)
(kg)
(kg)
(kcal/24h)
(kcal/24h)
(%pred)
(%pred)
(%pred)
(%pred)
(kPa)
(kPa)
(ng/ml)
(ng/ml)
(mmol/1)
(ng/ml)

Emphysema
27
mean
67
21.6
47.0
15.7
2144
1494
86
33
120
45
9.4
5.8
0.65
1.57
5.9
2.6

(8)
(3.0)
(6.7)
(6.4)
(536)
(194)
(14)
(10)
(19)
(17)
(14)
(0.7)
(032)
(0.39)
(09)
(2.7)

Chronic bronchitis
15
meaw
67
25.1
48.7
23 5
1803
1588
83
43
118
71
10.5
5.6
0.65
1.66
6.5
5.1

(5)
(3.3)
(7.1)
(7.6)
(533)
(232)
(15)
(14)
(17)
(19)
(0.9)
(10)
(0.30)
(0.46)
(15)
(3.0)

p-va/ue
0.855
0.001
0.440
0.001
0.055
0.169
0.434
0.016
0.663

<0.001
0.012
0.354
0.992
0.512
0.121
0.020

REE: resting energy expenditure; FVC: forced vital capacity: FEV,: forced expiratory volume in I second;
TLC: total lung capacity.
'Mean value of detectable leptin concentrations: n=19 (emphysema) and n=13 (bronchitis).
Lower detection limit of the assay: 0.25 ng/ml.

As expected based on the lower FM. mean detectable plasma leptin was significantly
lower in the patients with emphysema compared to patients with chronic bronchitis (table
1). Non-detectable concentrations (below 0.25 ng/ml) were found in 8 out of 27 patients
with emphysema relative to 2 out of 15 patients with chronic bronchitis. A large inter-
individual variation was seen, which is illustrated by the distribution of FM among the
patients with leptin concentrations below the detection limit (figure 1). The curvilinear
correlation coefficient between leptin and FM was 0.74 (p<0.001) in the patients with
emphysema (figure la) and 0.80 (p=0.001) in the patients with chronic bronchitis (figure
lb). In addition, significant correlation coefficients between leptin and visceral FM
expressed as percentage of total FM were revealed in the emphysematous patients (r=0.45,
p=0.030) and in the bronchitic patients (r=0.77, p=0.003). The relation between leptin and
FM or proportion visceral FM was not affected by oral corticosteroid use.

After adjustment for FM and oral corticosteroid use as possible confounders, a significant
partial correlation coefficient was found in the total group between leptin and sTNF-R55
(r=0.59, p<0.001) but not between leptin and sTNF-R75 (r=-0.08, p=0.633). Figure 2
shows a striking difference in the relationship between sTNF-R55 and leptin concentration
between the COPD sub-types. While in the patients with emphysema a highly significant
partial correlation coefficient was found between sTNF-R55 and leptin after adjustment
for FM and oral corticosteroid use (r=0.81, p<0.001; figure 2a), such a relationship was
not found in chronic bronchitis (r=0.29, p=0.369; figure 2b).
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Fat mass (kg)

Figure 1: Relationship between leptin concentration and fat mass in patients with emphysema (figure
la: upper panel; r=0.74, p<0.001) and in patients with chronic bronchitis (figure lb;
lower panel; r=0.80. p=0.001).

There are minor discrepancies in the number of subjects in figures la and 2a and lb and
2b. These discrepancies can be explained by the fact that in 2/27 patients with emphysema
and in 1/15 patients with chronic bronchitis FM was not measured.

On stepwise regression analysis, FM and sTNF-R55 significantly explained 64% of the
variation in plasma leptin concentration (p<0.001). HRCT-score as a measure of the
extent of emphysema, FFMI as a measure of functional tissue depletion and oral
corticosteroid use were excluded from the model (table 2).

Table 2: Independent contributors to the explained variation in plasma leptin concentration on
stepwise regression analysis.

Fat mass
sTNF-receptor 55
HRCT-score
Fat-free mass index
Oral corticosteroid use

(kg)
(ng/ml)
(0-120)
(kg/nv)
(no/ves)

Cumulative R*
0.46
0.64

p-value
<0.001
<0.001

0.728
0.717
0.432

R": coefficient of determination.
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Figure 2: After adjustment for fat mass and oral corticosteroid use, leptin concentration is
significantly related to soluble TNF-receptor 55 in emphysema (figure 2a; upper panel;
r=0.81, p<0.001), but not in chronic bronchitis (figure 2b; lower panel; r=0.29, p=0.369).

Prospecrively, 17 male patients with COPD suffering from depletion of body weight
and/or FFM were studied. In this group, meow flSVJj age amounted to 65 (7) years, BMI
19.4 (2.1) kg/nr, FFM 44.5 (5.0) kg, FM 13.9 (6.5) kg, FEV, 30 (10) %pred and DLco
37 (14) %pred. In these patients the DLco, as a less precise measure of the extent of
emphysema, was comparable to the DLco of the patients with emphysema described in
the cross-sectional study and significantly lower than in the bronchitic patients (p<0.05).
It is known that HRCT assessment of emphysema highly correlates with the DLco. In the
study of Lamers et al., (1998) a high prevalence (93%) of HRCT-scored emphysema was
observed in patients with a DLco <50% of predicted and a low prevalence (19%) in
patients with a DLco >50% of predicted. Furthermore, DLco (% of predicted)
significantly inversely correlated with the HRCT emphysema score (26). Mean weight
gain after eight weeks of nutritional supplementation was 2.9 (2.7) kg, consisting of 1.6
(2.0) kg FFM.
In most patients (10/17) leptin concentrations were undetectable. Serum glucose amounted
up to meow flS7)j 6.2 (1.0) mmol/1. Similar to the cross-sectional study, maintenance
medication in the majority of patients consisted of theophylline, (inhaled) I^-agonists and
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inhaled corticosteroids. Furthermore, 9/17 patients were using low dose systemic
corticosteroids (prednisone slO mg/day). No differences in leptin, sTNF-receptors or
glucose were seen between patients who were on oral corticosteroids and patients who
were not.
Figure 3 shows that mean dietary intake before the start of the nutritional intervention was
logarithmically inversely related to baseline leptin concentration divided by FM (r=-0.50,
p=0.047) while no relationship was found between REE and leptin. Baseline leptin, also
divided by FM, was in turn logarithmically inversely related to the body weight change
(but not specifically to the changes in FFM or FM) reached after eight weeks of
nutritional intervention (r=-0.60, p=0.017; figure 4). The discrepancies in the number of
subjects in figures 3 and 4 can be addressed to the fact that in 1/17 patients dietary intake
was not assessed and in 2/17 patients the change in body weight was not measured.

005 0 10

l.eptm fat mass (ng/ml*kg)

Figure 3: Inverse relationship between dietary intake before nutritional therapy and baseline plasma
leptin concentration divided by fat mass in depicted patients with COPD (r=-0 50,
p=0.047).

Discussion
This is the first clinical study showing that enhanced concentrations of leptin are related
to pro-inflammatory status in patients with COPD. A significant relationship between
plasma concentrations of leptin and sTNF-R55 adjusted for fat mass and oral
coiticosteroid use was found, particularly in the emphysematous sub-type. Subsequently
in a group of depleted emphysematous patients with COPD. baseline leptin concentration
was in turn inversely related to baseline dietary intake as well as to the weight change
after eight weeks of nutritional intervention.
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Figure 4: Inverse relationship between the change in body weight after 8 weeks of nutritional therapy
and baseline plasma leptin concentration divided by fat mass in depleted patients with
COPD (r=-0.60. p=0.017).

Leptin was found to be associated with FM in line with the reported feed-back mechanism
involved in the regulation of FM. Since plasma leptin was unrelated to FFM1 (as a
measure of functional tissue depletion), it appears that this feed-back mechanism does not
consider global body composition in patients with COPD. We were however not able to
compare leptin levels in COPD with normal leptin levels, since we did not include a
healthy age-matched control group. The difference in plasma leptin between emphysema
and chronic bronchitis was expected because of significant differences in FM. The lower
leptin levels in emphysema could be related to the higher dietary intake revealed in this
sub-group, according to the normal feed-back mechanism of fat mass by leptin. The fact
that dietary intake was increased in the patients with emphysema, despite a similar REE
and prevalence of recent weight loss compared to the patients with chronic bronchitis,
could be explained by an increased 'wasting' of energy related to a -previously reported-
increased activity-related energy expenditure (27).

The fact that FM could only partly explain the variation in leptin concentrations suggests
that other factors might be involved. In this study we identified a significant relationship
between leptin and sTNF-R55 concentrations in patients with COPD after adjustment for
FM and oral corticosteroid use. Further indications for involvement of inflammation in
the pathogenesis of weight loss in COPD are given by observations of others. Using an
immuno-radiometric assay, di Francia et al. demonstrated elevated TNF-a concentrations
in serum of patients with COPD suffering from weight loss compared to weight-stable
patients (13). In contrast de Godoy, using an EL1SA assay which measured only biologi-
cally active TNF-a, did not find differences in TNF-a serum concentrations between
weight-losing and weight-stable patients with COPD (14). The TNF-a production of
peripheral monocytes of patients with recent weight loss was however enhanced after
stimulation with lipopolysaccharide (LPS) when compared to weight-stable patients with
COPD and control subjects (14).
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Chapter •/

The reason for the discrepancy between the correlations between leptin and sTNF-R55
and leptin and sTNF-R75 is unclear, but other studies from our group have shown similar
results. In lung cancer, patients who exhibited a weight loss > 10% tended to exhibit a
higher level of sTNF-R55 compared with patients with weight loss <10% (p=0.06), while
there was no difference in sTNF-R75 levels. In accordance, the percentage of weight loss
was significantly correlated with sTNF-R55 (r=0.59, p=0.02) but not with sTNF-R75 (28).
In another study in lung cancer, plasma sTNF-R55 was significantly higher in patients
with a REE > 110% of the Harris and Benedict prediction equations and suffering from
recent weight loss, while plasma sTNF-R75 was not different (29). So it seems that sTNF-
R55 and sTNF-R75 exert some differential effects on weight maintenance and energy
balance; sTNF-R55 has shown to be related to both dietary intake and metabolic
parameters such as weight loss and REE, while sTNF-R75 has not. In addition, sTNF-R55
may be more sensitive to metabolic changes than sTNF-R75.

Experimental animal studies have provided evidence for a link between pro-inflammatory
cytokines and leptin. Cytokine treatment (TNF-a, IL-1) of fasted hamsters increased
concentrations of leptin in the circulation and leptin mRNA in adipose tissue. The increase
in circulating leptin concentrations correlated with a decrease in food intake (11). The
hypothesis that cytokine induction of leptin may play a significant role in the anorexia and
cachexia of inflammatory diseases was further illustrated by Sarraf showing that
administration of the pro-inflammatory cytokines TNF-a, IL-1 and to a lesser extent
leukemia inhibitory factor produced a prompt and dose-dependent increase in serum leptin
and leptin mRNA expression in the adipose tissue of mice. In contrast, the cytokines IL-
10, IL-4 and ciliary neurotrophic factor, not known to induce anorexia or a decrease in
intake, did not affect leptin gene expression or serum leptin concentrations (12). No data
are available yet on leptin mRNA expression in FM of patients suffering from cachexia.
Furthermore it should be pointed out that leptin gene expression may be different between
rodents and humans.

On the opposite end of the energy balance spectrum, recent data have suggested a key role
for TNF-a in the insulin resistance of obesity and of non-insulin dependent diabetes
mellitus (NIDDM) (30). In humans, a strong positive correlation was found between the
degree of obesity based on the BM1, hyperinsulinemia and relative TNF-a mRNA
concentrations in adipose tissue (31). The results of another recent study did however not
reveal a significant relationship between individual insulin sensitivity on the one hand and
circulating concentrations of TNF-a and leptin on the other in patients with offspring
NIDDM (32). No significant relationship was found between leptin and TNF-a in these
patients in contrast to the findings of our group. Based on the present study, we can not
exclude an influence of alterations in insulin sensitivity, possibly induced by oral
corticosteroid therapy, on the observed relationship between sTNF-receptors and leptin
in patients with COPD. Jacobsson et al. reported nevertheless that insulin resistance was
not exhibited by patients with advanced COPD compared to healthy subjects (33).

A substantial proportion of patients used oral corticosteroids as maintenance medication.
Reports concerning the effects of oral corticosteroid use on leptin are contradictory. Two
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days of oral corticosteroid administration (dexamethasone; 1.5 mg/day) in healthy subjects
resulted in significantly increased serum concentrations of leptin, due to enhanced leptin
messenger RNA concentrations, and of insulin, but not of serum glucose (34). In addition,
another study reported that administration of dexamethasone during four days (2.5
mg/day) to healthy lean and obese subjects induced a significant increase in plasma leptin
concentrations. Furthermore, significant correlations between the change in plasma leptin
on the one hand and BMI, baseline plasma leptin and plasma dexamethasone
concentrations on the other were revealed (35). hi lean healthy male volunteers, Tataranni
investigated whether acute intravenous administration of glucocorticosteroids (methyl-
prednisolone; 125 mg) or prolonged oral treatment (40 mg/d during 4 days) affected
plasma leptin concentrations. Acute administration had no effects on insulin, free fatty
acids (FFA) or leptin concentrations as compared to placebo, while prolonged
administration significantly increased fasting concentrations of insulin, but not of glucose,
FFA or leptin (36). In the cross-sectional part of this study we found no influence of
prolonged oral corticosteroid use on the relation of leptin with FM c.q. sTNF-R55. Also
concentrations of leptin and sTNF-receptors were comparable between patients using
prednisone or not. In the prospective study, no differences in leptin, sTNF-receptors or
glucose were seen between patients who were on oral corticosteroids and patients who
were not. . . , ;<
Another well-known effect of chronic use of glucocorticoids is shifting in body fat
distribution towards a higher visceral fat compartment. Visceral adiposity has furthermore
been associated with increased serum leptin concentrations in healthy male subjects, in
contrast to females (37). In the cross-sectional study indeed a significant, positive
relationship was established between the proportion visceral fat and leptin, but no
influence of chronic oral corticosteroid use on fat distribution was seen.
Overall, on base of the present study, the impact of the presumed effects of oral
corticosteroids on leptin metabolism and the relationship between leptin and sTNF-
receptors appear marginal.

The etiology of the systemic inflammation in patients with COPD is unknown. In our
study group the relation between leptin and sTNF-R55 was stronger in the patients with
emphysema compared to those with chronic bronchitis. This difference could be related
to a larger proportion of depleted patients or to other factors in the pathophysiology of the
disease such as chronic or intermittent hypoxemia. Ghezzi and co-workers previously
demonstrated that LPS-stimulated human monocytes increased their release of TNF-cc and
IL-1 during hypoxia (38). More recently, Hempel showed that hypoxia also caused
significant changes in the LPS-stimulated release of the cytokines TNF-a and IL-ip by
the human alveolar macrophage. These changes could be mediated by an altered synthesis
of anti-inflammatory prostaglandins (PG), i.e. PG-E2, or by a direct effect of hypoxemia
on gene regulation due to changes in cell oxidant tone (39). In addition, in patients with
chronic bronchitis, the FM was significantly higher than in emphysema, so in this sub-
group of patients the relation between FM, leptin and dietary intake is probably less
disturbed by the presence of a systemic inflammatory response. We recognize however
that the relationship between leptin and systemic inflammation may also be related to the
nutritional status which was better in the bronchitic than in the emphysematous patients.
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The results of this study may have important therapeutic implications. Despite an overall
positive effect of nutritional support on body composition and functional performance in
depleted patients with COPD, we and others have reported that a proportion of the
patients did not respond to this treatment (40). Based on the present findings it may be
argued whether oral nutritional support alone is an appropriate treatment strategy in part
of the depleted patients with COPD suffering from anorexia due to the presence of a
systemic inflammatory response. In line with this hypothesis we showed in a sub-group
of predominantly emphysematous depleted patients with COPD that baseline plasma
leptin concentrations were inversely related to baseline dietary intake and to the change
in body weight after eight weeks of nutritional therapy. Further longitudinal studies are
indicated to confirm this proposed cytokine-leptin hypothesis in pulmonary cachexia
which may then open a novel approach to combat this significant co-morbidity in COPD.
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Abstract
Previously we reported an impaired energy balance in patients with COPD during an
acute disease exacerbation, but limited data are available on the underlying
mechanisms. Experimental and clinical research supports the hypothesis of
involvement of the hormone leptin in body weight and energy balance homeostasis.
The aim of this study was to investigate the course of the energy balance in relation to
leptin and the soluble TNF-receptors (sTNF-R) 55 and 75, plasma glucose and serum
insulin in patients with severe COPD during the first seven days of hospitalization for
an acute exacerbation (n=17, 11 men, age mean fS/;j 66 (10) y, FEV, 36 (12) %pred).
For reference values of the laboratory parameters, blood was collected from 23 (16
men) healthy, elderly subjects. On admission, the dietary intake/REE ratio was
severely depressed (1.28 (0.57)), but gradually restored till day seven (1.65 (0.45),
p=0.005 vs. day one). Glucose and insulin concentrations were elevated on admission,
but on day seven only plasma glucose was decreased. The sTNF-Rs were not different
from healthy subjects and did not change. Plasma leptin, adjusted for fat mass
expressed as % of body weight (%FM), was elevated on day one compared to healthy
subjects (1.82 (3.85) vs. 0.32 (0.72) ng*%/ml, p=0.008), but decreased significantly till
day seven (1.46 (3.77) ng*%/ml, p=0.015 vs. day one). On day seven, sTNF-R55 was,
independently of %FM, correlated with the natural logarithm (LN) of leptin (r=0.65,
p=0.041) and with plasma glucose (r=0.81, p=0.015). In addition, the dietary
intake/REE ratio was not only inversely related with LN leptin (-0.74, p=0.037), but
also with STNF-R55 (r=-0.93, p=0.001) on day seven. In conclusion, temporary
disturbances in the energy balance were seen during an acute exacerbation of COPD.
related to increased leptin concentrations as well as to the systemic inflammatory
response. Evidence was found that the elevated leptin concentrations were in turn
under control of the systemic inflammatory response, and, presumably, the high-dose
systemic glucocorticosteroid treatment.

Introduction
The frequent occurrence of weight loss and subsequent tissue depletion in patients
with chronic obstructive pulmonary disease (COPD) is associated with an increased
morbidity and even mortality (1). In addition, several reports have provided evidence
that weight loss negatively affects the prevalence and outcome of acute disease
exacerbations of COPD. The risk of being hospitalized for an acute exacerbation was
increased in patients with a low body mass index (BMI; body weight/height) (2). A
low BMI and weight loss were reported as an unfavorable index of outcome during an
exacerbation of COPD. i.e., predicting the need for mechanical ventilation (3).
Furthermore, the survival time following a disease exacerbation was found to be
independently related to the BMI (4).

In a subgroup of patients, weight loss is suggested to follow a stepwise pattern related
to acute disease exacerbations. Previously we reported an impaired energy balance in
patients with COPD during the first days of an acute exacerbation of their disease,
predominantly due to a severely depressed dietary intake and. to a lesser extent, due to
an increased resting energy expenditure (REE) (5). Limited data are however available
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on the underlying disturbances in the (dis-)regulation of the energy balance during an
acute exacerbation of COPD. *s
Previous experimental and clinical research indicate the involvement of leptin in body
weight homeostasis. Leptin is a hormone produced by the adipose tissue and its
circulating concentrations are proportional to amount of fat mass (FM). Leptin
regulates the energy balance in a feedback mechanism in which the hypothalamus is
involved (6). In animals, administration of leptin results in a reduction in food intake
(7) as well as in an increase in energy expenditure (8). In stable depleted patients with
COPD, dietary intake as well as weight gain after nutritional therapy were inversely
related to plasma leptin (9).

The normal leptin feedback mechanism can be disturbed by several factors. In animals,
administration of endotoxin, tumor necrosis factor-a (TNF-cc) or interleukin-1 (IL-1),
inflammatory cytokines known for their anorectic effects, resulted dose-dependently in
an upregulation of leptin mRNA in fat cells and in an increase in circulating leptin
concentrations (10, 11). In stable patients with emphysema, leptin was found to be
positively related to plasma soluble TNF-receptor 55 (9). During an acute exacerbation
of COPD, the involvement of the systemic inflammatory response may even be more
pronounced than in stable patients (12).
Glucocorticosteroids are also reported to stimulate leptin production. They can act on
leptin metabolism in a direct manner (13) or via the induction of insulin resistance,
since glucose and insulin are also able to induce leptin expression (14, 15). The
influence of glucocorticosteroids on leptin metabolism may be of special interest
during acute exacerbations of COPD. Under these conditions, intravenous treatment
with high-dose prednisolone is still part of the medical therapy of the patients, despite
the moderate effects on clinical outcome (16).

For these reasons we hypothesize that disturbances in leptin metabolism underlie the
impaired energy balance during an acute exacerbation of COPD. These disturbances
might be induced by the systemic inflammatory response as well as by the
glucocorticosteroid treatment. The aim of this study was to investigate the course of
the energy balance in relation to leptin and glucose metabolism and the systemic
inflammatory response in patients with COPD hospitalized for an acute exacerbation
of their lung failure. /

Subjects and methods

The patient group consisted of subjects consecutively admitted to the hospital suffering
from an acute exacerbation of COPD. An exacerbation was defined as a recent
increase in dyspnea, cough and sputum production of sufficient severity to warrant
admission to the hospital. The presence of an exacerbation was determined by an
independent chest physician. COPD was defined according to the criteria of the
American Thoracic Society (ATS) (17). Patients were excluded when they were
suffering from concomitant diseases and when their stay in the hospital was less than
seven days. The final study group consisted of 17 patients (11 men). Duration time of
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admission to the hospital was mean f.VZJy 13 (6) days. 14/17 Patients were current or
ex-smokers. The patients were treated with a standard protocol of medication
consisting of nebulized short-acting Bj-sympathicomimetics (salbutamol >20 mg/24 h),
inhaled anticholinergics (ipratropium bromide) and intravenously administered
theophylline and prednisolone. Prednisolone was given in decreasing doses throughout
the exacerbation. The patients received, depending on body weight, 50 or 75 mg/24h
during the first four days of the exacerbation. From day four till day seven, the initial
dose was halved. The plasma theophylline concentrations of the patients fell within the
therapeutic range (/wean (SDJ 10.7 (4.5) mg/ml). In case of a bacterial infection which
was confirmed by a sputum culture (12/17 patients), specific antibiotic therapy was
given. Only one patient had fever on the first day after admisssion to the hospital.
During hospitalization, 11 of the 17 patients were on additional oxygen therapy.
The measurements were performed in the early morning (8.30 a.m.), when patients
were in the fasting state for at least ten hours. The measurements were done at day
one, three, five and seven after hospitalization. The patients received their
bronchodilating medication two to three hours before the measurements started. The
study was approved by the medical ethics committee of the University Hospital
Maastricht and all subjects gave their informed consent.
For reference values of the laboratory parameters, fasting blood was collected from 23
(16 men) healthy, elderly volunteers. They were not exhibiting any acute or chronic
disease nor taking medication that could influence energy or glucose metabolism.

Forced expiratory volume in one second (FEV,), inspiratory vital capacity (IVC) and
peak expiratory flow (PEF) were calculated from the flow-volume curve using a
portable spirometer (Jaeger, Wiirzburg, Germany). Lung function was expressed as
percentage of reference value (18). Blood was drawn from the brachial artery and
arterial oxygen tension (PaCK) and carbon dioxide tension (PaCOj) were analyzed on a
blood gas analyzer (Radiometer, ABL 330, Copenhagen. Denmark).

fioc/y com/ww/f/ow
Body height was determined to the nearest 0.5 cm (Lameris, WM 715, Breukelen. The
Netherlands) with subjects standing barefoot. Body weight was assessed to the nearest
0.1 kg using a digital weighing chair while subjects wore light clothing and no shoes.
Body composition was estimated using single frequency (50 kHz) bio-electrical
impedance analysis (Xitron technologies Inc., San Diego, CA, USA) while subjects
were in supine position. FFM was calculated using the disease-specific equation of
Schols et al. (19). In the healthy volunteers, FFM was calculated from total body water
assessment using the deuterium dilution technique described in the Maastricht protocol
(20). Previously it was established that, in healthy subjects as well as in patients with
COPD, FFM assessed with BIA did not significantly differ from FFM assessed with
the deuterium dilution technique (21). FM was calculated by subtracting FFM from
body weight.
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Habitual dietary intake was evaluated using the diet history method with cross-check.
All interviews were performed by the same trained dietician. On the day of admission
to the hospital (day zero) and during hospitalization, dietary intake was registered by
use of dietary records and an automated food distribution system. The patients had the
opportunity to choose their menus. The daily 500 ml infusion solution contained 5%
glucose which is equivalent to 100 kcal/day. This amount of energy was incorporated
in the calculations of the daily dietary intake in the hospital. The food composition
data were coded for computer energy and nutrient analysis. The database was derived
from the Dutch food composition tables (22).
REE was measured by an open circuit indirect calorimetry system using a ventilated
hood (Oxycon Beta*; Jaeger, Wurzburg, Germany). The system was calibrated daily at
the start of the experiment, while the accuracy was regularly assessed using a methanol
combustion test. Patients had a period of at least 30 minutes bed rest prior to the
measurements started. When patients were on additional oxygen during the
hospitalization, the oxygen was temporarily withdrawn 30 minutes before and during
the measuring of REE. The patients were comfortably lying on a bed in supine position
allowing them to watch television. REE was calculated from oxygen consumption
(V'Oj) and carbon dioxide production (VCO2) using the abbreviated Weir formula
(23). REE was compared with the reference values (24).

For the measurement of glucose, blood was collected in an evacuated blood collection
tube containing heparin and centrifuged by 4000 rpm for 5 minutes at 4 °C. After
separation from the blood cells, tri-chloride acetic acid was added to the plasma. The
suspension was vortexed and stored at -70 °C until analysis by enzymatic, fluorimetric
specrrophotometry (Cobas Mira*; Hoffmann-La Roche, Basel, Switzerland). To assess
insulin, blood was collected in an evacuated coagulation tube and centrifuged for 15
minutes at 3000 rpm. Serum was collected and stored until assessment using a radio-
immuno assay.
An evacuated tube containing EDTA (Sherwood Medical, St Louis, Missouri, USA)
was used to collect blood for the measurements of the inflammatory parameters and
leptin. Plasma was separated from blood cells by centrifugation at 1000 G for 10
minutes within 2 h after collection. Separated plasma was again centrifuged at 1000 G
for 10 minutes. Plasma samples were stored at -70 °C until analysis. C-reactive protein
(CRP), sTNF-R55, sTNF-R75 and interleukin-6 (IL-6) were measured using sandwich
enzyme-linked immunosorbent assay (ELISA) as described previously (25). Plasma IL-
6 concentrations were measured using the murine anti-human IL-6 antibody 5E1
(developed in our laboratory). Diluted plasma samples (1/1) and the standard titration
curve with recombinant IL-6 were added to the immunoassay plates (Nunc-lmmuno
Plate Maxisorp, Roskilde, Denmark). The amount of IL-6 bound to the wells was
quantified by sequential incubation with a polyclonal rabbit anti-IL-6 antibody,
followed by adding peroxidase conjugated goat anti-rabbit igG and substrate. The
lower detection limit of IL-6 was 0.01 ng/ml. IL-6 was not measured in the plasma of
the healthy volunteers. Plasma leptin was measured with a double antibody sandwich
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ELISA (BioVendor Laboratory Medicine Inc., Brno, Czech Republic). The wells were
pre-coated with anti-human leptin antibody. After a thorough wash, anti-human leptin
antibody labeled with horseradish peroxidase (HRP) was added to the wells and
incubated with the immobilized antibody-leptin complex. Following washing, the
remaining HRP-conjugated antibody was allowed to react with the substrate
tetramethylbenzidine. The reaction was stopped by adding an acidic solution.
Absorbency was measured spectrophotometrically at 450 run using a micro ELISA
autoreader. The lower and upper limits of detection were respectively 0.2 and 50
ng/ml. The intra- and inter-assay variation was 6% and 9% respectively.

For comparisons within the individual between day one, three, five and seven of the
exacerbation, the paired t-test was used. The Bonferroni correction was applied to
correct for the multiple comparisons that were performed. Since per time point three
comparisons were done, significance was determined at a p-value of 0.017 (=0.050/3).
For dietary intake, five comparisons per time point were done, so significance was
determined at a p-value of 0.010 (=0.050/5). Differences between healthy volunteers
and patients with COPD on day one and seven of the exacerbation respectively were
compared using a Student's t-test for independent samples, if the data were normally
distributed and equal variances could be assumed. Otherwise, non-parametric analysis
(Mann-Whitney U test) was performed. Significance was determined at a p-value of
0.05. Plasma leptin was logarithmically transformed by calculating its natural
logarithm (LN leptin) for use in correlation and regression analysis. Pearson's product
moment correlation coefficients on the metabolic and inflammatory parameters were
calculated on day one and day seven respectively. In order to adjust for sex, age and,
when appropriate, FM expressed as percentage of body weight (%FM), partial
correlation analysis was performed. In order to investigate which factor(s) could
significantly explain the variation in dietary intake/REE ratio on day one and on day
seven of the exacerbation, linear stepwise regression analysis was done. Data were
expressed as meow Ŝ7J>> in the text and tables and as meow (CSVs'A/,) in the graphs. Data
were analyzed according to the guidelines of Airman et al. (26) using SPSS/PC+
(Statistical Package for the Social Sciences, version 7.5 for Windows, SPSS Inc.,
Chicago, IL, U.S.A.).

Results

The characteristics of the patients with COPD on day one after admission to the
hospital for an acute exacerbation are shown in table 1. Although mean BM1 was
normal, the FFM-index (FFM1; FFM/height~) was just above the minimum normal
value. Lung function was significantly impaired; on base of the FEV,, the patients
could be considered as having severe COPD. While PaOj was decreased compared
with normal, no signs of hypercapnia were seen.
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Table 1:

n

Characteristics of the study
acute exacerbation of COPD
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Body mass index
Fat-free mass index
Fat mass
FEV,
IVC
PEF
PaO,
PaCO-
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(% bodv weight)
(%predj
(%pred)
(%pred)
(kPa)
(kPa)

66
24.3
16.0
33.6
36
70
41
8.6
59

(10)
(4.4)
(2.5)
(6.9)
(12)
(24)
(14)
(1.4)
(0.8)

o///?e parameters
Energy balance
Figure 1 shows the habitual dietary intake and the course of dietary intake and REE
during the exacerbation. Dietary intake at the day of admission (day zero) was severely
decreased when compared with the habitual intake of the patients, but gradually
increased during the course exacerbation. At day seven it was even higher than the
habitual dietary intake. REE decreased from day one to day seven, but in absolute
terms the drop was not significant. Also when expressed as percentage of predicted,
the decrease in REE from day one till day seven of the exacerbation was not
significant and the patients remained hypermetabolic (115 (11) vs. 109 (12)%pred,
NS). Mean dietary intake/REE ratio increased from 1.28 (0.57) at day one to 1.65
(0.45) at day seven (p=0.005).

3700 [-
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p=0010

habitual admission day 1 day 3 day S day 7

Figure 1: Habitual dietary intake and the course of dietary intake (solid line) and resting energy
expenditure (dashed line) during the first seven days of an acute exacerbation of
COPD Data are expressed as mean (SEM).
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Glucose and insulin
Plasma glucose at day one of the exacerbation was significant higher than in the
healthy subjects (p<0.001). Thereafter, it gradually decreased in such a way that on
day seven it was lower than on day one and the difference with the healthy subjects
group was eliminated (figure 2). The pattern of serum insulin during the exacerbation
was similar to that of plasma glucose; however, no significances in the drop in insulin
could be achieved. On day one as well as one day seven serum insulin was elevated
compared with the healthy subjects (p<0.001) (figure 2).

p-O.OOS

day 1 day 3 day 5 day 7

Figure 2: Course of plasma glucose (solid line) and serum insulin (dashed line) during the first
seven days of an acute exacerbation of COPD. Data are expressed as mean (SEM).
Horizontal lines: mean plasma glucose (solid line) and mean serum insulin (dashed line)
in healthy, elderly subjects.

Inflammatory parameters and leptin
A temporary increased acute phase protein response (APPR) was seen during the
exacerbation. At day one of the exacerbation, plasma CRP was elevated compared
with the healthy subjects (33.3 (25.9) ug/ml vs. 9.0 (16.0) ug/ml, p<0.001). Already on
day three, CRP was dropped to 15.3 (17.6) ug/ml (p=0.010 vs. day one) and did no
longer differ from healthy subjects. CRP on day seven amounted up to 11.7 (15.9)
ug/ml (p 0.016 vs day one).
No differences were seen in the concentrations of sTNF-R55 and R75 between patients
with COPD on day one and seven compared with the healthy subjects. The TNF-
receptors did not drop during the exacerbation. Instead, sTNF-R55 showed a
temporary rise from day one to day three, that already was eliminated at day five
(figure 3). 1L-6 concentrations were low in the patient group and no changes were seen
throughout the exacerbation (day one: 0.28 (0.54) vs. day seven: 0.11 (0.11) ng/ml,
NS).
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Figure 3: Course of plasma soluble TNF-receptor 55 (solid line) and 75 (dashed line) during the
first seven days of an acute exacerbation of COPD. Data are expressed as mean
(SEM). Horizontal lines: mean plasma soluble TNF-rcceptor 55 (solid line) and 75
(dashed line) in healthy, elderly subjects.

Compared with its concentration in the healthy subjects (12.5 (33.8) ng/ml), plasma
leptin was significantly higher in the patients with COPD on day one and still on day
seven of hospitalization (76.8 (190.5) ng/ml, p=0.006 and 62.2 (180.8) ng/ml, p=0.017
respectively vs. healthy subjects). Leptin decreased gradually throughout the
exacerbation. After dividing leptin by %FM, the same pattern was seen (figure 4).
Leptin/%FM was significantly elevated on day one and nearly significantly increased
on day seven compared to the healthy subjects (p=0.008 and p=0.018 respectively).

p-0.015

1 00 |-
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Figure 4: Course of plasma leptin divided by fat mass (as % of body weight) during the first
seven days of an acute exacerbation of COPD Data are expressed as mean (SEM)
Horizontal line: mean plasma leptin divided by fat mass (as % of body weight) in
healthy, elderly subjects.
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No differences in the course of the energy balance, glucose and insulin concentrations,
inflammatory mediators or leptin during the exacerbation were observed between
patients with and without a bacterial infection confirmed by sputum culture.

To further elucidate the proposed regulation of leptin and the energy balance,
correlation analysis was performed on %FM, glucose, insulin, LN leptin, sTNF-R55
and R75 and dietary intake/REE ratio on day one and seven of the exacerbation.

On day one of the exacerbation, no significant correlations could be revealed between
any of the parameters. In contrast, on day seven of the exacerbation, LN leptin
positively correlated with %FM after correcting for the influences of sex and age (table
2). In addition, LN leptin was found to be positively correlated with sTNF-R55, but
not R75, after correction for sex, age and %FM (table 2).
Furthermore, a significant correlation coefficient was revealed between plasma glucose
and %FM, after correction for sex and age, at day seven of the exacerbation of COPD
(table 2). Plasma glucose was also correlated with sTNF-R55 on day seven after
adjusting for the influences of sex, age and %FM (table 2).

Table 2: Correlation analysis to elucidate the regulation of leptin and glucose metabolism on day
seven of an acute exacerbation of COPD

Fat mass (% body weight)
Glucose
Insulin
Soluble TNF-rcccptor 55
Soluble TNF-receptor 75

Natural logarithm
of leptin
r=O73, p=0.010
NS
NS
r=0.65. p=0.041
NS

Glucose
r=0.71,p=0.022

NS
r=0.81,p=0.015
NS

Insulin

NS
NS
-
NS
NS

Correlation coefficients are given after correction for the influences of sex, age and. when appropriate,
fat mass (as % of body weight) by partial correlation analysis. No significant correlation coefficients
between the parameters were found on day one of the exacerbation.

On day seven of the acute exacerbation of COPD, the dietary intake/REE ratio was
found to be inversely correlated with the natural logarithm of plasma leptin on the one
hand and with the plasma concentration of the sTNF-receptor 55 on the other after
correcting for sex, age and %FM. The respective scatter plots are shown in figure 5a
and 5b. Since both LN leptin and sTNF-R55 were correlated with dietary intake/REE
ratio, we performed a stepwise regression analysis with sex, age, %FM, glucose,
insulin, LN leptin, sTNF-R55 and sTNF-R75. This elucidated that sTNF-R55
significantly explained 66% of the variation in energy balance on day seven of the
exacerbation (p=0.009), while the other parameters were excluded from the model.
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Figure 5: Scatter plot of the dietary intake/resting energy expenditure ratio against the natural
logarithm of plasma leptin (5a; upper panel) and against plasma soluble TNF-receptor
55 (5b: lower panel) at day seven of an acute exacerbation of COPD Respective
correlation coefficients after adjusting for the influences of sex, age and fat mass (as %
of body weight): -0.74 (p=0.037) and -0.93 (p=0.001).

Discussion
Until now, little is known about the mechanisms underlying the energy imbalance in
patients with COPD. The present study was performed in order to make a first attempt
to unravel the factors contributing to the disturbed energy balance in patients with
COPD suffering from an exacerbation. Therefore, the course of the energy balance in
relation to leptin and glucose metabolism and the systemic inflammatory response
were investigated during the first seven days of hospitalization for an acute
exacerbation of COPD.

According to the study by Vermeeren et al. (5), the patients exhibited a severely
depressed dietary intake compared with habitual on the day of admission to the
hospital. Intake gradually restored during the course of the exacerbation. The elevated
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REE decreased slightly, but remained above normal. Nevertheless, the dietary
intake/REE ratio increased throughout the exacerbation from 1.3 on day one up to 1.7
on day seven. The fact that the latter value was equal to the total daily energy
expenditure corrected for REE in stable COPD (27), indicates that the energy balance
was restored on day seven.
Leptin divided by %FM was relatively high during the first days of the exacerbation,
when intake was low, and decreased thereafter, together with the gradual rise in intake.
On day seven of the exacerbation, the dietary intake/REE ratio was inversely
correlated with LN leptin. This finding was in line with the suggested role of leptin in
the regulation of the energy balance (6) and with the involvement of leptin in anorexia
in stable COPD (9). The fact that no relation was seen between leptin and intake at day
one, may indicate that the normal leptin feedback mechanism regulating food intake
was completely disturbed during the first days of the exacerbation.
In addition to the inverse relationship between LN leptin and intake, we also revealed a
significant, inverse correlation coefficient between dietary intake and sTNF-R55 on
day seven, the latter as a measure of the systemic inflammatory response. This finding
provided further evidence for the involvement of inflammation in anorexia and was in
line with our recent report in which stable, depleted patients with COPD with a low
caloric intake exhibited higher plasma concentrations of the sTNF-receptors (28).
Animal studies have reported that administration of inflammatory mediators like
endotoxin, TNF-cc or IL-la indeed induced anorexia and cachexia in animals (29).
Furthermore, evidence exists for the involvement of the systemic inflammatory
response in weight loss and hypermetabolism in COPD (30-32). Since both LN leptin
and sTNF-R55 were inversely correlated with dietary intake/REE ratio, a stepwise
regression analysis was performed, the finding that sTNF-R55 significantly explained
66% of the variation in energy balance on day seven of the exacerbation, while LN
leptin was excluded, may indicate that the influence of leptin on energy balance was
under control of the systemic inflammatory response.

In accordance with the normal mechanism of leptin regulation (6), LN leptin was
found to be correlated with %FM on day seven of the exacerbation. The fact that no
such relation was seen at day one of the exacerbation probably indicated a temporary
dissociation, related to the exacerbation, of the normal feedback regulation of leptin by
FM. Mean leptin corrected for %FM significantly decreased throughout the
exacerbation. However, its plasma concentration was not only at day one, but until day
seven, elevated compared with the healthy, elderly subjects.
The elevated leptin concentrations during the exacerbation likely represented an
upregulation of leptin mRNA resulting in an enhanced leptin production, which could
have been be induced by several factors. Independently of %FM, a positive correlation
between LN leptin and the plasma concentration of sTNF-R55 was seen in patients
with COPD on day seven of the exacerbation. This finding gives further evidence for
an inflammation-related disturbance in leptin metabolism in COPD. Previously we also
reported in clinically stable patients with emphysema, in a cross-sectional study
design, a positive correlation between leptin and sTNF-R55 (9). In patients with solid
tumors, infusion of TNF-a resulted in a transient increase in serum leptin
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concentration (33). Administration of recombinant human 1L-Ia to cancer patients also
increased leptin concentration dose-dependently, accompanied by a decrease in
appetite in the majority of the patients (34).
Controversial results on the relationship between IL-6 and leptin in acute illness are
reported in the literature. We revealed very low IL-6 concentrations in the present
study, unrelated with leptin and not changing during the exacerbation. Bomstein et al.
revealed that IL-6 and leptin concentrations were dramatically elevated in critically ill
patients suffering from acute sepsis compared to healthy subjects (35). In the study of
Torpy et al., also elevated leptin and IL-6 concentrations were seen in critically ill
patients suffering from sepsis. However, leptin inversely correlated with IL-6,
suggesting that the leptin hypersecretion was not under the influence of IL-6 (36). This
was confirmed by a study of Faggioni, in which turpentine was able to increase leptin
in IL-6-non-deficient mice, but also in IL-6-deficient mice. Oppositely, leptin could
not be induced in IL-1-deficient mice, but only in IL-1 -non-deficient mice (37). In two
other investigations from our laboratory, using the same measurement techniques and
plasma handling as in our study, elevated IL-6 concentrations were reported in acute
disease (sepsis and hemorrhagic shock syndrome after surgery respectively) (38,39).
So the low IL-6 concentrations found in the present study could not be attributed to
inappropriate measurement techniques, but probably to the disease severity; an acute
exacerbation of COPD was likely not able to induce prompt increases in IL-6,
oppositely to sepsis and shock. Taking together the available studies in the literature
with our own finding of very low IL-6 concentrations, unrelated to leptin, in patients
suffering from an acute exacerbation of COPD, 11-6 does not seem to exert a great role
in the enhancement of leptin secretion, opposite to IL-1.

A second reason for the high leptin concentrations might have been the high dose
glucocorticosteroid treatment. The course of plasma leptin seemed to mimic the
scheme of prednisolone administration. The first days, during which the patients
received the highest dose of prednisolone, leptin was high. Thereafter, lower leptin
concentrations were seen, together with the tapering off of the glucocorticosteroid
treatment. Glucocorticosteroids in high doses are indeed reported to stimulate leptin
production. Two days of oral dexamethasone administration to healthy volunteers
increased serum leptin as well as the presence of leptin mRNA in abdominal and
gluteal adipose tissues (13).
Glucocorticosteroids in therapeutic doses have a stimulating effect on leptin
concentrations via the induction of insulin resistance (40), since glucose and insulin
are also able to induce leptin expression. In lean mice, glucose injection resulted in an
increase in plasma glucose and in an upregulation of leptin mRNA, independently of
age, nutritional state and plasma insulin (14). Also injection of insulin in fasted rats
induced leptin gene expression (41). At the level of adipose tissue and muscle,
glucocorticosteroids antagonize insulin-mediated uptake and utilization of glucose and
also exert a permissive effect on lipolysis by promoting the activation of the cAMP-
dependent hormone-sensitive lipase, a key enzyme inhibited by insulin (42). Insulin
resistance seemed indeed to be present during the exacerbation, predominantly based
on the high insulin concentrations and to a lesser extent on base of the temporary
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increased glucose concentrations. It is therefore plausible that the kinetics of glucose
and insulin during the exacerbation were (partly) related to the tapering off of the
systemic prednisolone treatment.
Other medications that were prescribed to our patients during an acute exacerbation of
COPD might also have affected leptin metabolism. Little is reported about the effect of
theophyllines on leptin; only one study suggests that leptin release is attenuated by
theophylline-like substances (43). More is known about the effects of adrenergic
stimulation on leptin metabolism. However, no studies have been performed with
specific B2-adrenergic stimulants like salbutamol, but only with non-selective B-
agonists. Intravenous infusion of isoprenaline (a B, 2-agonist) in young, lean, healthy
volunteers resulted in a maximal suppression of plasma leptin of 20% of baseline
values after 2h. In the recovery period of lh, leptin concentrations rapidly returned to
baseline values (44). It must be noted that in the present study, the patients received
salbutamol by nebulizer and not intravenously. So, probably relatively little active
substance might have reached the systemic circulation. With respect to the very high
leptin concentrations, it is likely that other factors, like an inflammatory response
and/or the high dose oral glucocorticosteroid treatment, overruled the influence of
treatment with B2-sympathicomimetics and/or theophyllines on leptin metabolism.

Besides the influence of glucocorticosteroids on glucose metabolism, also TNF-a is
known for its role in insulin resistance (45). The concentration of glucose at day one of
the exacerbation was significant higher than in the healthy subjects and gradually
decreased thereafter. In contrast, the elevated insulin concentration did not
significantly decrease. On day seven of the exacerbation, sTNF-R55 was positively
correlated with plasma glucose, independently of the amount of FM. TNF-a, which is
produced in fat and muscle tissue, is known as a potent regulator of glucose
metabolism, decreasing the expression of the glucose transporter GIut4. Expression of
TNF-a in the m. vastus lateralis was found to be fourfold higher in patients with
insulin resistance or non-insulin-dependent diabetes mellitus (NIDDM) than in insulin-
sensitive subjects (46). The correlation between glucose and sTNF-R55 in patients
with COPD on day seven might have been a reflection of disease-specific metabolic
disturbances related to the systemic inflammatory response.

During the first day of the exacerbation an increased APPR was seen: CRP, which is
commonly used in daily clinical practice as a marker of acute inflammation, was
elevated on day one of the exacerbation, but rapidly dropped thereafter. This was
confirmed in another recent study in which CRP, irrespective of the presence of a
proven bacterial or viral infection, could be identified as a marker of acute
exacerbation of COPD, showing a rapid decline after 4-5 days of treatment (47).
In contrast to CRP, plasma sTNF-R55 and R75 were not different between patients
and healthy subjects and did not decrease during the exacerbation. The latter
phenomenon may be due to a lack in response to the high-dose glucocorticosteroid
treatment (48) or to relatively slow kinetics of the TNF-receptors (49). The TNF-
receptors have been suggested to represent a buffer system that prolongs the biological
effects of TNF-a by forming a 'slow-release reservoir'. Compared with circulating
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TNF-a, which was not measured in the present study, the sTNF-receptor
concentrations remain elevated for longer periods of time and are probably of more
value for monitoring pro-inflammatory responses (50).
In the present study, no correlations were revealed between sTNF-R75 and any of the
metabolic parameters. This might be explained by the fact that sTNF-R55 represents
the major soluble form of the TNF-receptor and, although sTNF-R75 may have a
permissive role, it appears that sTNF-R55 has the primary role in controlling the
cytotoxic effects of TNF-a (50).

Besides its function in weight homeostasis, leptin may also play a protective role in
severe stress states. In leptin-defective mice, in which the T-cell mediated immunity is
decreased for unknown reasons, administration of leptin resulted in a complete
reversion of the immunosuppressive effects of acute starvation. This might be
explained by the fact that leptin, which is low during starvation, can induce
proliferation, differentiation and functional activation of hematopoietic cells and
enhances the production and phagocytic activity of macrophages (51). This protective
effect of leptin was confirmed in two studies in acute sepsis, in which surviving
patients were characterized by higher leptin concentrations than non-survivors (35,
36).
Furthermore, a role for leptin in the regulation of respiration has been suggested. The
respiratory depression of which leptin-deficient, obese mice were suffering from, was
easily restored by administration of leptin (52). Whether these two additional functions
of leptin play a role during an acute exacerbation of COPD, is yet unknown, but
deserves further attention.

In conclusion, temporary disturbances in the energy balance were seen during an acute
exacerbation of COPD, related to increased leptin concentrations as well as to the
systemic inflammatory response. Evidence was found that the elevated leptin
concentrations were in turn under control of the systemic inflammatory response, and,
presumably, the high-dose systemic glucocorticosteroid treatment.
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Abstract •
Weight loss and muscle wasting in COPD adversely affect morbidity and mortality. The
aim of the study was to investigate the efficacy of oral nutritional supplementation therapy
(meaw (SDj 672 (125) kcal/24h) incorporated in an eight-weeks inpatient pulmonary
rehabilitation program in 64 (49 men) depleted or weight-losing, but otherwise clinically
stable, patients with severe COPD (age 65 (9) years, FEV, 35 (14) %pred). Overall,
increases in body weight (2.1 (2.1) kg, p<0.001), fat-free mass (1.1 (2.0) kg, p<0.001) and
serum protein (2.8 (5.0) g/1, p<0.001) were seen. Furthermore, maximal inspiratory mouth
pressure (4 (10) cm HjO, p=0.001), handgrip strength (1.2 (3.1) kg, p=0.004) and peak
work load on an incremental bicycle ergometry test (7(11) W, p=0.001) significantly
improved. Clinically significant improvements in health status, as assessed by the St.
George's Respiratory Questionnaire, on the items symptoms (9(16) points, p<0.001) and
impact (4(15) points, p=0.043) were revealed. 48% Of the patients was on long-term
treatment with low-dose oral glucocorticosteroids as maintenance medication (dose: 7.6
(2.5) mg/24h). Oral glucocorticosteroid treatment significantly impaired the response to
nutritional supplementation therapy with respect to maximal inspiratory mouth pressure,
exercise capacity (peak work load as well as peak lactate/peak work load ratio) and health
status. In conclusion, nutritional supplementation therapy implemented in a pulmonary
rehabilitation program in depleted or weight-losing patients with COPD is effective. Oral
glucocorticosteroid treatment however attenuated the anabolic response.

Introduction
The commonly occurring weight loss and muscle wasting in patients with chronic
obstructive pulmonary disease (COPD) adversely affect respiratory and peripheral muscle
function (1, 2), exercise capacity (3), health status (4) and even survival rates (5),
independently of airflow obstruction. Several factors might be responsible for this
involuntary weight loss and muscle wasting in COPD.
Weight loss can simply be the result of an increased energy expenditure unbalanced by
an adequate dietary intake. In general, the dietary intake of patients with COPD does not
differ from the recommended daily allowances (6). Weight-losing patients exhibited
however a lower dietary intake compared with weight-stable patients with COPD (7).
Also during an acute exacerbation of COPD, a temporary decrease in appetite and dietary
intake was reported, associated with increased subjective sensations of dyspnea and
fatigue (8). In addition, evidence for a relation between an enhanced systemic
inflammatory response on the one hand and relative anorexia on the other was revealed
in patients with COPD (9, 10).
In 26% of the patients with COPD, an increased resting energy expenditure (REE)
adjusted for fat-free mass (FFM) was reported (11). In contrast to the earlier opinion, an
increased REE is not solely the result of an increased oxygen cost of breathing at rest (12).
Other factors have been implicated, such as bronchodilating medication like salbutamol
(13) and an enhanced systemic inflammatory state (14). Besides an increased REE, also
an elevated total daily energy expenditure (TDEE) is reported in patients with COPD
compared with healthy age-matched subjects (15). The variation in TDEE appeared to
reflect differences in the energy expenditure for activities and not in REE, since TDEE
did not differ between patients with a normal REE and those with an increased REE (16).
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Besides a disturbed energy balance, there are also indications for disturbances in the
protein balance. Since selective wasting of FFM despite relative preservation of fat mass
(FM) is reported in COPD (17), a disturbed protein balance can also be present
disproportionately to overall weight loss. At first, it is reported that the daily protein
intake is decreased, especially during the first days of an acute exacerbation of COPD (8).
Secondly, as one mechanism of muscle wasting, a decreased protein synthesis was
reported in underweight patients with emphysema (18). Recently, in normal-weight
patients with stable COPD, in addition an increased protein turnover was found (19).
An enhanced systemic inflammatory response is described as one of the possible causes
of a selectively disturbed protein balance. In patients with COPD with an elevated RF.F.
and an increased C-reacrive protein (CRP), FFM, but not body weight, was decreased
together with elevated concentrations of the inflammatory mediators LPS-binding protein,
interleukin 8 and soluble TNF-receptors 55 and 75 compared with those with normal CRP
concentrations (20). Decreased concentrations of anabolic hormones might further
aggravate the failure to generate the stimulus needed for an anabolic response, i.e. muscle
anabolism. Indeed low levels of testosterone are reported in COPD, which were even
more pronounced in patients on oral glucocorticosteroid (GC) therapy (21). Long-term,
low-dose systemic GCs are still prescribed as maintenance anti-inflammatory medication
in a substantial number of patients with COPD. Chronic use of oral GCs can further
contribute to weakness and wasting of both the respiratory and peripheral muscles in
patients with severe COPD (22).

Several attempts have been made to reverse weight loss and muscle wasting in patients
with COPD by instituting oral nutritional therapy. A recent meta-analysis by Ferreira et
al. concluded however that nutritional supplementation therapy had no effect on
improving anthropometric measures, lung function or functional exercise capacity among
stable patients (23). It can be deduced from the above described evidence on protein
balance disturbances, that nutritional therapy in COPD must consist of enough dietary
protein. Furthermore, it has to be combined with an anabolic stimulus, like exercise
training, to enhance improvements in muscle mass and physiological function. The first
aim of the present study was to investigate the effects of oral nutritional supplementation
therapy incorporated in an eight-weeks inpatient pulmonary rehabilitation program on
body composition, muscle function, exercise capacity and health status in depleted or
weight-losing patients with COPD.
No information is available yet whether patients with COPD are indeed able to generate
an anabolic response after nutritional supplementation therapy compared with healthy,
elderly subjects. The second aim of our study was therefore to compare the actual changes
in body weight and FFM during nutritional supplementation with the body weight and
FFM responses that are to be expected in health. For this purpose, we used a computer
simulation model that is build up from large sets of data on body composition, energy
intake and energy expenditure derived from healthy men and women in a large range of
age (24).
Thirdly, we set out to investigate oral maintenance GC treatment as one of the possible
explanations for the problem why patients with COPD are not able to generate an anabolic
response on nutritional therapy. In order to do this, the patients were post-stratified by
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maintenance oral GC use and the efficacy of treatment was compared between users and
non-users of long-term, low-dose oral GCs.

P a t i e n t s a n d m e t h o d s ^. .; , v ; •••,.,.-;

The study group consisted of patients with COPD eligible for nutritional therapy
consecutively admitted to a pulmonary rehabilitation center (Asthma Center Hornerheide,
Horn, The Netherlands). The patients were included if they fulfilled the criteria for COPD
according to the ATS guidelines (25). The FEV, had to be less than 70% of the reference
value and the increase in FEV, after inhalation of a 62-agonist less than 10% of the
reference value. Patients with concomitant confounding diseases such as malignant
disorders, gastrointestinal abnormalities, recent surgery or severe endocrine disorders
were excluded. Only patients in a clinical stable condition (not suffering from a recent
respiratory tract infection) were included in the study. Eligibility for nutritional
supplementation was defined as:
1. Body mass index (BMl; body weight/height) s21 kg/nr and/or
2. FFM-index (FFM1; FFM/heighO =s 15 (?) / < 16 (a") kg/nr and/or
3. BMl s 25 kg/nr and weight loss >5% in one month or > 10% in six months prior

admission to the pulmonary rehabilitation center. . ^
The first criterion was based on the fact that BMl <21 kg/m^ is a generally accepted limit
below which subjects are considered as being underweight. Patients were in addition
selected on the base of a low FFMI, because it has been well established as a limiting
factor for functional performance (3). The third criterion was based on a COPD survival
analysis by Schols et al. in which a BMl threshold value of 25 kg/nr was identified below
which the mortality risk was clearly increased (5). These results were confirmed by the
study of Landbo et al. She also found an increased mortality risk in patients with a BMl
<25 kg/nr, especially when their COPD was severe (FEV, <50 %pred) (26). Since the
patients in our study were characterized by severe COPD and weight-losing patients per
se have a poorer prognosis because they are prone to depletion, patients with a BMl <25
kg/nr suffering from weight loss received in addition nutritional supplementation. The
final study group consisted of 64 patients (49 men; age mea/7 (IS'D,) 65 (9) years) with
severe COPD (forced expiratory volume in one second; FEV,: 35 (14) % of predicted).
The study was approved by the medical ethical committee of the University Hospital
Maastricht and all subjects gave their informed consent.
Almost all patients were ex- or current smokers (97%). A substantial proportion of the
study group suffered from chronic hypoxia (PaO^ <7.3 kPa; 19% of the patients), oxygen
desaturation during exercise (47%) and/or at night (31%). Most of the patients were using
one or more respiratory medications: inhaled/oral short- and long-term B2-
sympathicomimetics (97%), oral theophyllines (67%), inhaled ipratropium bromide (91%)
and inhaled glucocorticosteroids (86%). About half of the patients was on long-term, low
dose oral GCs as maintenance anti-inflammatory medication (table 1).

Lung function
At baseline, FEV, and inspiratory vital capacity (IVC) were calculated from the flow
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volume curve using a spirometer (Masterlab*, Jaeger, Wiirzburg, Germany). Diffusing
capacity for carbon monoxide was determined using the single breath method (Masterlab*,
Jaeger, Wiirzburg, Germany) and corrected for alveolar volume (Kco). Lung functional
parameters were expressed as percentage of reference values (27). Blood was drawn from
the brachial artery while the patients were breathing room air. Arterial oxygen tension
(PaO,) and carbon dioxide tension (PaCO,) were analyzed on a blood gas analyzer
(Radiometer, ABL 330, Copenhagen, Denmark).

The following measurements were performed before and after eight weeks of nutritional
i n t e r v e n t i o n . •• ••-' ••••••! • • • u ^ ; - ^ , - . . . - : • • • M I - •: -.••;; ; ; - , a i i . i n - J 5 ni •.*Hiiwi,:

E n e r g y b a l a n c e ' ; • , , . , , , , i - ^ . * : , < . . . . ... . • < , ^ . K

REE was measured in the early morning (8.30 a.m.) by an open circuit indirect
calorimetry system using a ventilated hood (Oxycon Beta*, Jaeger, Wiirzburg, Germany).
The system was calibrated daily before the start of the experiment. The accuracy of the
system was regularly assessed using a methanol combustion test. Patients were in a fasting
state for at least 10 hours and had a period of at least 30 minutes bed rest prior to the
measurements. Patients received their maintenance medication two hours before
measurements started. REE was measured when subjects were comfortably lying on a bed
in supine position. REE was calculated from oxygen consumption (VO2) and carbon
dioxide production (V'COj) using the abbreviated Weir formula (28).
Habitual dietary intake was assessed using the dietary history method with cross check.
All interviews were performed by the same trained dietician. In addition, before and in the
last week of the nutritional therapy, a subgroup of patients (n=48) were asked to register
their food intake during four consecutive days. Dietary intake was calculated by taking the
average intake over four days. The use of dietary records gives a good representation of
the actual consumption of calories because the food intake is averaged over four
consecutive days so day-tot-day variations are largely discarded. The obtained information
from the dietary history and dietary records was coded for computer nutrient analysis. The
nutrient data base was derived from the Dutch food composition tables (29). The dietary
intake/REE ratio was calculated by dividing dietary intake by REE. Total protein,
carbohydrate and fat intake were presented as proportions of total energy intake (energy
%). Total protein intake was also expressed as g/kg body weight/24h.

Body composition
Body height was determined to the nearest 0.5 cm (WM 715, Lameris, Breukelen, The
Netherlands) with subjects standing barefoot. Body weight was assessed with a beam
scale to the nearest 0.1 kg (SECA, Hamburg, Germany) with subjects standing barefoot
and in light clothing. Body weight was, in addition to before and after eight weeks of
nutritional intervention, also measured at week two, four and six. Circumference of the
upper arm was taken with a flexible measuring tape. Skinfold thickness at four sites
(bicipital, tricipital, subscapular and suprailiac) were measured with a skinfold caliper
(Harpenden, Holtain Ltd., Crymych. UK). %FM was estimated from the sum of the
skinfolds using the Durnin tables (30).
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FFM was estimated using single frequency (50 kHz) bioelectrical impedance analysis
(BIA; Xitron technologies, San Diego, U.S.A.). Resistance was measured with subjects
in supine position. FFM was calculated using the disease-specific equation of Schols (31).
For validation of BIA, in a subgroup of patients (n=47), FFM was also assessed using the
deuterium dilution method (32), described in detail elsewhere (10). In short, deuterium
dilution space was calculated from the amount of orally administered deuterium-labeled
water and the urine concentrations before and after complete, overnight distribution. FFM
was calculated assuming a hydration factor of 0.73. At baseline, FFM by BIA was equal
to FFM by deuterium dilution (43.6 (6.4) vs. 42.7 (6.6) kg respectively, NS). Also the
change in FFM after nutritional intervention was similar for the two techniques (0.9 (2.0)
vs. 0.4 (1.8) kg respectively, NS). On Bland and Altman plots, no significant trends in the
difference between the two measurement techniques were revealed.

Collection and analysis of laboratory parameters
Blood was collected in the early morning when patients were in the fasting state for at
least 10 hours. Biochemistry included measurements of serum protein, albumin, glucose
and CRP by spectrophotometric analysis (Cobas Mira*; Hoffmann-La Roche, Basel,
Switzerland).

Respiratory and peripheral muscle function
Respiratory muscle function was assessed by measuring maximal inspiratory mouth
pressure (Pl-max) according to the method of Black and Hyatt (33). The best of three
attempts was taken for analysis. Pl-max values were noted as positive values. Skeletal
muscle function of the upper extremities was assessed with use of a Harpenden handgrip
dynamometer (Yamar*, Preston, Jackson, MI, U.S.A.). The isometric grasp was
determined by measuring the maximally developed strength of the flexors of the fingers
of the right and left hand respectively. The highest value of three maneuvers was used.
The average of the maximal left and right handgrip strength was taken for analysis. The
muscle function tests were performed twice at baseline; the second measurement was
taken for analysis to exclude possible learning effects. During all muscle function tests,
the patients were encouraged to perform as optimum as they could.

Exercise performance
To measure exercise performance, the patients performed an indoor corridor walk during
12 minutes. The distance walked in 12 minutes (12 MWD) was used in the analysis. The
patients were not encouraged during the walk.
In addition, in a subgroup of patients not suffering from chronic hypoxia (n=38; PaCK
2?7.3 kPa), an incremental bicycle ergometry test was performed on an electromagnetic
brakes ergometer (Corival 400*, Lode, Groningen, The Netherlands) to investigate
maximal leg exercise capacity. After a two minute resting period and one minute unloaded
cycling, power was increased every minute by 10 W. The work load cycled was unknown
to the patients who were encouraged to cycle for as long as possible. Peak work load was
compared to the predicted values (34). During the exercise test, heart rate was monitored
(Sport-tester*. Polar electro Cy, Kempele, Finland). Oxygen consumption (V'O,) was
measured and calculated from breath by breath analysis using a breathing mask (Oxycon
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Beta®, Jaeger, Wurzburg, Germany). The equipment was calibrated before the tests and
the accuracy of the system was regularly assessed using a methanol combustion test.
Immediately before and two minutes after reaching the peak work load, a venous blood
sample was taken to measure the concentration lactate. The blood samples were stored on
ice (4 °C) and centrifuged for 5 minutes at 3000 rpm (Sigma 2-15*, Lameris, Breukelen,
The Netherlands). Plasma lactate was determined enzymatically using an automated
system (Cobas Mira*", Roche, Basel, Switzerland). Peak work load, the ratio between peak
lactate and peak work load, peak V'CX and the ratio between peak V'Oj and peak heart
rate (peak oxygen pulse) were used in the analyses, t. msiftmn ne

Health status • •
Health status is defined as to signify the gap, specifically due to the disease, between that
which is desired and that which is achievable. Health status was measured, before and
after eight weeks of treatment, by the St. George's Respiratory Questionnaire (SGRQ),
a standardized, sensitive and reproducible questionnaire specific for patients with lung
diseases. The SGRQ consists of 76 items and is designed to allow direct comparisons of
the health gain to be obtained with different types of interventions. After it was filled out
by the patients themselves, subscores ranging from 0 to 100 points for the categories
symptoms (distress due to respiratory symptoms), activity (disturbance of physical
activity) and impact (overall impact on daily life and well-being) were calculated, as well
as an total score (mean of the three scores). A high score means greater impairment in
health status. The Cronbach a (a measure of homogeneity of the items within each
category) is 0.60 for symptoms, 0.82 for activity and 0.71 for impact. A change from
baseline score of four points or more after treatment is considered as clinically significant.
This was based on a multivariate model in which the SGRQ score was related to clinically
appropriate changes in a range of disease-related variables. In addition, minimum
subjective efficacy of therapy corresponded with a change in SGRQ of four points (35).
In addition, the patients had to score on a visual analogue scale (VAS), ranging from 0 to
100 mm, how healthy or unhealthy they regard themselves (score=100 mm: perfect health;
score=0 mm: dead). The score was filled in after answering six questions to draw attention
to the different dimensions of health (performing daily activities, worrying about the
disease and the prognosis, pain or other complaints, side-effects of medication and
spending spare time).

After baseline screening, the patients were treated with nutritional therapy consisting of
2.7 (SD 0.5; range: 1-3.5) supplements per 24h containing 672 (.VD 125; range: 250-875)
kcal in total. Patients were allowed to choose from an assortment of products with variable
consistency and flavor (Nutridrink*. Fortimel*, Ensini®, Fortipudding*). The
supplementation consisted for 61 energy percent of carbohydrates, for 19 energy percent
of fat and for 20 energy percent of protein. The supplements were labeled with the name
of each individual patient and handed out once to thrice daily in order to have a stringent
control on their intake. Patients were, in addition to taking the supplements, encouraged
to continue the consumption of their regular meal portions as well. Due to the inpatient
setting, the regular diet that was offered to the patients was standardized. The total protein
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content of the supplements together with that of the consumed regular meals was more
than enough to ensure the amount of protein needed for optimum protein synthesis (1.6
(0.4) g protein/kg body weight/24h; see table 2). This was based on the available data in
the literature that protein synthesis is optimally stimulated during administration of 1.5 g
protein/kg body weight/24h (36).
The intervention was embedded in an eight-weeks, standardized inpatient pulmonary
rehabilitation program, consisting of general physical training with particular attention to
exercise in relation to daily activities, cycle ergometry (work load depending on the peak
work load during an incremental bicycle ergometry test), treadmill walking, swimming,
sports and games. In addition, an educational program about the disease and medication
use was implemented. When appropriate, psychologic or occupational therapy was given.
The metabolic cost of the exercise program was tried to be kept at the same level for all
patients by adjusting the exercise activities to the physical performance state of each
individual patient. Because the exercise program was offered in an inpatient setting, there
was a thorough control on the compliance of the patients to the different aspects of the
program. Furthermore, since the patients in general trained together, they exerted an
additional control on the compliance of each other. ,

A computer simulation model taking into account the patient's sex, age, height, body
composition and dietary intake (24) was used for the estimation of the weight and FFM
response after nutritional therapy. The changes in body weight and FFM were predicted
on the base of the actual, net rise in dietary intake after nutritional therapy. Calculations
were done for men and women separately and the weighed mean was taken for analysis.
The actual change in FFM after eight weeks was compared with the predicted change in
FFM. The course of body weight was predicted every two weeks and compared with
actual body weight at week two, four, six and eight of nutritional intervention.
Changes within the groups between baseline and week eight were tested by applying the
Student's paired t-test for dependent samples. Since body weight was measured at
baseline and at week two, four, six and eight, the Bonferroni correction was applied to
correct for the multiple comparisons. Since per time point four comparisons were done,
significance was determined at a p-value of 0.0125 (=0.050/4). For the other tests,
significance was determined at the level of 5%. Differences in baseline parameters
between users and non-users of oral GCs were analyzed with the Student's t-test for
independent samples when variables were normally distributed. The Mann-Whitney U test
was applied for not normally distributed variables. Differences in the response to
nutritional supplementation between users and non-users of oral GCs were tested using
analysis of variance (ANOVA). Oral GC-use was taken as fixed factor and the baseline
value was included in the model as covariant to exclude possible influences of baseline
differences. ANOVA was also performed with age and maintenance use of theophyllines
and ipratropium bromide as covariants included in the model, since these parameters
significantly differed between users and non-users of oral GCs. Data are expressed as
/Mt?aw f'.SVJy in the text and as /M«W (.S7:'A/) in the bar graphs. Data were analyzed according
to the guidelines of Airman et al. (37), using SPSS/PC+ (statistical package for the social
sciences, version 9.0 for Windows, SPSS Inc., Chicago, IL, U.S.A.).
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Results

In table 1, the baseline parameters of the study group are presented. On the base of the
FEV,, the patients were suffering from severe COPD. Kco was decreased. Mean arterial
blood gases were in the normal range. Exercise capacity was impaired when compared
with the predicted values. The habitual dietary intake expressed as percentage of REE was
lower than the TDEE reported in weight-stable patients with COPD measured in the same
pulmonary rehabilitation setting, amounting up to 1.7 (15). Also habitual protein intake
was lower than the recommended values (36). Since the registration of food intake and the
incremental bicycle ergometry test were performed in (different) subgroups of the total
study group, we tested whether the baseline parameters of these groups were different
from those of the total study group. On statistical analysis, there were no baseline
differences between the total study group and the subgroups in which food intake and
bicycle ergometry were assessed.

Table 1: Baseline characteristics of the study group. _ _
n(m/f) 64 (49/15)

Age (yrs)
Forced expiratory volume in 1 sec. (%pred)
Inspiratory vital capacity (%pred)
Diffusing capacity/alveolar volume (%pred)
Arterial CK pressure (kPa)
Arterial CO; pressure (kPa)
Body mass index (kg/nr)
Fat-frcc mass index (kg/nr)
Peak work load . (%pred)
Habitual dietary intake (kcal/24h)
Habitual dietary intake/resting energy expenditure
Habitual protein intake (g/kg body \veight/24h)
Habitual protein intake (energy %)
Habitual carbohydrate intake (energy %)
Habitual fat intake (energy %)
Oral glucocorticosteroids' (mg/24h)
'Mean of patients using oral glucocorticosteroids as maintenance medication: 31/64 (48%).

65
35
81
53
9.3
5.7
20.2
15.3
41
2106
1.5
14
15
46
36
7.6

(9)
(14)
(19)
(23)
(12)
(08)
(17)
(1.4)
(18)
(668)
(0.6)
(0.5)
(3)
(7)
(6)
(2.5)

o/' r;ra
re/?a/>/7//a//oM progr

Energy balance
Dietary intake as well as dietary intake/REE ratio were significantly increased after
nutritional therapy. There was nevertheless an adaptation in the intake of the regular
meals, since net change in dietary intake amounted up to 438 kcal/24h, which was 65%
of the expected 672 kcal/24h (table 2). REE did not change (data not shown). When
looking at the change in macronutrient intake, both protein and carbohydrate were
increased after eight weeks, while fat intake did not change (data not shown). Also
expressed as g/kg body weight, an increase in protein intake was seen. Protein and
carbohydrate intake, expressed as percentage of total energy intake, increased, while
percentage fat intake decreased after treatment (table 2).
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Chapter 6

Body composition and serum proteins -•- •- •-
Body weight, FFM, %FM by skinfolds and midarm circumference were significantly
increased after eight weeks of nutritional supplementation therapy (table 2). The change
in body weight was not correlated to the initial body weight. The course of body weight
per two weeks is depicted in figure 1. Already after two weeks, a rise in body weight was
seen. Body weight further increased from week two till week four and from week four till
week eight. The finally achieved rise in body weight after eight weeks of intervention was
however lower than the predicted value (2.1 vs. 2.6 kg; figure 1), because of an attenuated
rise from week four till week six. The actual gain in FFM after eight weeks was similar
to the predicted gain (1.1 vs. 0.9 kg). Total serum protein, but not serum albumin,
increased after eight weeks of treatment (table 2).

M

baseline week 2 week 4 week 6 week 8

Figure 1: Course of body weight per two weeks during nutritional therapy incorporated in an eight-weeks
pulmonary rehabilitation program Data are presented as mean (SEM). Solid line with closed
circles: actual body weight. Dashed line with open circles: predicted body weight on the base of
the rise in dietary intake. ***p<0.001.

Respiratory and peripheral muscle function and exercise capacity
Pl-max, handgrip strength and the 12 MWD increased significantly from baseline till
week eight (table 2). In addition, peak work load, peak lactate/peak work load, peak
oxygen consumption and peak oxygen pulse during the incremental bicycle ergometry test
improved (table 2).

Health status
Health status, as assessed by the St. George's Respiratory Questionnaire, improved on the
items symptoms and impact. The change in total score was nearly significant. Activity
score did not change. The VAS score on subjective health perception increased
significantly (table 2).
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Table 2: Efficacy of nutritional
rehabilitation program.

Energy 60/ance
Dietary intake

supplementation

(kcal/24h)
Dietary intake/resting energy expenditure
Protein intake
Protein intake
Carbohydrate intake
Fat intake

(g/kg/24h)
(energy %)
(energy %)
(energy %)

fiorfy co/npowrtoB fl/jrf serum protons
Body weight
Fat-free mass
Fat mass skinfolds
Midarm circumference
Serum protein
Serum albumin
M/.sc/e /wncfton ana* exerc/se per/i
Max inspiratory mouth pressure
Handgrip strength
12 min. walking distance
Peak work load
Peak lactate/peak work load
Peak oxygen consumption
Peak oxygen pulse

Symptom score - SGRQ
Activity score - SGRQ
Impact score - SGRQ
Total score - SGRQ
Subjective health perception

(kg)
(kg)

(cm)
(g/0
(8/1)

ijr/naMce
(cm H,O)
(kg)
(m)
(W)
(mmol/W*I)
(ml/min)
(ml)

(points)
(points)
(points)
(points)
(mm)

therapy implemented in an

Baseline
mean

2316
1.6
1.6
16
45
39

57.4
43.6
13.7
24.1
63.2
43.9

70
31.9
708
53
0.07
833
7.0

55
65
41
50
53

(522)
(0.4)
(0.4)
(2)
(6)
(5)

(7.0)
(6.0)
(6.9)
(1.7)
(5.8)
(3.8)

(19)
(7.8)
(181)
(20)
(0.03)
(195)
(18)

(20)
(22)
(19)
(17)
(17)

Week
mean

2754
1.9
1.9
17
49
35

59.5
44.7
14.8
24.8
66.0
44.8

74
33.1
840
59
0.06
884
7.5

46
66
37
47
58

eight-weeks

eight

(557)
(0.3)
(0.4)
(2)
(5)
(4)

(7.1)
(6.0)
(76)
(18)
(5.2)
(3.1)

(18)
(8.2)
(204)
(24)
(0.02)
(257)
(2.2)

(21)
(20)
(17)
(16)
(16)

pulmonary

Pre-post
p-va/ue

<0.001
<0.001
<0 001

0.013
<0.001
<0.001

<0.001
<0.001

0.010
<0.001
<0.001

NS

0.001
0 004

<0.001
0.001
0.037
0.041
0.020

<0.001
NS
0.043
NS
0.033

SGRQ: St George's Respiratory Questionnaire. Subjective health perception was measured by a visual
analogue scale (score=100 mm: perfect health: score=0 mm: dead)

0 / 0 /

Baseline differences between users and non-users of oral glucocorticosteroids
Differences in baseline parameters between patients to whom oral GCs were prescribed
as maintenance medication and to whom not are presented in table 3. A higher proportion
of patients in the oral GC treated group compared to the subgroup not treated with oral
GCs was using ipratropium bromide and theophylline. Patients using oral GCs were
characterized by a higher age and habitual protein intake compared to non-users of oral
GCs. Lung function, arterial blood gases, sex, smoking habits and habitual and baseline
dietary intake were similar in patients treated compared with patients not treated with oral
GCs. Also no differences were seen in users and non-users of oral GCs with respect to
serum glucose and serum CRP. In addition, the prevalence of other respiratory medication
use and recent weight loss was similar. Regarding the efficacy parameters, no differences
were seen in baseline body composition, serum proteins, muscle function or exercise
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capacity between patients using oral GCs compared with non-users of oral GCs. Impact
and total score of the SGRQ were however worse in GC users compared to GC non-users.

Table 3: Baseline characteristics of non-users and users of long-term, low-dose oral glucocorticosteroids

' • • -

m/f
Use of lpratropium bromide
Use of theophyllines

No oral GCs
; n=33

« W
24/9
27
17

(81)
(50)

Oral
n=31

25/6
31
26

GCs

(100)
(84)

NS
0.012
0005
/7-va/»t

Age
Forced expiratory volume in 1 sec.
Inspirators vital capacity
Diffusing capacity/alveolar volume
Arterial (X pressure
Arterial CO, pressure
Body mass index
Fat-free mass index
Peak work load

(yrs)
(%pred)
(%pred)
(%pred)
(kPa)
(kPa)
(kg/nr)
(kg/nr)
(%pred)

Habitual dietary intake/resting energy expenditure
Habitual protein intake
Serum protein
Scrum albumin
Serum glucose
Serum C-reactive protein
Symptom score - SGRQ
Activity score - SGRQ
Impact score - SGRQ
Total score - SGRQ

(energy %)
(g/1)
(g/1)
(mmol/l)
(ug/1)
(points)
(points)
(points)
(points)

62
37
85
51
9.3
5 6
20.1
15.2
42
1.6
14
64
43
5.6
95
51
60
36
46

(10)
(18)
(22)
(22)
(1.4)
(0.7)
(1.6)
(1.5)
(22)
(0.6)
(3)
(5)
(5)
(0.5)
(18.6)
(20)
(22)
(17)
(15)

67
33
77
55
9.2
5.8
20.2
155
40
1.5
17
62
43
5.5
4.5
58
70
46
55

(6)
(8)
(16)
(23)
(11)
(0.8)
(18)
(12)
(11)
(0.5)
(3)
(6)
(4)
(13)
(10.7)
(19)
(21)
(19)
(17)

0.040
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.001
NS
NS
NS
NS
NS
NS
0.042
0028

GCs: glucocorticosteroids SGRQ: St George's Respirator, Questionnaire

Differences in treatment efficacy between users and non-users of oral glucocorticosteroids
Pl-max improved to a higher extent after nutritional therapy in patients not treated with
oral GCs compared to those treated by oral GCs (figure 2). As measures of exercise
capacity, the improvements in peak work load (figure 3) and peak lactate/peak work load
ratio (figure 4) were significantly impaired in patients to whom oral GCs were prescribed
compared to patients to whom not. Finally, patients not on oral GCs exhibited a greater
improvement in the symptom score of the SGRQ (figure 5).
Since age was significantly higher in patients treated with oral GCs, ANOVA was also
performed with age as additional covariant. As a result, the difference in the change in Pl-
max was abolished (p=0.103), because age was a significant determinant of the difference
in Pl-max change after nutritional therapy between users and non-users of oral GCs
(p=0.010). Age did however not affect the difference in treatment response regarding peak
work load, peak lactate/peak work load and symptom score. The prevalence of
theophylline and ipratropium bromide use was excluded from the model, since they
exerted no effect on the difference in response to nutritional therapy between users and
non-users of oral GCs. No difference in treatment response was seen between patients to
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whom oral GCs were prescribed as maintenance medication and to whom not with regard
to energy balance, body composition, serum proteins, peripheral muscle function and the
12 MWD (data not shown).

K-V.J,; I,..

Figure 2: Change in maximal inspirator.' mouth pressure after nutritional therapy incorporated in an eight-
weeks pulmonary rehabilitation program in non-users and users of oral glueocorticosteroids
(GCs). Data are presented as mean (SEM). Open bars: non-users of oral GCs; Closed bars: users
of oral GCs. *p<0.05. "*p<0.001.

Figure 3: Change in peak work load after nutritional therapy incorporated in an eight-weeks pulmonary
rehabilitation program in non-users and users of oral glueocorticosteroids (GCs) Data arc
presented as mean (SEM). Open bars: non-users of oral GCs; closed bars: users of oral GCs.
*p<0.05. ***p<0.001.
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Figure 4: Change in peak lactate/peak work load ratio after nutritional therapy incorporated in an eight-
weeks pulmonary' rehabilitation program in non-users and users of oral glucocorticosteroids
(GCs). Data are presented as mean (SEM). Open bars: non-users of oral GCs: closed bars: users
of oral GCs. *p<0.05, *»*p<0.001.

Symptom tcor* Activity scora Impact scora

Figure 5: Change in health status as assessed by the St. George's Respiratory Questionnaire after
nutritional therapy incorporated in an eight-weeks pulmonary rehabilitation program in non-users
and users of oral glucocorticosteroids (GCs). Data are presented as mean (SEM) Open bars:
non-users of oral GCs; closed bars: users of oral GCs. *p<0.05. ***p<0.001 versus baseline.

Discussion
The present study reveals that nutritional supplementation therapy embedded in a
pulmonary rehabilitation program leads to increases in body composition and serum
protein in patients with COPD. In addition, improvements in respiratory and peripheral
muscle function, exercise capacity and health status were achieved. On the base of the
actual change in dietary intake, the rise in FFM was as high as predicted. Body weight
increase was attenuated compared to the predicted weight response due to a lower than
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expected rise in FM. The use of long-term, low-dose oral GCs as maintenance anti-
inflammatory medication significantly impaired the response to nutritional therapy with
respect to respiratory muscle function, exercise capacity and health status.

Because of the deleterious effects of loss of body weight and muscle wasting on morbidity
and mortality in COPD, the rationale for nutritional repletion therapy is well established.
Ferreira et al. however concluded in their recent meta-analysis that nutritional
supplementation therapy had no effect on improving anthropometric measures, lung
function or functional exercise capacity in patients with stable COPD (23). Some remarks
however must be placed with the conclusions of this meta-analysis. Firstly, interventions
studies with a duration of two or more weeks were included. It is likely that two weeks
of nutritional supplementation are probably too short to achieve substantial changes in
physiological function.
Secondly, most of the nutritional intervention trials were not combined with exercise
training. It can be expected that nutritional supplementation without an anabolic stimulus
will only result in an expansion of FM (38). Physiological function will likewise not
improve on nutrition alone, since FFM is an important determinant of functional
performance. Furthermore, body weight gain consisting of FFM is a much more energy
efficient process than expansion of FM, because for the gain of 1 kg of FM an energy
intake of 9000 kcal is required, relatively to 4000 kcal for the gain of 1 kg of FFM.
Thirdly, in several studies, the offered nutritional supplementation therapy consisted of
an inadequate energy intake, relative to energy requirements, needed for body weight gain.
Nonresponse can furthermore be due to noncompliance to the therapy or to the inability
of the patient to ingest the extra calories. So the possibility exists that the nutritional
interventions themselves were not of sufficient magnitude to sort an effect. In other words,
the failure of intervention instead of the failure to intervene might have been responsible
for the nonresponse found in several intervention trials. In addition, underlying disease-
specific problems leading to inadequate metabolic handling could be present. Indeed, we
recently revealed that patients not responding to nutritional therapy in terms of weight
gain, were characterized by an elevated systemic inflammatory response, besides a higher
age and relative anorexia. Baseline dietary intake was furthermore inversely correlated
with soluble ICAM concentrations (10).

The results of our study were contradictive to the conclusions of Ferreira et al. (23). Body
weight increased with 2.1 kg compared with the common effect in the meta-analysis of
1.65 kg and Pl-max improved with 4 cm H,O instead of 0.1 cm HjO. The rise in FFM of
1.1 kg in the present study was quite likely the result of the combined effects of nutrition
with an adequate protein intake (1.9 g/kg body weight/24h) and training. Because the
relative increases in respiratory muscle function and exercise capacity were higher than
the relative increases in body composition, the nutritional intervention might have induced
intracellular alterations. For instance, an increase in mitochondria in muscle fibers might
favor oxidative capacity, thereby improving physiological function.
The net increase in dietary intake amounted up to 438 kcal/24h, which was 65% of the
offered average 672 kcal/24h. The compliance to the nutritional supplementation was
however set at a maximum, since there was a thorough control on the consumption of the
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supplements. They were labeled with the name of the respective patient and handed out
under supervision. Therefore the difference between the offered and the consumed amount
of calories has to be the result of an adaptation in the intake of the regular meals.
The changes in body weight and FFM were predicted by a computer simulation model
(24) on the base of the actual, net change in dietary intake, thereby taking into account the
adaptation in the consuming of the regular meals. The increase in FFM was as high as
expected, but the rise in body weight was attenuated with 0.5 kg due to a lower than
expected increase in FM. The discrepancy between the predicted and actual body weight
change might be explained by the assumption of the simulation model that other factors
like REE and activity level remained at a constant level. Indeed REE did not change
during the intervention, but the activity level of the patients was presumably increased
compared to their situation at home, owing to the pulmonary rehabilitation program.
A methodological remark must be made about the design of the present study. We realize
that the nutritional supplementation therapy was not performed in a placebo-controlled
fashion. However, in the earlier nutritional intervention study of our group, it was
established that pulmonary rehabilitation without nutritional supplementation therapy did
not result in functional improvements in depleted patients with COPD (39). Therefore, it
was regarded as unethical to restrain a part of our patients from nutritional
supplementation. .,, , ,.. ,

The nutritional supplements were handed out three times daily: one between breakfast and
lunch, one between lunch and dinner and one in the evening. In this way, overall dietary
intake was spread over the day and excessive loading with nutrients was prevented. In the
present study, carbohydrate-rich supplements were used. This was reflected in a relative
increase in carbohydrate intake and a relative decrease in fat intake. The general belief
about the use of carbohydrate-rich supplements in COPD is that they adversely affect the
ventilatory system by increasing the ventilatory drive to a higher extent than fat-rich
supplements (40). hi contrast, our group previously observed that transcutaneous oxygen
desaturation and dyspnea were more pronounced after a moderate fat compared with a
carbohydrate-rich meal in patients with COPD (41). This might be explained by the longer
gastric emptying after a high-fat compared to a moderate-fat meal (42). Furthermore, the
temporarily decreased appetite and dietary intake during an acute exacerbation of COPD
were particulary reflected in a low fat intake (8).
In addition, a recent investigation of our group found no adverse effects of a single energy
load up to 500 kcal on symptoms and functional capacity, except in a small subgroup of
very cachectic patients (43). Also no differences were seen in energy metabolism or
exercise capacity after a carbohydrate-rich compared with a fat-rich supplement at the
most optimal caloric load (250 kcal). Surprisingly, the pre-postprandial increase in
shortness of breath was lower after the carbohydrate-rich compared to the fat-rich drink
(43). The studies reviewed above yielded evidence for the preferability of carbohydrate-
rich supplements for the repletion of depleted or weight-losing patients with COPD,
especially because the patients were participating in a pulmonary rehabilitation program.

Nutritional depletion in COPD is associated with a reduced health status. Patients
suffering from lean mass depletion exhibited significantly greater impairment in symptom,
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activity, impact and total SGRQ scores. The effects of tissue depletion on health status
appeared however to be mediated through increased levels of dyspnea (4). In contrast,
Mostert et al. revealed that the relation between tissue depletion and health status was
independently of dyspnea, but instead mediated by a decreased exercise performance (44).
In the present study, clinically significant improvements in symptom and impact score of
the SGRQ were achieved after eight weeks of nutritional therapy. So the adverse effects
of tissue depletion c.q. weight loss on health status were (in part) overcome by nutritional
supplementation, probably mediated by the improvements in functional performance.

Remarkable differences in baseline characteristics were seen between patients using and
not using oral GCs. At present, oral GCs are often prescribed as maintenance anti-
inflammatory medication in patients with COPD, despite insufficient evidence regarding
their efficacy at this time. In the present study, the patients to whom oral GC were
prescribed as maintenance medication were characterized by a higher age, an increased
prevalence of theophylline and ipratropium bromide prescription and, interestingly, an
impaired health status compared with patients to whom oral GCs were not prescribed. The
patients on oral GCs did not differ from patients not using oral GCs with regard to
baseline lung function or blood gases. Also no difference in baseline CRP, as a measure
of the systemic inflammatory response, was revealed. In addition, although
glucocorticosteroids are known to affect glycemic homeostasis (45), we found no
evidence for a disturbed glucose metabolism due to oral GC use.
Overall, the disease severity, on the base of lung functional parameters, was not worse in
oral GC users, so in fact there was no objective indication for oral GC prescription.
However, no information was available about the indication for prescription of oral GCs
in our patients, since treatment was started long before admission to the pulmonary
rehabilitation center. Theoretically, the effect of oral GC administration on treatment
outcome might reflect an indication bias. Nevertheless the question is raised whether the
indication for systemic GC prescription was on the base of objective criteria or on the
base of the subjective sensation of impaired health. Possibly the latter argumentation
might have lead to an increase in the prescription of respiratory medication, including oral
GCs.

In this report, despite of similar rises in dietary intake and body composition, use of oral
GCs significantly attenuated the improvements in physiological function after nutritional
therapy with respect to respiratory muscle function, exercise capacity and health status.
Clinical evidence exists for adverse effects of systemic GC administration. Decramer et
al. reported an inverse correlation coefficient between the average daily dose of oral GCs
and respiratory and peripheral muscle strength in patients with COPD or asthma (22).
There are no clear indications that systemic GCs induce a loss in overall muscle mass. In
addition. Pouw et al. revealed that muscle energy metabolism was comparable in non-
users and long-term users of systemic GCs (46). In contrast, a worse qualitative muscle
morphology was reported in patients with steroid-induced myopathy, indicated by an
increased variation in diameter of fibers, several angular atrophic fibers and diffuse
necrotic and basophilic fibers. In addition, an increased amount of connective tissue in
between fibers was present (47). Whether chronically systemic GC administration is able
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to induce disturbances in protein balance, deserves further attention.
The fact that the functional improvements in the patients treated with oral GCs were
impaired compared with patients not using oral GCs, despite of similar increases in body
composition, might be explained by intrinsic abnormalities in muscle tissue due to GCs,
that could not easily be overcome by nutrition alone. Firstly, muscle weakness and
wasting induced by administration of systemic GCs significantly differs from the wasting
effects induced by nutritional deprivation per se, the latter characterized by general
atrophy of all fiber types (48). Experimental studies indicate that especially the glycolytic,
type II fibers are susceptible for the deleterious effects of GCs (49). Secondly, fiber type
shifts are reported in COPD. In the peripheral muscles, a decrease in the proportion of
type I fibers corresponding with a relative increase in type II fibers was seen, indicating
a shift from endurance towards a more strength function (50, 51). Concerning the
respiratory muscles, there is evidence that the diaphragm of patients with severe COPD
has undergone adaptations resulting in relative resistance to fatigue. The physiological
alterations were accompanied by increases in fiber type I proportions and in slow isoforms
of myofibrillar proteins (52). These adaptations, reflecting the new functional
requirements of the diaphragm, are probably the result of the chronic rise in respiratory
load and lung volume due to increasing lung hyperinflation (53).
Taken together, because GCs mainly affect type II fibers, the already compromised
diaphragmatic function in COPD might be more sensitive, relative to the peripheral
muscles, for the deleterious effects of long-term systemic GS use. This might explain why
the improvement in Pl-max after nutritional supplementation therapy was significantly
attenuated by long-term, low-dose GC use and peripheral muscle function not. The higher
improvements in peak work load and peak lactate/peak work load ratio in the patients not
using oral GCs compared with patients long-term treated with oral GCs, might be a
reflection of an increase in oxidative capacity. Hypothetically, the lower improvement in
SGRQ symptom score in users of oral GCs was the result of the lower increase in Pl-max
and exercise capacity compared to non-users of oral GCs.
For the patients long-term treated with systemic GCs, other strategies are warranted in
order to achieve functional improvements after nutritional therapy. For instance, anabolic
steroids are able to neutralize the deleterious effects of endogenous and exogenous GCs
by binding competition on the GC receptor (54). Experimental animal studies have shown
that anabolic steroids can reverse the diaphragmatic muscle wasting and weakness
specifically induced by systemically administered GCs, without respect to the underlying
disease (55, 56).

In conclusion, nutritional supplementation therapy embedded in an eight-weeks, inpatient
pulmonary rehabilitation program is an effective treatment strategy for depleted or weight-
losing patients with COPD. The use of long-term, low-dose oral GCs as maintenance anti-
inflammatory medication however significantly impaired the response to nutritional
supplementation with respect to respiratory muscle function, exercise capacity and health
status. For this subgroup of patients, additional modes of interventions such as anabolic
steroids must be evaluated. Since this study provided further evidence for the adverse side
effects of systemic GCs, clinicians should nevertheless carefully consider the prescription
of oral GCs as maintenance medication in COPD.
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Abstract
Nutritional support can increase body weight and physiological function in COPD, but
there is a proportion of non-responders. The aim of this prospective study was to
describe the non-response to eight weeks of oral nutritional supplementation therapy
(500-750 kcal/day extra), implemented in an inpatient pulmonary rehabilitation
program, with respect to lung function, body composition, energy balance and
systemic inflammatory profile in 24 (16d") depleted patients with COPD. On base of
the weight change after eight weeks, patients were divided into three groups (group 1:
weight gain<2% of baseline body weight, n=5; group 2: 2%< weight gain<5%, n=9;
group 3: weight gain>5%, n=10). While no differences were seen in lung function and
body composition, group 1 was characterized by a higher age, a lower baseline dietary
intake/resting energy expenditure (REE) ratio and a higher proportion users of
continuous supplemental oxygen compared to group 3. In addition, group 1 exhibited
higher baseline concentrations of fasting glucose and LPS-binding protein compared to
group 2 and 3. The concentrations of the soluble TNF-receptors 55 and 75 were
elevated in group 1 and 2 compared to group 3. Furthermore, a significant, inverse
correlation coefficient between baseline dietary intake and soluble ICAM was revealed
(r=-0.50, p=0.016). On linear regression analysis, age, baseline intake/REE ratio.
sTNF-receptor 55 and extracellular/intracellular water (ECW/1CW) ratio were selected
as independent, significant parameters contributing to a total explained variation of
78% in weight change after nutritional therapy. In conclusion, non-response to
nutritional therapy in COPD is associated with ageing, relative anorexia and an
elevated systemic inflammatory response. Further research is needed to investigate
whether these factors contribute to eventual disturbances in intermediary metabolism
as reflected by the increased glucose concentration and ECW/1CW ratio.

introduction
Weight loss is a common feature in patients with chronic obstructive pulmonary
disease (COPD) (1). The clinical importance of weight loss, particularly loss of fat-
free mass (FFM), has been demonstrated in its adverse effects on physical performance
(2) and quality of life (3). Moreover, weight loss and a low body weight are
unfavorable prognostic factors in survival, independently of lung function (4).

Weight loss is generally considered as the result of an imbalance between energy
intake and expenditure. Although the dietary intake of patients with COPD does not
differ from the recommended daily allowances (5), it is insufficient to match energy
requirements in weight-losing patients. An increased resting energy expenditure (REE)
has been reported in 26% of the patients with COPD (6). Furthermore, also an eleva-
tion in total daily energy expenditure (TDEE), independently of REE. was observed in
patients with COPD compared to healthy age-matched subjects (7).
Recent data have shown that a systemic inflammatory response is present in patients
with COPD, based on elevated concentrations of acute phase proteins, tumor necrosis
factor (TNF)-a receptors and soluble adhesion molecules in peripheral blood (8, 9). In
addition, clear evidence for a relationship between weight loss and plasma TNF-cc has
been shown in COPD (10, 11). Besides the fact that inflammatory cytokines may
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induce anorexia such as observed in experimental studies (12), enhanced levels of
acute phase proteins have been related to an increased REE in COPD (8).

In several studies an attempt has been made to reverse the negative energy balance in
depleted patients with COPD with nutritional repletion therapy (13-16). A substantial
number of patients failed to respond to the nutritional support, i.e., they were not able
to gain body weight. The underlying causes of non-response to nutritional therapy are
unknown. Non-response be due to factors such as noncompliance to the therapy, an
inadequate energy intake relative to energy requirements, the inability of the patient to
ingest the extra calories or underlying disease-specific problems leading to inadequate
metabolic handling. The clinical relevance of non-response to nutritional therapy was
emphasized by a recent nutritional intervention study that revealed weight gain as a
significant, independent predictor of the mortality rate in patients with COPD (4).

Because of the huge impact of non-response on functional status and even on survival
in COPD, we set out to unravel the underlying mechanisms, hypothesizing that non-
response is related to biological characteristics. This hypothesis is firstly based on the
results of the previous nutritional intervention study of our group in which patients
received 420 kcal/day (50% combined with anabolic steroid treatment) during eight
weeks; in this study a substantial proportion of non-responders occurred, despite the
fact that the study was performed in a controlled, inpatient setting so that factors such
as noncompliance to the nutritional supplementation therapy could largely be
excluded. Secondly, since weight loss is related to systemic inflammation in a part of
the COPD population, we hypothesized that an elevated systemic inflammatory
response might play a role in non-response to nutritional intervention therapy.
Therefore the present study aimed to investigate prospectively the non-response to
eight weeks of oral nutritional therapy with respect to lung function impairment, body
composition, energy balance and systemic inflammatory profile in depleted patients
with COPD. The orally administered supplementation therapy consisted of 500-750
kcal/day and was implemented as part of an inpatient pulmonary rehabilitation
program.

Patients and methods

The study group consisted of 24 depleted patients (16o", age mea/7 (375) 63 (8) years)
with severe COPD (forced expiratory volume in one second; FEV,: 33 (12)% of
predicted) consecutively admitted to a pulmonary rehabilitation center (Asthma Center
Homerheide, Horn, The Netherlands). Depletion was defined as a body mass index
(BM1; body weight/height') <23 kg/nr and/or a FFM-index (FFMI; FFM/heighP)
<15(?)/16(o")kg/nv.
Patients were included if they fulfilled the criteria for COPD according to the ATS
guidelines (17). Furthermore, the FEV, had to be less than 70% of the reference value
and the increase in FEV, after inhalation of a Bj-agonist less than 10% of the reference
value. Patients with concomitant confounding diseases such as malignant disorders,
gastrointestinal abnormalities, recent surgery or severe endocrine disorders were
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excluded. Only patients in a clinical stable condition (not suffering from a recent
respiratory tract infection) and without clinical signs of edema were included in the
study. The study was approved by the medical ethical committee of the University
Hospital Maastricht and all subjects gave their informed consent.

/
Body height was determined to the nearest 0.5 cm (Lameris, WM 715, Breukelen, The
Netherlands) with subjects standing barefoot. Body weight was assessed with a beam
scale to the nearest 0.1 kg (SECA, FRG) with subjects standing barefoot and in light
clothing. The patients were asked to report the amount of weight loss in the last three
months before admission to the rehabilitation center.
To measure total body water (TBW), each patient received in the late evening around
10 p.m. a weighted (1 g/1 estimated TBW) oral dose of deuterium-labeled water (99.84
atom percent excess) mixed into 70 ml water. For the estimation of extracellular water
(ECW) 60 mg sodium bromide/1 predicted TBW was added to the deuterium dose. Just
before and approximately 10 h later, after complete emptying of the bladder, urine and
venous blood samples were obtained. Urine was analyzed for deuterium with an
isotope ratio mass spectrometer according to the Maastricht protocol (18). Deuterium
dilution space was calculated from the quantity of administered deuterium and the
urine deuterium concentrations before and after complete distribution. TBW was
calculated from deuterium dilution space by applying a conversion factor of 1.04,
which corrects for the exchange of labile hydrogen which occurs in humans during the
equilibration period. FFM was calculated assuming a hydration factor of 0.73. FM was
calculated by subtracting FFM from body weight. The ECW compartment was
analyzed using bromide detection. ECW was estimated by the corrected bromide
space, which was calculated from the quantity of administered bromide and the serum
bromide concentrations before and after complete distribution. Bromide concentration
in serum ultrafiltrate was determined by HPLC according to the anion exchange
chromatographic method (19). lntracellular water (ICW) was calculated by subtracting
ECW from TBW.
Body weight and composition were assessed before the nutritional intervention and
after eight weeks of treatment.

energy
REE was measured in the early morning (8.30 a.m.) by an open circuit indirect
calorimetry system using a ventilated hood (Oxycon Beta*. Mijnhardt, Bunnik. the
Netherlands) before and after eight weeks of nutritional therapy. The system was
calibrated daily at the start of the experiment. The accuracy of the system was
regularly assessed using a methanol combustion test. Patients were in a fasting state for
at least 10 hours and had a period of at least 30 minutes bed rest prior to the measure-
ments. Patients received their maintenance medication 2 hours before measurements
started. REE was measured when subjects were comfortably lying on a bed in supine
position. REE was calculated from oxygen consumption and carbon dioxide producti-
on using the abbreviated Weir formula (20).
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Before and in the last week of the nutritional therapy, patients were asked to register
their food intake during four consecutive days to assess dietary intake. The obtained
information was coded for computer nutrient analysis. The nutrient data base was
derived from the Dutch food composition tables (21). Caloric intake was calculated by
taking the average intake over four days. Dietary records were used since this method
is more valid than the dietary history method; it gives a good representation of the
actual consumption of calories because the food intake is averaged over four
consecutive days so day-tot-day variations are largely discarded.

FEV, and inspiratory vital capacity (IVC) were calculated from the flow volume curve
using a spirometer (Masterlab*, Jaeger, Wurzburg, Germany). Diffusing capacity for
carbon monoxide (DLCO) was determined using the single breath method (Masterlab®,
Jaeger, Wurzburg, Germany). Lung function parameters were expressed as percentage
of reference values (22). > >;".» «' ; - : ; • ;
Blood was drawn from the brachial artery while the patients were breathing room air.
Arterial oxygen tension (PaOj) and carbon dioxide tension (PaCOj) were analyzed on
a blood gas analyzer (Radiometer, ABL 330, Copenhagen, Denmark). In addition the
proportion of patients using continuous oxygen supply was assessed.
Lung function and blood gases were measured before and after the nutritional therapy.

Co/tecf/ow a«t/ a/ia/ysw q/7a/>ora/ory owd /w/7a/nma/ory parameters'
Before and at eight weeks after nutritional intervention blood was obtained from the
patients in the fasting state by venipuncture at 9 a.m. and collected in evacuated blood
collection tubes (Sherwood Medical, St Louis, Missouri, USA) containing EDTA.
Plasma was separated from blood cells by centrifuging at 1000 G for 10 minutes at
4°C within 2 h after collection. Separated plasma was again centrifuged at 1000 G for
10 minutes at 4°C. Plasma samples were stored at -80°C until analysis. Most
inflammatory markers were measured using sandwich ELISA (enzyme-linked
immunosorbent assay) as described previously (23). Soluble tumor necrosis factor
receptor 55 (sTNF-R55) and sTNF-R75 were measured using the monoclonal
antibodies MR1-1 and MR2-2 for coating on immuno-assay plates (Nunc-Immuno
Plate Maxisorp, Roskilde, Denmark). The standards used were recombinant human
sTNF-R55 and sTNF-R75. Specific biotin-labeled polyclonal rabbit anti-human-sTNF-
R IgG was used as detector reagens followed by streptavidin peroxidase conjugate
(Dako, Glostrup, Denmark). Photospectrometry at 450 nm was performed using a
micro ELISA autoreader. The detection limit of both assays was 100 pg/ml. Polyclonal
rabbit anti-rh lipopolysaccharide (LPS) binding protein (LBP) IgG was used as coating
for the LBP ELISA and biotin-labeled polyclonal rabbit anti-rh LBP IgG was used for
detection of LBP. The standard used was rh LBP. Washing and dilution was performed
in buffer containing 40 mM MgCl to prevent disturbance by lipopolysaccharide of
LBP recovery in the ELISA. The detection limit of the assay was 200 pg/ml. For
detection of the adhesion molecules soluble E-selectin and soluble intercellular
adhesion molecule (sICAM), the monoclonal mouse antibodies ENA-1 and ENA-2
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were used respectively. Thereafter detection of the adhesion molecules took place by
incubation with rabbit-anti-mouse biotin.
In addition, serum concentrations of glucose, albumin, creatinine and C-reactive
protein (CRP) were determined by spectrophotometric analysis (Cobas Mira*;
Hoffmann-La Roche, Basel, Switzerland).

After baseline screening, the patients were treated during eight weeks with nutritional
therapy consisting of three supplements per day containing 500-750 kcal in total.
Patients were allowed to choose from an assortment of products with variable
consistency and flavor (Nutridrink*, Fortimel*, Ensini®, Fortipudding*). The
supplementation consisted for 61 energy percent of carbohydrates, for 19 energy
percent of fat and for 20 energy percent of protein. The total protein content of the
supplements together with that of the consumed regular meals was more than enough
to ensure the amount of protein needed for optimum protein synthesis which is
recommended for repletion of malnourished subjects (1.5-1.7 g protein/kg body
weight/day) (24). The supplements were labeled with the name of each individual
patient and handout thrice daily in order to have a stringent control on their intake.
Patients were, in addition to taking the supplements, encouraged to continue the
consumption of their regular meal portions as well.
The nutritional therapy was embedded in an eight weeks, standardized inpatient
rehabilitation program, consisting of general physical training with particular attention
to exercise in relation to daily activities, cycle ergometry, treadmill walking, swim-
ming, sports and games. In addition, an educational program about the disease and
medication use was given. When appropriate, psychologic or ergotherapeutic treatment
was implemented. The metabolic cost of the exercise program was tried to be kept at
the same level for all patients by adjusting the exercise activities to the physical
performance state of each individual patient. For instance, the bicycle training was set
at cycling twice daily twenty minutes on 50-70% of peak workload reached in a
symptom-limited incremental bicycle ergometry test, during which workload was
increased with 10 W every minute. The test was performed before, after four and after
eight weeks, so the training workload had in general to be adjusted halfway the
rehabilitation period. Because the exercise program was offered in an inpatient setting,
there was a thorough control on the compliance of the patients to the different aspects
of the program. Furthermore, since the patients in general trained together, they
exerted an additional control on the compliance of each other.

A computer simulation model on body weight and energy balance, taking into account
the patient's age, sex, body composition and REE, was used for the estimation of the
weight response after nutritional therapy (25). On base of this model, a mean gain in
body weight of >5% was expected. Patients were divided into the following
subgroups: 1) no weight gain, defined as a weight gain less than 2% of baseline body
weight after eight weeks of intervention (group 1; n=5, 4cf); 2) expected weight gain,
defined as a weight gain of 5% or more (group 3; n=10, 4o") and 3) medium weight
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gain defined as a weight gain between 2% and 5% (group 2; n=9, 6cf).
All parameters (baseline values and changes after the nutritional intervention) were
firstly checked on normality of distribution. When variables were normally distributed
and equal variances could be assumed, subsequently a Student's t-test for independent
samples (in casu one-way analysis of variance (ANOVA) because three groups had to
be compared) was applied to compare the differences between the three groups. The
ANOVA test was followed by post-hoc analysis to test the least-significant differences
between the groups by two-sample t-tests. When variables were not normally
distributed, non-parametric analysis (Mann-Whitney U test), was performed. Baseline
differences between the three groups were given, when appropriate, after correction for
sex and age by analysis of covariance. Differences in dichotomous variables, like sex,
were statistically compared using the Chi-square test. Differences within the three
groups before and after nutritional therapy were analyzed with the paired Student's t-
test. After calculation of Pearson product moment correlation coefficients, a linear
model was fitted to the data to enable the variables that contributed to the variation in
weight change after nutritional therapy using multiple regression analysis. Significance
was determined at the level of 5%. Data are expressed as wea« (SD/ Data were
analyzed according to the guidelines of Altman et al. (26), using SPSS/PC+ (statistical
package for the social sciences, version 6.0 for Windows, SPSS Inc., Chicago, 1L,
U.S.A.).

. ' • • • • . •• • • • • . . . • , • . - . . - • : * • ; '

Results

Table 1 shows the baseline characteristics of the three groups with respect to body
composition, energy balance and lung function. The extent of weight loss in the last
three months was similar for group 1 and 2; group 3 exhibited however significantly
more weight loss than group 2. Although the three groups were not different in body
weight, body composition or REE, baseline daily dietary intake was, also after
adjustment for REE, significantly lower in group 1 compared to group 3. This was
predominantly associated with significant differences in total protein and fat intake
(data not shown). No differences were seen in baseline lung function or arterial blood
gases. The proportion users of continuous supplemental oxygen was however
significantly higher in group 1 compared to group 3 (2/5 vs 0/10, p<0.05). In group 2,
2/9 patients were on continuous supplemental oxygen supply.
In table 2 the baseline laboratory and inflammatory profile of the patients is shown.
Fasting glucose was significantly higher in group 1 compared to group 2 and 3. The
concentration of the acute phase protein LBP was significantly higher in group 1
compared to group 2 and 3. Group 1 and 2 exhibited significantly higher
concentrations of sTNF-R55 and sTNF-R75 compared to group 3. The serum
concentrations of creatinine, a relevant renal function parameter, were within the
normal range for all subjects, indicating a normal kidney function and thus a normal
clearance rate of the TNF-receptors. Therefore the differences in plasma
concentrations of the TNF-receptors between the groups could not be attributed to
abnormal clearance rates, but to differences in TNF-receptor production.
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Table 1: Baseline characteristics of the
function.

n

Age
Body weight
Fat-free mass -fJirtjaa
Fat mass

(m/f)

(yrs)
(kg)
(kg)
(kg)

Extracellular/intracellular water ratio
Weight loss in last 3 months
Dietary intake
Resting energy expenditure

(kg)
(kcal/24h)
(kcal/24h)

Intake/resting energy expenditure ratio
Forced expir volume in 1 s.
Inspiratory vital capacity
Diffusing capacity for CO
Arterial (X pressure
Arterial CO, pressure

(% pred)
(% pred)
(% pred)
(mmHg)
(mmHg)

three fgroups:

Group 1
5
mean
69
58.6
39.9
18.6
0.90
-3.2
1735
1335
1.31
33.9
69.3
31.1
65.3
39.0

(4/1)
fSDJ
(2)
(9.1)
(4.6)
(7.5)
(0.16)
(2.8)
(328)
(125)
(0.31)
(17.6)
(17.8)
(20.8)
(6.8)
(3.8)

body composition,

Croup 2
9
wean
65
59.0
42.9
16.0
0.88
-0.2
2143
1433
1.50
35.7
78.1
45.8
74.3
41.3

(6/3)

(8)
(7.8)
(7.0)
(6.2)
(0.08)
(3.0)
(496)
(174)
(031)
(124)
(17.7)
(15.9)
(12.8)
(6.0)

energy balance and lung

Group 3
10
mean
59
52.3
39.6
12.7
0.82
-3.7
2365
1367
1.77
32.2
81.2
46.2
75.0
42.0

(6/4)

(8)**
(5.9) -<
(5.9)
(5.5)
(0.14) -
(33)#
(428)*
(171)
(0.29)*
(8.2)
(15.6)
(8.2)
(12.0)
(4.5)

Group 1: weight gain<2%, group 2: 2%<weight gain<5%, group 3: weight gain> 5%.
* p<0.05, ** p<0.01 versus group 1; # p<0.05 versus group 2.
Data are given after correction for sex and age.

Table 2: Baseline characteristics of the three groups: laboratory and inflammatory parameters.
Group 1 Group 2 Group 3
mean VS£V meaw f.VD; mean

Fasting glucose (mmol/1) 6.9 (1.5) 5.8 (0.5)* 5.7 (0.9)*
Albumin (g/1) 38.4 (2.7) 43.2 (4.7) 40.4 (3.7)
C-reactive protein (ug/ml) 15.0 (21.1) 7.1 (15.6) 9.1 (21.2)
LPS-binding protein (ng/ml) 18.5 (7.8) 11.6 (2 7)* 118 (5.5)*
Soluble E-sclcctin (ng/ml) 24.8 (9.3) 23.5(16.4) 18.6 (3.9)
Soluble ICAM (ng/ml) 80.9 (21.5) 66.5 (16.5) 65.5 (25.9)
Soluble TNF-receptor 55 (ng/ml) 0.60 (0.26) 0.59 (0.19) 0.35 (0.13)*##
Soluble TNF-reccptor 75 (ng/ml) 1.67 (0.58) 1.70 (0.44) 105 (0.36)*##
Group 1: weight gain<2%. group 2: 2%<weight gain<5%. group 3: weight gain>5%.
* p<0.05 versus group 1; ## p<0.01 versus group 2.
Data are given after correction for sex and age.

In order to determine whether the tendency towards a higher ECW/ICW ratio as seen
in the non-responders was related to tissue depletion, we correlated baseline
ECW/ICW ratio with baseline FFMI. Indeed a significant, inverse correlation
coefficient was found (r=-0.54, p=0.006). The proposed link between a systemic
inflammatory response and anorexia was investigated by correlation analysis of the
inflammatory parameters at baseline with baseline dietary intake. The concentration
sICAM significantly, inversely correlated with dietary intake (r=-0.50, p=0.016). In
figure 1 and 2 scatter plots of the respective correlation coefficients are shown.
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Figure 1: Scatter plot of baseline fat-free mass index (fat-free mass/height*) and extracellular
water/intracellular water ratio. Correlation coefficient: -0.54, p=0.006.
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Figure 2: Scatter plot of baseline soluble ICAM and dietary intake. Correlation coefficient: -0.S0,
p=0.016.

In order to investigate whether non-response was related to the medication that the
patients used, the maintenance medication use of the patients was determined. 96% of
the patients were using Bj-sympathicomimetics by inhalation, 67% oral theophyllines,
83% ipratropium bromide by inhalation, 92% inhalation corticosteroids and 54% oral
corticosteroids. No significant differences in drug use were seen between the three
groups. Furthermore, no relationship was found between the daily dose of oral
corticosteroids (mean (1ST),) 7.7 (3.0) mg prednisone/day) and weight change after
nutritional therapy.In order to investigate whether non-response was related to the
medication that the patients used, the maintenance medication use of the patients was
determined. 96% of the patients were using Bj-sympathicomimetics by inhalation, 67%
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oral theophyllines, 83% ipratropium bromide by inhalation, 92% inhalation
corticosteroids and 54% oral corticosteroids. No significant differences in drug use
were seen between the three groups. Furthermore, no relationship was found between
the daily dose of oral corticosteroids (mea« (SDj 7.7 (3.0) mg prednisone/day) and
weight change after nutritional therapy.

The changes in body composition, energy balance and laboratory and inflammatory
mediators after eight weeks of nutritional intervention are shown in table 3. Body
weight increased only in group 2 and 3. Figure 3 shows the body weight course per
two weeks expressed as percentage of baseline body weight for the three groups. The
changes in body weight were reflected in significant increases in FFM in group 2 and 3
after eight weeks but not in group 1. Although all groups showed adjustment in the
intake of their regular meals, group 2 and 3 significantly elevated their total dietary
intake while the net rise in dietary intake in group 1 did not reach significance despite
a significant rise in carbohydrate intake (48 (21) g/day, p<0.05). Only in group 3 REE
increased significantly, but this increase was eliminated after correction for the rise in
FFM. In group 1, a significant rise in serum albumin was seen after eight weeks. The
ratio ECW/ICW, serum glucose and the inflammatory parameters remained unchanged
in all groups after the nutritional intervention.

week 0 week 2 week 4 week 6

Figure 3: Body weight course per two weeks expressed as percentage of baseline body weight
Circles: group 1 (weight gain<2%). squares: group 2 (2%< weight gain<5%). triangles:
group 3 (weight gain>5%). * p<0.05. ** p<0.01. *** p<0.001 Data are given as

104



Table 3: Changes in
eight weeks

Body weight

Fat-free mass
ECW/ICW ratio
Dietary intake
REE
Fasting glucose
Albumin
C-reactivc protein
LPS-binding protein
Soluble E-selectin
Soluble 1CAM
sTNF-receptor 55
sTNF-receptor 75

body composition, energy- balance and laboratory and inflammatory
of nutritional

(kg)

(kg)

(kcal/24h)
(kcal/24h)
(mmol/1)
(g/1)
(ng/ml)
(ug/ml)
(ng/ml)
(ng/ml)
(ng/ml)
(ng/ml)

intervention.
Group 1
mean
0.1

-0.9
0.034
336
171
0.52
7.9
-6.6
-5.2
-1.0
5.6
-0.008
-0.086

I

(0.7)

(12)
(0.086)
(330)
(213)
(0.72)
(1.7)*
(25.9)
(8.5)
(51)
(152)
(0.09)
(0.21)

Group ;
mean
1.9

15
-0.004
469
8
0.90
0.3
3.4
-0.6
1.1
5.7
0.043
-0.065

Group
mean

(047)*™*** 5.8

(1.2)**
(0.037)
(352)™
(136)
(1.07)
(1.1)***
(12.2)
(3.3)
(6.0)
(28.8)
(0.19)
(027)

3.1
-0.050
504
160
1.07
3.4
-4.7
5.6
1.2
5.2
0.116
0.173

mediators after

3
fSZV
(1 2)™****

###
(1.8)*™**
(0.069)
(403)*
(164)*
(2.05)
(33)
(23.1)
(16.5)
(3.2)
(29.9)
(0.18)
(0.23)

Group 1: weight gain<2%, group 2: 2%<weight gain<5%, group 3: weight gain i 5%.
ECW/ICW ratio: extracellular/intraccllular ratio.
REE: resting energy expenditure.
*p<0.05, **p<0.01,*** p<0.001 versus baseline. ' ' •' ' - '̂. : ^ • ' ' .
•p<0.05, ** p<0.01. ***p<0.001 versus group 1. ""''• ••- -;•••;;'• , -si ^ <:- so > ; ,
###p<0.001 versus group 2. ^ ;•:;?? : =. • -

To investigate which factors significantly contributed to the variation in body weight
change after nutritional therapy, a stepwise multiple linear regression analysis was
performed after calculation of the Pearson product moment correlation coefficients.
Age and baseline dietary intake/REE ratio, sTNF-R55 and ECW/ICW ratio were
selected as independent, significant parameters contributing to a total explained
variation of 78% in weight change after nutritional intervention (table 4). The variables
weight loss in the last three months, serum glucose, LBP and sTNF-R75 were excluded
from the model. Although sTNF-R75 also significantly correlated with weight change,
regression analysis without sTNF-R55 (because the concentrations of sTNF-R55 and
STNF-R75 were significantly correlated; r=0.90, p<0.001) did however not reveal
sTNF-R75 as a significant parameter.

Table 4: Multiple linear regression analysis to investigate which baseline parameters significantly
contributed to the variation in weight change after nutritional intervention.

Prediction variables
Age
Intake/resting energy expenditure ratio
Soluble TNF-rcceptor 55
Extracellular/intracellular water ratio
Weight loss in the last 3 months
Glucose
LPS-binding protein
Soluble TNF-receptor 75

B
-0.09
3 49
-5.09
-7.16

SEofB
0.04
0.85
1.38
2.49

Cumulative R'
0.42
0.57
0.67
0.78

p-value
0.0401
0.0006
00016
0.0101
NS
NS
NS
NS
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Discussion
The etiology of non-response to nutritional therapy in patients with COPD is unknown.
The present study provided an unique opportunity to elucidate the biological factors
which might contribute to non-response, because it was performed in a controlled,
inpatient setting. Therefore, possible other explanations such as noncompliance to the
treatment, could largely be excluded. The results of this study indicate that non-
response is related to a variety of independent, but perhaps also partly interrelated,
factors. From multiple linear regression analysis, age, baseline dietary intake/REE
ratio, sTNF-R55 and ECW/ICW ratio were selected as independent, significant
contributors to the variation in body weight change. In addition, non-responders
included a higher proportion users of continuous oxygen supply and expressed higher
baseline concentrations of glucose, LBP, and sTNF-R75. It must be stressed that the
results of this study are preliminary due to the small study groups. Nevertheless they
reveal new possible insights in the etiology of non-response to nutritional therapy in
patients with COPD.

Age contributed for a significant part to the variation in weight change after nutritional
therapy and was significantly higher in the non-responders. Ageing is known to be
related to decreases in REE and in energy expenditure for activities in healthy subjects,
resulting in a lower dietary intake. The lower energy expenditure in the elderly is
predominantly related to the decline in FFM due to a reduced physical activity (27),
possibly accompanied by an alteration in tissue metabolism and/or an adaptation in
REE due to a lower daily caloric intake (28). However, the lower dietary intake in the
non-responders in the present study was independent of age and no differences in REE
or in the amount of metabolically active tissue (FFM) were seen between the groups.
In addition, instead of an adaptation in REE due to weight loss, an increased REE and
TDEE have been reported in patients with COPD (6, 7). Therefore other factors must
be involved in the non-response to nutritional therapy.

No differences were seen in baseline body weight or body composition. Despite the
comparable REE and the same degree of weight loss, baseline dietary intake was
significantly lower in the non-responders compared to the responders, also after
adjustment for REE. In animal studies exposure to LPS, TNF-cc or interleukin (IL)-lcc
induces anorexia and weight loss (12). In this study we also showed evidence for a
relationship between the relative anorexia seen in the non-responders and an enhanced
systemic inflammatory response. In the absence of adequate characterization of
systemic inflammation in COPD, a selection of inflammatory parameters was analyzed
for the present study. Although one would expect a relationship between dietary intake
and the sTNF-receptors, we could not reveal such correlation coefficients. Instead, a
significant, inverse correlation between baseline dietary intake and sICAM was found.
Soluble adhesion molecules like sICAM and sE-selectin may reflect systemic
inflammatory activity and are reported to be elevated in COPD (9). The fact that
sICAM correlated with dietary intake and sE-selectin did not, can be possibly
explained by the fact that E-selectin is thought to underlie the initial leukocyte rolling
on the vessel wall in areas of inflammation, while ICAM is thought to be present in
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tissues throughout the body and may therefore, more than E-selectin, reflect the
presence of a systemic inflammatory response (9).

The rise in dietary intake after eight weeks was only significant in the patients
exhibiting a weight gain more than 2% of baseline body weight, although the mean net
increase in intake did not differ between the groups. The power of the study might
have been insufficient to reveal a significance in the change in dietary intake in group
1. However, on base of the substantial rise in dietary intake of 336 kcal/day in group 1,
which is equivalent to two slices of wheat bread with butter and cheese, and because of
the fact that the percentage of patients suffering from recent weight loss did not differ
between group 1 and the well-responding group 3, a higher gain in body weight would
be expected in group 1. It might easily be concluded that the failure of the patients in
group 1 to gain weight, was due to the inability to consume enough calories, i.e., to
noncompliance to the therapy. However, because of the inpatient setting in which the
study was performed, there was a strict control on the consumption of the supplements.
Therefore the lower increase in dietary intake was likely due to an adaptation in the
consumption of the regular meals, on which we had less control despite the fact that
the patients were encouraged to consume every meal completely. So the gap between
the offered 500-750 kcal/day and the rise in dietary intake of 336 kcal/day in group 1,
compared with a gap of ±250 kcal/day in group 2 and 3, was predominantly due to less
compliance to the consumption of the regular meals and not to noncompliance to the
therapy per se, namely the nutritional supplementation.
Another explanation for the non-response to the nutritional intervention, could be a
variation in the metabolic load of the exercise program. It must be noted, however, that
the exercise program was standardized for all patients; the training activities were
adjusted to the physical performance state of each individual patient. For instance, the
bicycle training load was set at 50-70% of the peak workload reached during an
incremental bicycle ergometry test. This test was performed before, after four and after
eight weeks, so the training workload had in general to be adjusted halfway the
rehabilitation period. The individual adjustment of the exercise program implicates that
all patients were trained at the same 'metabolic' intensity level of exercise. Because
the exercise program was given in an inpatient setting, there was furthermore a
thorough control on the compliance of the patients to the different aspects of the
exercise program. In addition, since the patients in general trained together, they
exerted an additional control on the compliance of each other.
Another possible covariate of the observed differences in weight response between the
three groups, could be an eventual discrepancy regarding the translation from training
load intensity to the actual activity-related energy expenditure for each individual
patient. In other words, the energy efficiency might have been different between the
patients. Indeed in a previous study of our group, an increased TDEE was observed in
patients with COPD compared to age-matched control subjects, independently of REE,
which was probably related to an increased energy expenditure for activities (7). The
fact that the patients in group 1 and 3 were in a state of negative energy balance prior
to admission to the pulmonary rehabilitation center, despite a mean dietary intake/REE
ratio ranging from 1.3 to 1.8, might be indicative for the presence of an elevated
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wasting of energy. The mechanisms behind this weight loss, however, were probably
different for these two groups. The reason for the recent weight loss of the patients in
group 3 was likely an inadequate caloric intake relative to increased energy
requirements, that could easily be overcome by offering them nutritional
supplementation alone. In contrast, the patients in group 1 seemed to be compromised
with additional problems related to their decreased dietary intake and/or to inadequate
metabolic handling. i, H;

Because of the stringent control on the compliance to the nutritional therapy and the
standardization of the pulmonary rehabilitation program, other (biological) factors had
to be involved in the etiology of non-response to nutritional therapy. In other words,
other explanations must be sought for the much lower increase in body weight than
would have been expected on base of the change in dietary intake in group 1. -

The phenomenon of non-response might be related to the effects of the enhanced
systemic inflammatory profile on metabolism. Baseline concentrations of the acute
phase protein LBP were elevated, together with a trend towards a higher CRP. The
concentrations of sTNF-R55 and sTNF-R75 were significantly higher in the patients
with a weight gain less than 5% versus the patients with a weight gain of 5% or more.
Furthermore, sTNF-R55 significantly contributed to the variation in weight change
after eight weeks, independently of baseline dietary intake. Previous studies have
shown evidence for a relationship between weight loss and the presence of a systemic
inflammatory response in patients with COPD. Increased serum concentrations of the
inflammatory mediator TNF-a were found in patients with COPD who had
involuntarily lost weight in comparison to weight-stable patients and healthy subjects
(10). Furthermore, the LPS-induced TNF-a production of monocytes was higher in
weight-losing patients with COPD compared to patients not suffering from weight loss
and to healthy subjects (11). A previous study of our group reported increased
concentrations of the acute phase reactant proteins CRP and LBP in hypermetabolic
patients with COPD compared to normometabolic patients. In this hypermetabolic
subgroup the patients with an elevated CRP had elevated concentrations of LBP, IL-8,
sTNF-R55 and sTNF-R75 and expressed a lower FFM (8).

The presence of an elevated inflammatory state has consequences for the protein need
due to an enhanced protein synthesis rate in the liver. Seven days exposure to LPS,
TNF-a or IL-la in rats produced anorexia and weight loss and accelerated peripheral
protein wasting while preserving liver protein content. In contrast, when the animals
were only pair-fed or starved, loss of liver proteins and relative preservation of skeletal
muscle protein occurred (12). It is likely that the patients in our study group, especially
those with an enhanced inflammatory state, exhibited a protein balance in favor of the
liver content. Therefore it is important that protein intake is adequate in order to
increase or preserve peripheral muscle tissue. The finding that the concentrations of
the acute phase proteins, adhesion molecules and inflammatory cytokines did not
change after the nutritional intervention, except for the rise in serum albumin in group
1, emphasizes that the increased protein need will stay present. In addition, the fact
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that the concentrations of the inflammatory markers did not change, provides evidence
against the hypothesis that anorexia and cachexia are causes of an elevated systemic
inflammatory response rather than the consequences (29).

The variation in baseline ECW/ICW ratio significantly contributed for 11% to the
variation in body weight change after nutritional intervention. In line, a tendency
towards a higher ECW/ICW ratio was seen in the patients who failed to respond. This
shifting in body water compartments can possibly be extrapolated to a decreased
cellular hydration state resulting in cellular shrinkage. Cellular shrinkage can be
triggered by a variety of factors, such as uremia, inflammatory state and stress
conditions resulting in hormonal alterations. In the absence of differences in uremic
levels, the reported enhanced inflammatory state of the non-responders could have
induced an increase in ECW/ICW ratio. Cellular shrinkage in turn acts as a catabolic
signal triggering breakdown of protein and glycogen on the one hand and the
expression of gluconeogenic enzymes on the other, together resulting in net protein
breakdown (30). This proposed catabolic response can explain the inverse relationship
between baseline ECW/ICW ratio and FFMI, the latter as a measure of functional
tissue depletion, although one must take into account that the found increase in ECW
was relative to ICW. . .,.• .,;i.v?.,.s .-.».- ;•«>•

Non-responders exhibited a significantly higher fasting serum concentration of glucose
compared to the responders, possibly reflecting the presence of insulin resistance. The
scarce data on insulin and carbohydrate metabolism in patients with COPD are
however conflicting. Jacobsson et al. reported a lower skeletal muscle glycogen
concentration, assessed by a biopsy of the quadriceps femoris, in hypoxemic patients
with COPD compared to a control group; no evidence for insulin resistance of the
peripheral tissues was however found in this COPD group (31). Hjalmarsen et al.
reported in contrast an altered glucose metabolism in severely hypoxemic patients with
COPD (32).
The proportion of patients who were on continuous oxygen support was significantly
higher in the non-responding compared to the responding group. Chronic or even
intermittent hypoxemia is reported to affect intermediary metabolism (33). Hypoxia is
also a stringent depressor of protein synthesis (34). Anorexia, together with a decrease
in the growth rate of muscle tissue, was found to be another effect of hypoxia, which
could not be attenuated by supplementation of extra protein (35). Hypoxia has
furthermore a potentiating effect on the in vitro production of inflammatory cytokines
(1L-1 and TNF-a) after endotoxin stimulation that was postulated to be due to a
decreased anti-inflammatory prostaglandin PGEj synthesis (36, 37).
Further studies are required in order to investigate whether the enhanced glucose levels
and the higher use of additional oxygen represent disturbances in intermediary
metabolism and hypoxemia respectively, as well as the possible relation with non-
response to nutritional therapy. Furthermore it must be stressed that the patient
population studied in this report was too small to rely on for definitive
recommendations.
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In conclusion, despite the overall positive effect of high-caloric nutritional support
incorporated in a pulmonary rehabilitation program in depleted patients with COPD, a
substantial proportion of non-responders was revealed. Non-response in COPD can be
considered as multifactorial problem. Beside the presence of an acute phase response
and an elevated systemic inflammatory response, other factors showed to play a role:
ageing, relative anorexia an shifting in body water compartments. The findings of this
study, although preliminary due to the limited size of the study population, indicate the
complexity of metabolic disturbances in patients with COPD characterized by a
systemic inflammatory response. The results may have important implications for the
treatment of pulmonary cachexia, especially concerning the patients not responding to
oral nutritional therapy. Further research is needed to investigate which options will be
appropriate in the treatment of depleted patients with COPD not responding to high-
caloric nutritional support. :i. .i;,,;i- i ,
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Summary
Anabolic steroids may be an additional mode of intervention to promote anabolism and
improve clinical outcome in various acute and chronic wasting diseases. The present
review discusses the rationale for anabolic steroid treatment in acute and chronic disease,
their mechanistic actions, the available clinical trials in acute and chronic disease and their
side-effects.

Introduction
The sex hormone testosterone has androgenic effects but is also long known for its
anabolic characteristics. Despite limited scientific evidence, testosterone and its analogues
in the form of anabolic steroids have been supplemented for several decades in sports
because of their supposed enhancing effects on muscle mass and muscle performance. In
clinical practice, muscle wasting is a frequently observed complication in many acute and
chronic disease states adversely affecting clinical outcome. Anabolic steroids have been
investigated as treatment alternative to promote anabolism in a variety of wasting diseases
characterized by loss of body cell mass. In this review the rationale for anabolic steroid
treatment in acute and chronic disease is discussed, their mechanistic actions, the available
clinical trials and their side-effects.

Rationale for anabolic steroid treatment
v4cM/e c//sea.ve
During the occurrence of acute disease such as polytrauma, sepsis, major burns or in the
early postoperative period, patients can rapidly lose body cell mass due to an imbalance
between protein synthesis and breakdown. These changes may be (temporarily) tolerated
in non-depleted patients, but there is evidence that depleted patients have a higher risk to
develop morbidity and mortality (1, 2). Under these circumstances catabolic hormones
such as epinephrine and cortisol are increased while anabolic hormones like growth
hormone and testosterone are decreased. The metabolic changes are mediated by a
systemic inflammatory response (3).
Loss of body cell mass cannot be overcome by addition of extra protein or specific amino
acids alone. In contrast, administration of high doses of protein may even be deleterious,
because the protein cannot always be effectively utilized during the stress response of
injury; the excess amino acids need to be oxidized resulting in increased formation of urea
and heat (4). Among treatment strategies, anabolic steroid treatment has only been
evaluated in a few studies with respect to decrease catabolism during acute illness.

C/iro/j/c
Chronic wasting diseases like chronic obstructive pulmonary disease (COPD) and human
immunodeficiency virus (HIV) infection may be a target for treatment with testosterone
or anabolic steroids for several reasons.
Patients infected with HIV will eventually be subject to a range of multifactorial problems
like cachexia, fatigue and weakness which negatively affect quality of life. Since the
magnitude of the depletion of body cell mass correlates with the timing of death in
patients with the acquired immune deficiency syndrome (AIDS), treatment of weight loss
may potentially enhance survival (5). Furthermore, the fact that 25-60% of the patients
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with HIV-infection have testosterone levels in the hypogonadal range is of interest since
this hypogonadism has been shown to be related to weight loss in HIV-infection (6). This
is in accordance with the fact that otherwise healthy men with androgen deficiency suffer
from long term loss of bone and muscle mass leading to physical frailty, increased fracture
risk and inactivity (7). Similarly to HIV-infection, in patients with COPD weight loss
associated with muscle wasting and weakness is a well-known phenomenon, having
negative consequences on exercise capacity, quality of life and survival. Also in these
patients hypogonadism has been reported, especially in relation to body mass depletion
(8).
In both diseases several attempts have been made to reverse the weight loss by instituting
oral nutritional therapy, but not all patients are able to respond to such treatment. In
addition, patients with COPD not responding to oral nutritional therapy were
characterized by a higher mortality rate than responding patients (9 ). For these reasons,
anabolic steroid therapy may be an alternative option for the treatment of body cell mass
W a s t i n g . - . . - . • • . . - • • • • . • • • : . - . ' ; ; - ; # ; j : . " ^ ••• • > ' * . ••• ; • ' - . • - , . ; • : . • • • • • • . • U - . O . f . ' V ' i

In addition to the use of anabolic steroid treatment in the chronic wasting diseases
presented above, the use of anabolic steroids may also be of interest related to other
clinical conditions because of their stimulating effects on bone and haematopoiesis.
The prevalence of chronic diseases increases dramatically in the elderly population. The
aging process per se is accompanied by changes in the hypothalamic-pituitary-gonadal
axis resulting in notable declines in testosterone and estrogen. In addition, partly
independently of aging, many chronic wasting diseases are characterized by both loss of
bone mass (10) as well as below normal testosterone levels as indicated above (6, 8).
Anaemia, which is also related to (inflammatory) cachexia, may be another target for
anabolic steroid treatment. The anaemia in chronic renal failure is mainly due to
erythropoietin (EPO) deficiency, because approximately 90% of the circulating EPO is
made by the kidney (11). Before the availability of recombinant human EPO (rHuEPO),
anaemic haemodialysis patients were treated with anabolic steroids because of their
erythropoietic effect (directly or via EPO) (12).

Mechanistic sites of action of anabolic steroids
Human as well as animal and in vitro studies have been performed in order to get insight
into the mechanistic effects of anabolic steroids on their different sites of action. At the
cellular level, steroid hormones readily pass through the cell membrane of the target
tissue, bind with specific steroid receptors, move to the nucleus where they attach to
nuclear chromatin and stimulate specific messenger RNA by transcription. Ribosomal
DNA then results into new proteins that mediate the hormone's function; the nature and
quantities of proteins produced will vary based on the type of tissue and its sensitivity to
the hormone (13). Sites of action for anabolic steroids are muscle and bone muscle tissue
and haematopoiesis. Anabolic steroids may also have central effects by stimulating
athletes to strive for higher training intensity (14).
In this section the effects of anabolic steroids on muscle and bone muscle tissue, their
interaction with corticosteroids and the effects on haematopoiesis, acute phase response
and immune function are discussed.
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Anabolic steroids act on muscle tissue via two pathways: inducing protein anabolic effects
mediated by the androgen receptor and inhibition of protein catabolic processes via
interaction with the glucocorticoid receptor by neutralizing the effects of endogenous
glucocorticosteroids (15). The mechanisms of body compositional changes and nitrogen
accumulation after administration of anabolic steroids are however poorly defined. The
increases in muscle mass and performance are attributed to anabolic effects on actin and
myosin via somatomedin (14). In a study by Brodsky et al. measurement of muscle protein
synthesis by the increment of ("C)leucine in muscle protein and myosin heavy chain
during infusion of L-(l-"C)leucine after six months testosterone replacement in five
hypogonadal men showed that the accumulation of muscle was associated with an
increase in the fractional synthesis rates of mixed skeletal muscle proteins. Furthermore
a trend toward a rise in myosin heavy chain was seen, implicating that testosterone
enhances skeletal muscle mass by stimulating the muscle protein synthesis rate rather than
by decreasing muscle protein breakdown (16). From muscle biopsy analysis after strength
training with or without a course of 100 mg nandrolone decanoate i.m. during eight weeks
in 13 experienced male body-builders, a significant but minor increase in the fibre cross-
sectional area was seen in the treated group and not in the placebo group, while capillary
ultrastructure and capillary supply did not change (17).
Several animal studies are performed in order to further elucidate the effects of anabolic
steroids on muscle tissue. Nandrolone decanoate has shown to increase type I cross-
sectional area in the gastrocnemius and type Hx/b cross-sectional area in the
gastrocnemius and diaphragm of rats, indicating myocyte hypertrophy. In vitro contractile
and fatigue properties of the diaphragm remained unchanged, except for a decrease in
twitch kinetics (time to peak tension and half-relaxation time). This finding did not
support the hypothesis that anabolic steroids might have more extensive effects on the
diaphragm compared to other muscles because its higher cytosol androgen receptor
density (18). In contrast, another study showed that testosterone treatment during 2.5
weeks in castrated male rats resulted in increases in specific forces, type II total fibre
proportional area and relative expression of all adult diaphragm fast myosin heavy chain
(MHC) isoforms, while in normal males only MHC isoform 2B increased (19). So the
effects of anabolic steroids on diaphragmatic function may be also dependent on basal
circulating androgen levels.

Recent data have demonstrated that androgen receptors are not only present in primary
human osteoblasts, but also in osteocytes and in mononuclear and endothelial cells in the
bone marrow. In vitro, a stimulating effect of androgens on osteoblastic cell proliferation
and differentiation have been shown. Recent evidence further suggests that androgens may
also affect bone resorption by inhibition of osteoclastic differentiation. Testosterone
treatment in hypogonadal men rapidly increases 1,25-dihydroxy vitamin D levels and
corrects calcium malabsorption, leading to an improvement in calcium balance and bone
formation. In eugonadal men, testosterone treatment has shown to increase spinal bone
mass density by reducing the rate of bone resorption rather than increasing bone formation
(20,21).
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Corricosteroids are known to induce respiratory and peripheral muscle weakness (22).
Long-term use of corticosteroids is also a risk factor for developing osteoporosis,
presumably due to suppression of testosterone levels (21). Anabolic steroids may be
useful in corticosteroid-treated patients because they can interact with the glucocorticoid
receptor and neutralize the effects of endogenous glucocorticosteroids, together with the
fact that they exert direct anabolic properties via the androgen receptor. A binding
competition between androgens and glucocorticosteroids for the same site of the receptor
responsible for mediating the catabolic effect of glucocorticosteroids is proposed. Also
inhibition of glucocorticoid action at the gene level or down-regulation of the
glucocorticoid receptor are reported (22). In rats, treatment with nandrolone decanoate
was able to antagonize the loss of diaphragm force induced by long-term low-dose
methylprednisolone administration. Furthermore, the ±10% reduction in force generation
by methylprednisolone was completely abolished, as well as the reduction in type Ila and
IIx, but not type I, fibre cross-sectional area. The decrease in glycogenolytic activity and
the increase in fatty acid oxidation capacity were however not reversed by nandrolone
(22).
The anticatabolic effects of anabolic steroids by blocking or displacing cortisol from
glucocorticoid receptors within the cell may also be advantageous in sports. The
antagonism prevents cortisol, which is secreted in response to the physical stress of
intense and frequent workouts, from exerting its catabolic effect within the tissue. The
potential benefit of this is a more rapid recovery time resulting in longer or more intense
training sessions (13).

The hormone EPO binds to specific receptor sites of committed erythroid progenitor cells
(colony-forming units-erythroid; CFU-E), causing cells to proliferate and differentiate into
normoblasts. Anabolic steroids act mainly via stimulation of EPO synthesis but also
directly on erythropoiesis; androgens are supposed to enhance erythropoietic stem cell
differentiation and to increase the sensitivity of erythroid progenitors, including CFU-E
and burst-forming units (BFU-E), to EPO. These two mechanisms result to a synergistic
effect of anabolic steroids and EPO (11, 12).

Since anabolic steroids increase (muscle) protein synthesis, they might theoretically also
enhance the production of acute phase and immune proteins. In patients with alcoholic
hepatitis, in whom malnutrition often occurs as a complicating factor in the recovery and
as a significant risk factor in survival, short-term treatment with oral oxandrolone and/or
parenteral amino acid in dextrose supplementation resulted in marked improvements in
negative acute phase proteins like serum albumin and transferrin versus standard therapy
alone (abstinence, nutritionally adequate diet and multivitamins) (23). In the same study
population there was furthermore evidence that oxandrolone exerted some additional
effect, particularly on serum prealbumin levels (24). Another study also reported
beneficial effects of oral oxandrolone combined with high caloric supplementation on
visceral proteins, but these effects did not differ from treatment with standard care (25).
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In a placebo-controlled, double-blinded randomized trial in 217 patients with COPD, the
effects of nutritional intervention alone or combined with nandrolone decanoate (men 50
mg, women 25 mg i.m. every two weeks during eight weeks) were evaluated (26). Not
previously published data on the negative acute phase response showed a rise in albumin
in the nutrition group after four weeks and after eight weeks in the nandrolone + nutrition
group (figure 1). Prealbumin only increased in the group treated with nandrolone after
eight weeks (figure 2). A rise in transferrin was seen in both the nutrition and the nutrition
+ nandrolone group after four and eight weeks. Furthermore, the increase in transferrin
after eight weeks was significant higher in the nandrolone group compared to placebo
(figure 3).

s

Figure 1: Effects of nandrolone decanoate and nutritional supplementation versus nutritional
supplementation alone and placebo in 217 patients with chronic obstructive pulmonary
disease on the negative acute phase protein albumin. Previous unpublished data from trial
featured in reference 26.

In a rat model of intra-abdominal sepsis, danazol has shown to increase the hepatic acute
phase response (a,, a, and P, globulin serum protein fractions) which may be beneficial
in the prophylactic treatment of subjects at increased risk of sepsis (27). On the other
hand, it was hypothesized that the immune system plays a substantial role in the origin of
side-effects of anabolic steroids, because of the down-regulating effects of
glucocorticosteroids by anabolic steroids. Indeed nandrolone decanoate and
oxymethenelone inhibited in a murine model the production of antibodies against sheep
red blood cells and directly induced the production of the inflammatory cytokines IL-lB
and TNF-rx but not of IL-2 and IL-10, while testosterone and dehydroepiandrosterone did
not. Furthermore, nandrolone inhibited interferon production in a human cell line and the
production of corticotropin by human peripheral blood lymphocytes following viral
infection (28).
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Figure 2: Effects of nandrolone decanoate and nutritional supplementation versus nutritional
supplementation alone and placebo in 217 patients with chronic obstructive pulmonary

. , .. disease on the negative acute phase protein prealbumin. Previous unpublished data from
trial featured in reference 26.

: ; i m ! ' • : , : > ; •

3.20

3.00

- [ T !
i ••-'., v

1 1

*

*

" T

1

*•*
*r
i

CZl

Figure 3: Effects of nandrolone decanoate and nutritional supplementation versus nutritional
supplementation alone and placebo in 217 patients with chronic obstructive pulmonary
disease on the negative acute phase protein transfemn Previous unpublished data from
trial featured in reference 26

Little is known about the effects of anabolic steroids on immune function and immune
disorders. In patients with the autoimmune disease Primary Sjogren's Syndrome,
treatment with nandrolone decanoate revealed a significant decrease in the erythrocyte
sedimentation rate (ESR). Another anabolic steroid, stanozolol, has shown to exert
fibrinolytic effects in patients with rheumatoid arthritis, which may explain the decrease
in ESR in this study (29).
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Taking together, the suggested upregulating effects of anabolic steroids on visceral
proteins as an augmentation of the negative hepatic acute phase response and the
decreasing effect on ESR may be beneficial in ill subjects. However, in the reports about
hepatitis, the effects of the anabolic steroid treatment on visceral proteins could not be not
separated from standard care or nutritional supplementation alone. Therefore, these
studies are inconclusive and further investigation is needed. One should furthermore
consider the evidence for stimulation of TNF-a and IL-1, cytokines known for their
cachectic and anorectic effects, by anabolic steroid treatment. The induction of these
cytokines may be deleterious when the production runs out of control in patients already
suffering from wasting of body cell mass accompanied by an increased inflammatory
state.

Clinical trials

Placebo-controlled treatment with 50 mg nandrolone decanoate on day three and 25 mg
on day six in 20 polytrauma patients together with parenteral and enteral nutrition resulted
in a diminished negative nitrogen balance and 3-methyl-histidine excretion during the first
seven days after the polytrauma event. The plasma amino acid levels were higher in the
treated group compared to the control group and renal losses of amino acids as well as the
cumulative nitrogen excretion over ten days were reduced (1).
In a study with 60 patients undergoing colorectal surgery and receiving amino acid
infusions via a peripheral vein during the first four postoperative days, administration of
a single i.m. injection of stanozolol (50 mg) 24h preoperatively improved cumulative
postoperative nitrogen balance compared to placebo (-7 vs. -14 g/four days). Little or no
additional beneficial effect of stanozolol was observed in patients receiving a dextrose-
saline regimen or a glucose-amino acids-fat emulsion. Otherwise, only the provision of
a more complete nutritional regimen consisting of glucose, amino acids and fat resulted
in a positive nitrogen balance unaffected by stanozolol (2).
Placebo-controlled treatment with the anabolic steroid oxandrolone (10 mg orally twice
daily) was investigated in 13 patients during the first three weeks of the recovery phase
after major burn injury (30-50% of total body surface area) combined with a high calorie
and protein diet (2 g protein/kg/day). All patients participated in a strength and endurance
training program. While total dietary intake was the same, the treated group showed a
higher average weight gain (7 kg) and a greater improvement in muscle function
quantified by the physical therapy index compared to placebo (weight gain: 3.8 kg) (3).
These studies indicate that small doses before and/or during acute illness have a positive
effect on the nitrogen balance. The disadvantage of these studies is that the study groups
are heterogenous and that the findings may be partly ascribed to effects of nutrition and/or
training alone. Furthermore, outcome parameters such as nitrogen balance and 3-methyl-
histidine excretion are not very sensitive and can therefore not be used to draw definitive
conclusions. So whether these short-acting beneficial effects of anabolic steroids on
nitrogen retention for the benefit of protein synthesis can be translated into an
amelioration of clinical outcome requires further investigation.
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Before describing the trials with anabolic steroids performed in chronic disease, a study
in healthy subjects is presented in order to get insight into the effects of supraphysiologic
doses of testosterone on muscle size and strength in health. Bhasin et al. set up a
randomized, double-blinded, placebo-controlled study in 43 healthy men with experience
in weight-lifting. They were randomized into four groups: placebo-no strength training,
placebo-strength training (weight-lifting three times daily), testosterone (600 mg
intramuscularly (i.m.) weekly for 10 weeks)-no strength training and testosterone-strength
training. Protein and energy intake were standardized.
Of the men in the no-strength training group, those with testosterone treatment had greater
increases in fat-free mass (3.2 kg, ns vs. 0.8 kg, ns) and triceps and quadriceps muscle size
and muscle strength. The men in the testosterone-strength training group had greater
increases in fat-free mass (6.1 kg, p<0.001), muscle size and muscle strength than those
in the two no-strength training groups. The men in the placebo-strength training group
achieved an increase in fat-free mass of 2.1 kg (p=0.017). See figure 4 for the changes in
fat-free mass and muscle size and strength. It can be concluded from this well-designed
study that supraphysiologic doses of testosterone, especially when combined with strength
training, are at least able to increase fat-free mass and muscle size and strength in healthy
men (30). ,,.. _

Human immunodeficiency virus infection ,,'• - f,-
In a study 41 HIV-infected men with low testosterone levels were randomly assigned to
placebo or treatment with transdermal testosterone patches designed to release 5 mg/day
testosterone for 12 weeks. Serum testosterone increased together with an increase in lean
body mass, while no change in body weight was seen. Overall health related quality of life
did not change, while role limitation due to emotional problems improved in the treated
group (6).
The effects of oral oxandrolone therapy were evaluated in a double-blinded, placebo-
controlled study in 63 weight-losing HIV-infected patients with established muscle
weakness. Patients were randomized to receive placebo, 5 mg/day oxandrolone or 15
mg/day oxandrolone during 16 weeks. Body weight decreased in the control group,
remained stable in the 5 mg/day group and increased in the 15 mg/day group. Significantly
more patients in the 15 mg/day group reported improvements in appetite and activity
compared to placebo, while muscle strength and weakness did not improve (31).
The treatment with oxymetholone (three times daily 50 mg; in half the patients combined
with the TNF-cc blocking drug ketotifen) was evaluated in a non-blinded study during 30
weeks in 30 chronically weight-losing, otherwise stable patients with HIV infection
compared to 30 control patients. All patients received protein and vitamin supplements
besides their regular medication. Body weight showed a dramatic increase (7.1 kg),
irrespectively of ketotifen addition, compared to a decrease of 1.8 kg in the control group.
The mean time to peak weight was 20 weeks. The Kamofski index, which indicates the
ability to perform activities of daily life, improved with 11% after 20 weeks. Quality of
life improved in 80% of the patients (5).
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Figure 4:

P<0.001

. , ? , ' , i

Placebo Testos-
terone

No Exercise

Placebo Testos-
terone

Exercise

Changes from baseline in mean±SEM in fat-free mass, triceps and quadriceps cross-
sectional areas and muscle strength in the bench-press and squatting exercises over 10
weeks of treatment. The p-values shown are for the comparison between the change
indicated and a change of zero. The asterisks indicate p<0.05 for the comparison between
the change indicated and that in either no-exercise group; the daggers p<0.05 for the
comparison between the change indicated and that in the group assigned to placebo with
no exercise and the double daggers p<0.05 for the comparison between the change
indicated and the changes in all three other groups.

In another non-blinded trial the effects of 16 weeks treatment with nandrolone decanoate
(100 mg/ml i.m. every two weeks) were investigated in 24 male weight-losing patients
with HIV infection resistant to nutritional intervention therapy. The treatment was
combined with a specific exercise program aimed at increasing muscle mass. Mean body
weight increased (0.14 kg/week), as well as lean body mass (3 kg) and quality of life
parameters (especially functionality) (32).

Chronic obstructive pulmonary disease
In a placebo-controlled, double-blinded randomized trial in 217 patients with COPD, the
effects of nutritional intervention alone or combined with nandrolone decanoate (men 50
mg, women 25 mg i.m. every two weeks during eight weeks) incorporated in a pulmonary
rehabilitation program were evaluated. The depleted patients showed increases in body
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weight (2.6 kg), fat-free mass (1.9 kg) and maximal inspiratory mouth pressure (Pl-max)
after both treatments, but only in the nandrolone group the rise in fat-free mass and Pl-
max was higher compared to placebo. The changes in body composition are shown in
figure 5 (26).
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Figure 5: Fat-frcc mass (FFM) (top panel) and subcutaneous assessed fat mass (FM) (middle panel)
changes in relation to the weight gain (bottom panel) in depleted COPD patients.
Dashed/dotted line: placebo; solid line: nutrition; dashed line: nutrition and anabolic
steroids. * Indicates a significant (p<0.03) difference between nutrition or nutrition and
anabolic steroids and placebo ! Indicates a significant (p<0.03) difference between
nutrition and nutrition and nutrition and anabolic steroids.

123



Oiapter #

Besides this short-term study, a long-term placebo-controlled, double-blinded randomized
trial was performed evaluating the effects of oral stanozolol treatment (12 mg) during six
months in 23 male depleted patients with COPD with a low Pl-max. The treatment was
preceded by an i.m. injection with testosterone (250 mg). All patients received inspiratory
muscle and cycle ergometer training but no nutritional supplementation was offered. Body
weight increased with 1.8 kg, while the control group lost weight. Lean body mass also
increased, as well as arm muscle and thy circumference. However, no significant changes
in Pl-max, the 6 minutes walking distance or maximal exercise capacity could be detected
(14). , ! .„ - - • - - , . . . - • • •;,

In summary, the available studies in HIV-infection and COPD reveal that treatment with
anabolic steroids has substantial effects on body composition, but the functional effects
are still to be precisely defined. Furthermore, the effects of anabolic steroids in chronic
wasting seem also dependent on supportive treatment like nutritional supplementation and
exercise.

Besides the comprehensive experience of anabolic steroid treatment in HIV infection and
COPD described above, very few recent studies have been performed in other diseases
leading to body cell mass depletion. An uncontrolled study in ten boys with Duchenne's
muscular dystrophy (6-9 years) treated with oral oxandrolone (0.1 mg/kg/day during three
months) showed an improvement in average functional muscle score of 34 while from
natural history data a decrease during this period would have been expected (33). There
are few uncontrolled studies in which the effects of testosterone replacement in
hypogonadal men are evaluated. Positive effects on fat-free mass, muscle size and strength
and bone resorption were demonstrated, but it should be emphasized that they were
uncontrolled (7, 34).

Osteoporosis
Several long-term studies (ranging from 6-24 months) are performed investigating the
effects of anabolic steroid treatment (nandrolone decanoate) in osteoporotic elderly
women. These studies showed in general increases in bone mineral content probably due
to inhibition of bone resorption accompanied by an increase in bone density and in one
study a reduction in bone pain complaints (35-37).

Renal failure
In order to investigate whether anabolic steroids can enhance the effect of EPO on
haematopoiesis versus EPO alone in renal anaemia, a few studies are performed. The
results are somewhat inconclusive; one study showed no beneficial effect on top of
rHuEPO (12) while two other studies reported higher increases in haematocrit and a
reduction in the number of blood transfusions and in the rHuEPO dose needed after
additive treatment with anabolic steroids (11, 38).
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Side-effects of anabolic steroids
Anabolic steroids are often discredited due to negative publicity about abuse by athletes.
Treatment with anabolic steroids as therapy during acute disease has minimal chance of
complications due to the generally short treatment time. However, Hausmann et al. stated
that anabolic therapy may be a contraindication in surgical patients because of water
retention (1).

The detrimental side-effects of anabolic steroids in health and chronic disease reported
in the literature are highly dose-dependent and it must be emphasized that they only
appear after long-term treatment (like in osteoporosis).
The virilizing effects of androgens like hirsutism, acne, voice change and alopecia
generally abate with dose reduction or discontinuation of treatment; no clinical sequelae
or irreversible pathophysiologic effects have been associated with this masculinization
(39). Anecdotal reports of 'roid rage' by androgenic steroid users have brought attention
to the relationship between anabolic steroid use and angry outbursts. However, a placebo-
controlled trial in healthy men did not show evidence for an increase in angry behaviour
after testosterone treatment reported by the subjects themselves and by close relatives
(40).
Anabolic steroids are primarily excreted in the urine, so hepatotoxicity is negligible.
Therefore reports of jaundice, peliosis heparis and hepatocellular carcinoma are extremely
rare at the dose levels of anabolic steroids used in hormone replacement therapy (39).
Due to the haematopoietic effects of anabolic steroids, an increased haematocrit together
with a tendency towards thrombosis is reported (41). Furthermore, anabolic steroids are
known to induce vasodilation and thereby increase blood pressure which is a risk factor
for cardiovascular disease (39, 42). Water retention may eventually result in oedema (41).
Changes in lipoprotein profile typically accompanying the administration of androgens
include reduced high-density lipoprotein cholesterol, with marginal effects on low-density
lipoprotein cholesterol and triglyceride levels (42). These alterations may increase the risk
for coronary heart disease (43) but seem to be reversible and to be more related to the
treatment dose than to the duration (39).

Conclusions
A short-term course of anabolic steroids may be an additional mode of intervention to
enhance the increase in body cell mass and physical performance in frailty and in chronic
wasting diseases such as HI V-infection and COPD because of their effects on muscle and
bone tissue and their antagonism with corticosteroids. An adequate calorie and especially
protein intake is however required in order to optimize the anabolic effects of these drugs.
In view of the potential side effects, treatment duration and dose should be limited.
Furthermore, one should consider whether the additional effects on haematopoiesis are
desirable or not. The available study designs in acute disease, characterized by
heterogeneity of study populations and poor sensitivity of outcome measures, don't
however allow a positive advise yet for use of anabolic steroids during acute tissue
depletion.
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Chapter 9

A role for anabolic steroids in the rehabilitation of patients
with chronic obstructive pulmonary disease?

:! A double-blind, placebo-controlled, randomized trial
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Abstract

Muscle wasting commonly occurs in patients with chronic obstructive pulmonary disease
(COPD), negatively affecting muscle function, exercise capacity and health status.
Chronic use of systemic glucocorticosteroids (GCs) further contributes to muscle
weakness and wasting. Anabolic steroids could be an additional mode of intervention for
the treatment of muscle weakness in COPD.

We randomly assigned 63 male patients with severe COPD to receive on day 1, 15, 29 and
43 a deep i.m. injection in the m. gluteus maximus with 50 mg nandrolone decanoate (ND;
Deca-Durabolin*, NV Organon, Oss, The Netherlands) in 1 ml arachis oil or 1 ml arachis
oil alone (placebo) in a doubly-blinded design. Outcome measures were fat-free mass by
deuterium dilution, respiratory and peripheral muscle function, exercise capacity
(incremental bicycle ergometry) and health status (St. George's Respiratory
Questionnaire; SGRQ). , ,

Treatment with ND relative to placebo resulted in higher increases in fat-free mass (
(ISVJy 1.7 (2.5) vs. 0.3 (1.9) kg, p=0.010), peak oxygen pulse (1.2 (1.4) vs. 0.5 (1.3) ml,
p=0.034) and the SGRQ symptom score (18 (19) vs. 6 (16)%, p=0.027). 49% Of the
patients were treated with long-term, low-dose oral GCs (7.5 (2.4) mg/24h). In users of
oral GCs, Pl-max only increased after ND (6.0 (8.8) cm HX), p=0.032) but not after
placebo (-2.2 (11.1) cm HjO, NS). In addition, treatment with ND relative to placebo in
users of oral GCs lead to higher improvements in peak work load (20 (20) vs 5 (8) W,
p=0.010) and peak lactate/peak work load ratio (-0.02 (0.03) vs 0.0 (0.02) mmolAV*l,
p=0.046).
C o « c / i H i o n . v •' "•• '

A short course of ND had an overall positive efficacy relative to pulmonary rehabilitation
alone on body composition, peak oxygen pulse and health status in patients with severe
COPD. The use of oral GCs as maintenance medication significantly attenuated the
response to pulmonary rehabilitation with respect to respiratory muscle function and
exercise capacity, which could be restored by ND treatment.

Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by chronic airflow
limitation that progresses slowly over time and is, by definition, largely irreversible (1).
In addition to the deteriorating lung function, COPD is associated with multi-factorially
caused impairments in skeletal muscle function, resulting in a decreased exercise capacity.
Fat-free mass (FFM) is an important determinant of physical capacity. Tissue depletion
commonly occurs in COPD, its prevalence increasing from 20% in clinically stable
outpatients (2) up to 35% in patients eligible for pulmonary rehabilitation (3). Loss of fat-
free mass (FFM), as an indirect measure of muscle mass, adversely affects respiratory and
peripheral muscle function (2) exercise capacity (3) and health status (4). In addition,
selective wasting of FFM, despite relative preservation of fat mass (FM), has been
reported (5), indicating the presence of underlying disturbances in energy or intermediary
metabolism.
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In patients with COPD there is indeed evidence for a relationship between an enhanced
systemic inflammatory response on the one hand and FFM depletion (6) and relative
anorexia on the other (7,8). Furthermore, decreased levels of anabolic hormones may
further aggravate the failure of generating an anabolic response needed for muscle
anabolism. Indeed low levels of testosterone were reported in COPD, which were even
more pronounced in patients on oral glucocorticosteroid (GC) therapy (9). Long-term,
low-dose systemic GCs are prescribed as maintenance antiinflammatory medication in a
substantial number of patients. Chronic use of oral GCs further contributes to weakness
and wasting of both the respiratory and peripheral muscles in patients with COPD (10).
The COPD population comprises mainly elderly subjects. Aging per se is already
accompanied by a decline in the size of muscle fibers and thereby in muscle function (11).
Furthermore, many patients with COPD reduce their level of exercise dramatically in
response to exertional dyspnea. The resulting sedentary lifestyle leads to muscle
deconditioning (12). • > .<.- ...-.:,, ..,•,..-.. •,

Because of the negative consequences of muscle weakness and wasting in patients with
COPD, anabolic stimuli such as training or anabolic steroids might be considered as
treatment in these patients. Only a few controlled studies on anabolic steroid
supplementation have been performed in COPD. Our group previously investigated the
effects of nandrolone decanoate (ND) combined with nutritional support versus nutrition
alone or placebo, as an integrated part of an eight-week pulmonary rehabilitation program.
In the patients depleted in body mass, both treatment regimens resulted in improvements
in body weight, FFM and maximal inspiratory mouth pressure (Pl-max). Only in the group
treated with ND however, the rises in FFM and Pl-max were significantly higher than in
the control group (13). Besides this short-term study, others have evaluated the effects of
six months of oral stanozolol treatment in male patients with COPD depleted in body
mass and with a low Pl-max. The treatment was combined with inspiratory muscle
training and cycling. Body weight, lean body mass as well as arm muscle and thigh
circumference increased. However, the changes in Pl-max, six minute walking distance
and maximal exercise capacity were not different from the control group (14).
These previous studies with anabolic steroids have predominantly evaluated their efficacy
in the treatment of weight loss. However, imposition of anabolic stimuli may be indicated
as an additional mode of intervention to improve muscle mass and function in COPD,
irrespective of weight loss. Furthermore, the effects on physical performance and health
status are still to be precisely defined. As another application for therapy in COPD,
anabolic steroids might be effective in patients using oral GCs as maintenance medication.
In experimental animal models, ND was able to reverse the diaphragmatic muscle
weakness and wasting specifically induced by systemically administered GCs (15,16).

The present study aimed to investigate the effects of ND treatment embedded into an
eight-week pulmonary rehabilitation program on body composition, respiratory and
peripheral muscle function, exercise performance and health status in male patients with
COPD. The treatment consisted of 50 mg ND (Deca-Durabolin*. NV Organon, Oss, The
Netherlands) given i.m. every two weeks in a randomized, placebo-controlled, doubly-
blinded study design. The patients were post-stratified by maintenance oral GC use in
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order to evaluate whether the patients on oral GCs would respond differently to the ND
therapy. ,j ;, , . . , „ , , > , . , ,.., j , . = , . , , , . , , » , , . „ „ . . . , , : . , , , . > . ,..,-•

; : ; • • • • . . • • • •

Patients and methods

The patients were consecutively admitted to a pulmonary rehabilitation center and were
included if they fulfilled the criteria for COPD according to the ATS guidelines (17). The
FEV, had to be less than 70% of the reference value and the increase in FEV, after
inhalation of a Bj-agonist less than 10% of the reference value. Obese patients (body mass
index (BM1); body weight/height' >30 kg/nr) and subjects younger than 18 years were
excluded from the study. Other criteria for exclusion were malignancies, cardiac failure,
chronic hypoxemia at rest requiring continuous oxygen support (PaO; <7.3 kPa),
gastrointestinal abnormalities such as inflammatory bowel disease and severe endocrine
disorders such as insulin-dependent diabetes mellitus. Only patients in a clinically stable
condition (not suffering from a recent respiratory tract infection) and without clinical
signs of edema were included. The final intent-to-treat study group consisted of 63 male
patients (age /weaw $D) 66 (8) years) with severe COPD (forced expiratory volume in one
second; FEV,: 36 (14)% of predicted). The study was approved by the medical ethical
committee of the University Hospital Maastricht and all subjects gave their informed
consent in writing.

L u n g f u n c t i o n : . • • : • . . ; ; L >, •:•.:•:. ' '.

At baseline, FEV, and inspiratory vital capacity (IVC) were calculated from the flow
volume curve using a spirometer (Masterlab®, Jaeger, Wiirzburg, Germany). Diffusing
capacity for carbon monoxide (DLco) was determined using the single breath method
(Masterlab®, Jaeger, Wiirzburg, Germany) and was corrected for alveolar volume (Kco).
Lung function parameters were expressed as percentage of reference values (18). Blood
was drawn from the brachial artery while the patients were breathing room air. Arterial
oxygen tension (PaO,) and carbon dioxide tension (PaCOj) were analyzed on a blood gas
analyzer (Radiometer, ABL 330, Copenhagen, Denmark).

The following measurements were performed at baseline and after eight weeks of
treatment.

Laboratory parameters
For safety analysis, standard laboratory parameters were assessed. The patients were in
the fasting state for at least 10 h. Biochemistry included measurements of serum sodium,
potassium, calcium, creatinine, glucose, ASAT, ALAT, y-GT, total bilirubin, total protein,
albumin, urea and lactate dehydrogenase (LDH) by spectrophotometric analysis (Cobas
Mira*; Hoffmann-La Roche, Basel, Switzerland). In whole blood, the hematological
parameters hemoglobin, hematocrit, erythrocyte sedimentation rate (ESR) were measured,
as well as erythrocyte, leukocyte and thrombocyte counts. Leukocytes were differentiated
into neutrophils, lymphocytes, eosinophils, basophils and monocytes (Cobas Micro*;
Hoffmann-La Roche, Basel, Switzerland).
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Body composition
Body height was determined to the nearest 0.5 cm (WM 715, Lameris, Breukelen, The
Netherlands) with subjects standing barefoot. Body weight was assessed with a beam
scale to the nearest 0.1 kg (SECA, Hamburg, Germany) with subjects standing barefoot
and in light clothing. To measure total body water (TBW), each patient received in the
late evening around 10 p.m. a weighted (1 g/1 estimated TBW) oral dose of deuterium-
labeled water (99.84 atom percent excess) mixed into 70 ml water. For the estimation of
extracellular water (ECW) 60 mg sodium bromide/1 predicted TBW was added to the
deuterium dose. Just before and approximately 10 h later, after complete emptying of the
bladder, urine and venous blood samples were obtained. Urine was analyzed for
deuterium with an isotope ratio mass spectrometer according to the Maastricht protocol
(19). Deuterium dilution space was calculated from the quantity of administered
deuterium and the urine deuterium concentrations before and after complete distribution.
TBW was calculated from deuterium dilution space by applying a conversion factor of
1.04, which corrects for the exchange of labile hydrogen which occurs in humans during
the equilibration period. The ECW compartment was analyzed using bromide detection.
ECW was estimated by the corrected bromide space, which was calculated from the
quantity of administered bromide and the serum bromide concentrations before and after
complete distribution. Bromide concentration in serum ultrafiltrate was determined by
HPLC according to the anion exchange chromatographic method (20). Intracellular water
(ICW) was calculated by subtracting ECW from TBW. FFM, extracellular mass (ECM)
and intracellular mass (ICM) were calculated assuming a hydration factor of 0.73. FM was
calculated by subtracting FFM from body weight. , •..-..--

M u s c l e f u n c t i o n ':•• - - ••; • •• .• ' • • • • • • • • • • • • - , - ' •'•• • • . ' ' ' ' .• :• < ••

Respiratory muscle function was assessed by measuring Pl-max according to the method
of Black and Hyatt (21). The best of three attempts was taken for analysis. Pl-max values
were noted as positive values. Skeletal muscle function of the upper extremities was
assessed with use of a Harpenden handgrip dynamometer (Yamar*, Preston, Jackson, MI,
U.S.A.). The isometric grasp was determined by measuring the maximally developed
strength of the flexors of the fingers of both hands. The highest value of three maneuvers
was used. The average of the maximal left and right handgrip strength was taken for
analysis. Isometric strength of the lower extremities was measured with a 'multi-joint'
dynamometer device (Aristokin*, LODE, Groningen, The Netherlands). The feet were
attached against a fixed support while seated with knees bent at a 120° angle. The patients
generated their maximal isometric force of the legs against an applied resistance of 2200
N while their seat was fixed. The best of three performed repetitions was used in the
analysis. Using the same equipment, linear isokinetic muscle function of the lower limbs
was assessed While seated with knees bent at a 90° angle, the feet were attached against
a fixed support, leaving the ankles free to rotate. The patients performed maximal
isokinetic extension of the legs against an applied resistance of 250 N. The rate at which
the seat shifted backwards was set at 60 cm/s (preload: 150 N during 0.3 s ) ; the velocity
of the contraction thus remained constant. At this isokinetic rate, the maximal energy
generated by the legs mainly determined the outcome of the performance. The highest
power value from five repetitive attempts was taken for analysis. During all muscle
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function tests, the patients were encouraged to perform as optimally as they could.

Exercise capacity '^-^ ' * >r-....ri... •! • :
An incremental bicycle ergometry test was performed on an electromagnetic brakes
ergometer (Corival 400*, Lode, Groningen, The Netherlands) to investigate maximal leg
exercise capacity. After a two minute resting period and one minute unloaded cycling,
power was increased every minute by 10 W. The load cycled was unknown to the patients
who were encouraged to cycle for as long as possible. Peak work load was compared with
the predicted values (22). During the exercise test, heart rate was monitored (Sport-tester*,
Polar electro Cy, Kempele , Finland). Oxygen consumption (V 'Oj ) was measured and
calculated from breath by breath analysis using a breathing mask (Oxycon Beta*. Jaeger,
Wiirzburg, Germany). The equipment was calibrated before the tests and the accuracy of
the system was regularly assessed using a methanol combustion test. Immediately before
and two minutes after reaching the peak work load, a venous blood sample was taken to
measure the concentration of lactate. The blood samples were stored on ice (4 °C) and
centrifuged for 5 minutes at 3000 rpm (Sigma 2-15®, Lameris, Breukelen, The
Netherlands). Plasma lactate was determined enzymatically using an automated system
(Cobas Mira*, Roche, Basel, Switzerland). Peak work load, peak V ' O j the ratio between
peak V O 2 and peak heart rate (peak oxygen pulse) and the ratio between peak lactate and
peak work load (peak lactate/peak work load) were used in the analyses.

Health status • ••> :
Health status was measured by the St. George ' s Respiratory Questionnaire (SGRQ), a
standardized, sensitive and reproducible questionnaire specific for patients with lung
diseases (23). The SGRQ consists of 76 items and is designed to allow direct comparisons
of the health gain to be obtained with different types of interventions. After it was filled
out by the patients themselves, subscores ranging from 0 to 100% for the categories
symptoms (distress due to respiratory symptoms), activity (disturbance of physical
activity) and impact (overall impact on daily life and well-being) were calculated, as well
as the total score (mean of the three scores). A high score means greater impairment in
health status thus a reduction in score implies an improvement in health status. The
Cronbach a (a measure of homogeneity of the items within each category) is 0.60 for
symptoms , 0.82 for activity and 0.71 for impact. A change from baseline score of four
points or more after treatment is considered as clinically significant. This was based on
a multivariate model in which the SGRQ score was related to clinically appropriate
changes in a range of disease-related variables. In addition, minimum subjective efficacy
of therapy corresponded with a change in SGRQ of four points (23).

After inclusion, the patients were randomly allocated to receive ND or placebo. When all
baseline measurements were performed, the patients received on day one, fifteen, twenty-
nine and forty-three in a double-blind fashion a deep i.m. injection in the m. gluteus
maximus with 50 mg ND in 1 ml arachis oil or 1 ml arachis oil alone (placebo). Patients
were post-stratified by oral GC use as maintenance medication. Further analyses were
done with the subgroup of patients long-term treated with low-dose oral GCs.
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The intervention was incorporated into an eight-week, standardized inpatient pulmonary
rehabilitation program, consisting of general physical training with particular attention to
exercise in relation to daily activities, cycle ergometry (load depending on the maximal
load during an incremental bicycle ergometry test), treadmill walking, swimming, sports
and games. No strength training was offered. In addition, an educational program about
the disease and medication use was implemented. When appropriate, psychologic or
occupational therapy was given. The diet that was offered to the patients was standardized
because of the inpatient setting. In addition, patients who were depleted in body mass or
in FFM or were weight-losing received nutritional supplementation therapy (500-750
kcal/24h extra), in order to bring all patients in an as optimal as possible nutritional state.
The total protein content of the diet was more than enough to ensure optimal protein
synthesis. This was based on the available data in the literature that protein synthesis is
optimally stimulated during administration of 1.5 g protein/kg body weight/24h (24).

The intent-to-treat group consisted of 63 subjects (ND: n=33, placebo: n=30). One patient
in the ND treated group discontinued because he accidentally received an ampule with
Deca-Durabolin* instead of study medication, one patient was not willing to cooperate
further with the study (placebo group), one patient resigned from the rehabilitation center
because of familial problems (placebo group) and one patient was to weak to fulfill the
exercise tests anymore (ND treated group). As determined by an independent chest
physician, three patients in the ND treated group discontinued because of a serious
adverse event, i.e. intubation for mechanical ventilation due to respiratory insufficiency
during a respiratory tract infection. Two of the three patients suffering from respiratory
insufficiency died during the study period. Four of the above mentioned seven subjects
were excluded from the per-protocol group that consisted of all subjects who had at least
one post-baseline assessment of at least one of the primary efficacy parameters (n=59;
ND: n=30, placebo: n=29). 52 Patients completed the study (ND: n=28, placebo: n=28).
No differences in the number of patients dropping out from the study were seen between
the treated and the placebo group. No side effects during ND treatment were noted.

Statistical analysis on the efficacy parameters was performed in the per-protocol group.
Differences between the groups were non-parametrically analyzed by the Mann Whitney
U test for independent samples. Changes within the groups between baseline and week
eight were tested by applying Wilcoxon's rank sum test. Significance was determined at
the level of 5%. Data are expressed as mean (SD) in the text and as mean (1%'A )̂ in the bar
graphs. Data were analyzed according to the guidelines of Airman et al. (25), using SPSS-
/PC+ (statistical package for the social sciences, version 9.0 for Windows, SPSS Inc.,
Chicago, IL, U.S.A.).

Results

The baseline characteristics of the intent-to-treat group are shown in table 1. Lung
function and exercise capacity were severely compromised when compared with the
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predicted values. About half of the patients were using oral GCs as maintenance
antiinflammatory medication. No differences in (safety or efficacy) parameters at baseline
were seen between the patients treated with ND versus placebo, nor between patients who
were using oral GCs as maintenance medication versus patients who were not. Other
maintenance respiratory medication included: 62-sympathicomimetics (97% of the
patients in both groups), theophyllines (53% in the treated group and 79% in the placebo
group (p=O.O33), ipratropium bromide (87% and 91% respectively, NS) and inhalation
glucocorticosteroids (77% and 85% respectively, NS).

Table 1: Baseline characteristics of the intcnt-to-treat group.

. - • • • • • > . . , . - : . - ; ; . . , . ' . . . . .

1 1 : ' • • ' , r . - • • • ' ' : I : • .

Age
Forced expiratory volume in 1 s.
Inspiratory vital capacity
Diffusing capacity/alveolar volume
Arterial 0 ; pressure
Arterial CO; pressure
Body mass index
Fat-free mass index
Peak work load
Oral glucocorticosteroids'

(yrs)
(%pred)
(%pred)
(%pred)
(kPa)
(kPa)
(kg/nr)
(kg/nr)
(%pred)
(mg/24h)

Nandrolone
Decanoate
33

66
38
87
65
9.9
5.6
21.4
15.9
37
7.6

(8)
(17)
(17)
(25)
(1.4)
(0.8)
(3.6)
(1.8)
(17)
(25)

Placebo
30
mei

67
33
81
59
9.3
5.6
21.
15.
40
7.3

(7)
(10)
(14)
(26)
(1.1)
(0.7)

7 (3.5)
7 ( 1 4 )

(15)
(2.5)

NvsP

NS
NS
N S • '

NS
NS
NS
NS
NS
NS
NS

'Mean dose in patients using oral glucocorticosteroids: 19/33 patients in the nandrolone decanoate treated
group and 12/30 patients in the placebo group

Differences in treatment response between the groups given below were independent of
baseline values. No differences in treatment response were seen between patients depleted
in body mass or FFM and non-depleted patients.

Body composition
Treatment with ND incorporated into an eight-week inpatient pulmonary rehabilitation
program resulted in a significantly higher rise in FFM and 1CM compared with placebo.
No expansion of ECM was noted in either group. FM increased only in the placebo group.
The changes in body composition are presented in figure 1.

Muscle function and exercise capacity
In table 2, the effects of treatment with ND versus placebo on respiratory and peripheral
muscle function and exercise capacity are presented. Only in the patients treated with ND,
significant improvements in Pl-max and in maximal isokinetic power of the lower
extremities were revealed. In both ND and placebo treated patients, maximal isometric
handgrip and lower extremities strength increased. Significant improvements in peak work
load, peak V'O, and peak oxygen pulse during the incremental bicycle ergometry test
were seen in both groups. The rise in peak oxygen pulse was however higher in the ND
treated patients. Peak lactate/peak work load improved only after treatment with ND.
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Figure 1: Higher increases in fat-free mass and intracellular mass after eight weeks of treatment with
nandrolone deeanoate versus placebo combined with an inpaticnt pulmonary rehabilitation
program. Data arc presented as mean (SEM). Open bars: change in the placebo group; closed
bars: change in the nandrolone deeanoate treated group.

Health status
The changes in health status are shown in figure 2. In both groups, the symptom score
improved, but the improvement was significantly higher in the patients treated with ND
compared with placebo. In addition, the impact score and total score (mean symptom,
activity and impact score) only improved in the ND treated group. Activity score did not
change in either group. Improvements in health status can be considered as clinically
significant, since the changes comprised more than four points.

Symptom score Activity score Impact score Total score

Figure 2: Greater improvement in health status as assessed by the St. George's Respiratory
Questionnaire after eight weeks of nandrolone deeanoate treatment versus placebo combined
with an inpatient pulmonary rehabilitation program Total score is mean symptom, activity
and impact score Data arc presented as mean (SEM) Open bars: change in the placebo
group: closed bars: change in the nandrolone deeanoate treated group.
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Table 2: Changes in muscle function and exercise capacity after treatment with nandrolone decanoate versus placebo combined with an eight-week inpatient
pulmonary rehabilitation program

Nandrolone decanoate (n=30)
Baseline Week eight

Placebo (n=29)
Baseline

p-va/i/e
Week eight

NVJP

p-vo/t/g

Max. inspirator) muscle strength
Max isometric handgrip strength
Max isometric leg strength
Max. isokinetic leg power
Peak work load
Peak oxygen consumption
Peak lactate/peak work load
Peak oxvgen pulse

(cm HjO)
(kg)
(N)
(W)
(W)
(ml/min)
(mmol/W*l)
(ml)

87
36.4
1927
811
60
945
008
7.3

(19)
(6.2)
(398)
(278)
(27)
(282)
(0.04)
(1.8)

92
38.3
2108
914
74
1145
0.06
8.6

(20)
(7.0)
(258)
(286)
(35)
(448)
(0.02)
(2.3)

0.033
0.001
0.017
0.010

<0.001
<0.001
0.006
0.001

76
35.3
1751
796
57
893
0.07
7.6

(20)
(6.9)
(474)
(195)
(22)
(223)
(0.04)
(2.4)

78
37.4
1975
871
67
992
0.07
8.1

(20)
(7.7)
(425)
(266)
(26)
(320)
(0.03)
(2.7)

NS
<0.001
0.002
NS

<0.001
0.006
NS
0.040

NS
NS
NS •

NS "
NS "
NS
NS •:
0.034
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In figures 3-5, the differences in treatment response after ND versus placebo in users of
oral GCs are presented. The differences between the groups given below were
independent of baseline values. In users of oral GCs, Pl-max only increased after ND but
not after placebo (figure 3). Furthermore, in users of oral GCs, peak work load and peak
lactate/peak work load ratio improved to a higher extent after treatment with ND versus
placebo (figure 4 and 5 respectively).

Figure 3: Improvement in maximal inspiratory muscle strength after eight weeks of treatment with
nandrolone decanoate. but not placebo, combined with an inpaticnt pulmonary rehabilitation
program in users of oral glucocorticosteroids Data are presented as mean (SEM) Open bar:
change in the placebo group: closed bar: change in the nandrolone decanoate treated group

a/ia/y.?/.v «/ mwrfro/owe c/ecanoa/e //-t'ar/ne/1/
Laboratory parameters
Shifts in laboratory parameters from baseline till week eight after treatment with ND are
given below. Increases in LDH (305.4 (39.1) to 361.0 (43.2) U/l, p<0.001), ALAT (18
(13) to 21 (10) U/l, p=0.022), ASAT (16 (5) to 22 (8) U/l, p=0.001) and creatinin (91(13)
to 98 (17) umol/1, p=0.001) were found. In addition, rises in erythrocyte count (4.55
(0.34) to 4.74 (0.47) *10'-/l, p=0.019). hematocrit (42.2 (3.5) to 43.6 (4.5) %, p=0.028)
and hemoglobin (8.6 (0.7) to 8.9(0.9) mmol/1, p=0.034) were seen. ESR decreased from
26.1 (20.9) to 19.1 (13.6)mm/h(p=0.012). In the placebo group, rises in ALAT (15 (6)
to 23 (21) U/l, p=0.009), urea (6.0 (1.4) to 7.2 (1.8) mmol/1, p=0.001), leukocyte count
(8.0 (2.9) to 8.7 (2.8) *107l, p=0.045), thrombocyte count (244 (57) to 270 (78) *10'/I,
p=0.048) and in proportion segmented neutrophils (60 (8) to 65 (10)%, p=0 011) were
revealed. Bilirubin dropped from 12 (4) to 8 (3) umoFI (p<0.001). Serum sodium,
potassium, calcium, y-GT, glucose, albumin and protein did not change in either group.

139



CTtapfer 9

So ^-:v:

Jfi-j.:; h

|

1
1
1

35

30

25

20

15

10

5

0

Figure 4: Greater improvement in peak work load after eight weeks of treatment with nandrolonc
decanoatc versus placebo combined with an inpatient pulmonary rehabilitation program in
users of oral glucocorticosteroids. Data are presented as mean (SEM). Open bar: change in
the placebo group: closed bar: change in the nandrolone decanoate treated group
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Figure 5: Greater improvement in peak lactate/peak work load after eight weeks of treatment with
nandrolone decanoatc versus placebo combined with an inpatient pulmonary rehabilitation
program in users of oral glucocorticosteroids Data are presented as mean (SEM). Open bar:
change in the placebo group: closed bar: change in the nandrolonc decanoatc treated group.

Discussion

The present study revealed that a short course of ND implemented in an inpatient
rehabilitation program resulted in higher increases in FFM, ICM, peak oxygen pulse and
health status relative to placebo in stable patients with severe COPD. Furthermore, PI-
max, peripheral muscle endurance and peak lactate/peak work load ratio only improved
in the ND treated patients. Irrespective of ND addition, pulmonary rehabilitation resulted
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in improvements in peripheral muscle strength and exercise capacity. The use of oral GCs
as maintenance medication significantly impaired the response to pulmonary rehabilitation
with respect to Pl-max and exercise capacity, which could be restored by ND treatment.

Effects of nandrolone decanoate on body composition
The higher increases in FFM after ND treatment were in agreement with the results seen
after short- and long-term treatment with anabolic steroids in COPD as previously
published (13,14). The increase in FFM was completely attributable to a rise in 1CM and
thus to an increase in metabolically active body cell mass. Although anabolic steroids are
known to induce water retention (26), in the present study no expansion of ECM was
seen. The stimulating effects of anabolic steroids on muscle tissue are mediated by the
androgen receptor and can be attributed to increases in the fractional synthesis rates of
actin and myosin heavy chains (27), resulting in fiber hypertrophy (28). On the other
hand, inhibition of protein catabolic processes by neutralizing the effects of endogenous
GCs via interaction with the GC receptor is proposed (29). Recent work favors the
hypothesis of anabolic steroids stimulating skeletal muscle anabolism, in the presence of
sufficient amino acids, rather than attenuating muscle protein breakdown (30,31).

Differential effects of nandrolone decanoate on respiratory muscle function versus
peripheral muscle function and exercise capacity
In the present study, Pl-max, peripheral muscle endurance and peak lactate/peak work
load ratio only improved after ND treatment and not after pulmonary rehabilitation alone.
These findings might be explained by combining the pathology underlying muscle
weakness and wasting in COPD with the specific effects of ND on muscle tissue.
Experimental animal studies have shown that in the respiratory muscles, anabolic steroids
preferably stimulate the glycolytic. fast-twitch, type II fibers. As a result, diaphragm
muscle strength relative to endurance will be enhanced (32). ND treatment in rats resulted
in increases in type llb/x cross-sectional area (CSA) in the diaphragm (33) and in
decreases in the more oxidative. slow-twitch, fiber type I CSA (34). Lewis et al. reported
after treatment with ND an enhanced velocity of shortening as well as higher peak twitch
and tetanic forces in the diaphragm of rats (35). In castrated male rats, testosterone
treatment resulted in increases in specific forces, type II total fiber proportional area and
relative expression of all diaphragm fast MHC isoforms, while in intact males only MHC
isoform Mb increased (36). Therefore the effects of anabolic steroids on diaphragmatic
function appeal to be dependent on basal circulating androgen levels. This is an important
issue, since in a substantial proportion of patients with COPD reduced concentrations of
free testosterone are reported (9). In the peripheral muscles, anabolic steroids mostly
stimulate the oxidative, slow-twitch, type I fibers, but also to some extent the type II
fibers. ND treatment in addition to exercise training in rats induced a relative increase in
MHC isoform 1 and a decrease in MHC isoforms lla in the m. soleus (37). In the m.
gastrocnemius. ND increased type I CSA as well as type Ilb/x CSA (33).

The affinity of anabolic steroids for specific fiber types is interesting in the light that fiber
type shifts are reported in patients with COPD. In the peripheral muscles, a decrease in
the proportion of type 1 fibers corresponding with a relative increase in type II fibers was
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seen, indicating a shift from endurance towards more strength function (38,39).
Concerning the respiratory muscles, there is evidence that the diaphragm of patients with
severe COPD has undergone adaptations resulting in relative resistance to fatigue. The
physiological alterations were accompanied by increases in fiber type 1 proportions and
in slow isoforms of myofibrillar proteins (40). These adaptations are probably the result
of the chronic activity of the diaphragm due to increasing lung hyperinflation (41).
The increase in Pl-max after treatment with ND in the present study could therefore likely
be explained by a partial restoration of the force relative to fatiguability function of the
diaphragm. Furthermore, only in the ND treated group peripheral muscle endurance as
well as peak lactate/peak work load ratio, the latter as an indirect measure of oxidative
capacity, improved, while in both groups an increase in peripheral muscle strength and
exercise capacity was seen. This finding might indicate a counteraction on the shift from
oxidative to more glycolytic fiber type in the peripheral muscles described in COPD.
Furthermore, the higher increase in peak oxygen pulse in the ND treated group probably
reflected an improved oxygen delivery, owing to the rise in hemoglobin. Indeed anabolic
steroids are reported to stimulate erythropoiesis, predominantly by enhancing the activity
of erythropoietin (42). These effects were probably superposed on the suggested
improvements in intrinsic muscle oxidative capacity after ND treatment. The fact that in
the placebo group improvements in peripheral muscle strength and exercise capacity were
achieved despite no rise in FFM, is quite likely the result of intrinsic alterations in muscle
energy metabolism, induced by the pulmonary rehabilitation program, as described
previously (43).

Efficacy of nandrolone decanoate on health status
This is the first study evaluating the effects of anabolic steroids on health status in COPD.
In both groups, improvements in the symptom score of the SGRQ were achieved. It is
indeed reported that pulmonary rehabilitation per se results in improvements in health
status (44,45). The change in symptom score was however significantly higher in the ND
treated group compared with placebo. Furthermore, impact score and total score improved
only after ND. Since the changes in health status were all four points or more, they can
be considered as clinically significant improvements (23).
It has been previously reported that patients with COPD with severe dyspnea exhibited
a worse activity, impact and total score of the SGRQ compared with those with moderate
dyspnea (46). Hypothetically, the positive effects of ND treatment on respiratory muscle
function lead to decreases in the sensation of dyspnea, by giving better resistance to
airway hyperinflation. This would ultimately result in an improved perception of health
status, since dynamic lung hyperinflation contributes importantly to the perception of
breathlessness in patients with COPD (47). Alternatively, central, adrenergic effects of
anabolic steroids, like better mood and less depression (48), might have attributed to the
higher improvement in health status in the ND treated group, independently of the
suggested decrease in dyspnea.

Differential effects of nandrolone decanoate on users and non-users of long-term, low-
dose oral glucocorticosteroids
In the present study, striking differences were seen in the response to treatment with ND
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versus placebo in patients to whom oral GCs were prescribed as maintenance medication.
In users of oral GCs, Pl-max only improved with additional ND treatment. Furthermore,
in users of oral GCs, peak work load and peak lactate/peak work load ratio improved to
a higher extent after treatment with ND compared with placebo. This implies that in users
of oral G C s , additional ND treatment was a conditio sine qua non to achieve
improvements in functional performance.
Oral GCs are often prescribed as maintenance medication to treat the inflammation in
patients with COPD, despite insufficient evidence regarding their efficacy at this time.
Instead, adverse effects of GC use are reported (49). GC-induced muscle wasting is
associated with a negative nitrogen balance due to increased protein catabolism as well
as reduced protein synthesis. Decramer et al. reported that the average daily dose of oral
GCs was inversely correlated with respiratory and peripheral muscle strength in patients
with COPD or asthma (10). Experimental studies indicate that especially the glycolytic,
type II fibers are susceptible to the deleterious effects of GCs in terms of muscle wasting
(50). Short- and long-term methylprednisolone treatment resulted in selective atrophy of
type IIx and lib but not type I and Ila fibers in the diaphragm of rats, together with a
reduction in force generation. As a result, endurance to repeated isotonic contractions
improved (51,52). Dexamethasone treatment in hamsters significantly reduced the type
II fiber CSA in the diaphragm and the type I and II fiber CSA in the m. gastrocnemius
(53).
The positive effect of ND treatment in oral GC users could be explained by competitive
binding of anabolic steroids and G C s to the GC receptor, neutralizing the deleterious
effects of GCs (48). Our results are in line with two animal experimental studies. In a rat
model, treatment with ND was able to antagonize the loss of diaphragm force induced by
long-term low-dose methylprednisolone administration. Methylprednisolone-induced
reductions in type Ila and IIx, but not type I, fiber CSA were abolished by ND
administration (15). A subsequent study investigated whether ND was able to antagonize
the loss of diaphragmatic function in emphysematous hamsters treated with long-term
low-dose methylprednisolone. ND significantly improved the force-generating capacity.
The fiber type Ila and IIx atrophy in the diaphragm was completely reversed to the level
of non-emphysematous hamsters (16).

In both groups changes in laboratory parameters occurred. It seemed therefore unlikely
that they could be attributed to the ND treatment. Furthermore, anabolic steroids are
predominantly excreted by the kidneys, so hepatotoxicity is negligible (54). The increases
in hematological parameters after ND treatment were attributed to the erythropoietic
action of anabolic steroids (42) and positively affected exercise capacity in the present
investigation. To our best knowledge, no drug-related side-effects occurred during the
study period. Three patients in the ND group, of whom two died, discontinued because
of a serious adverse event. The serious adverse events were presumably disease-related;
the patients discontinued because of respiratory insufficiency after a respiratory tract
infection leading to intubation for mechanical ventilation.
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In conclusion, a short-term course of ND implemented into an eight-week pulmonary
rehabilitation program had an overall positive efficacy relative to placebo on body
composition, peak oxygen pulse and health status in patients with severe COPD. without
revelation of significant adverse effects. Furthermore, respiratory muscle strength,
peripheral muscle endurance and peak lactate/peak work load ratio only improved in the
ND treated patients. No additional effects of ND on peripheral muscle strength and
exercise capacity were revealed. The use of oral GCs as maintenance medication
significantly impaired the response to pulmonary rehabilitation with respect to respiratory
muscle strength and exercise capacity, which could be restored by ND treatment.
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The two major domains investigated in the present thesis, were several components of the
energy balance in stable and acute chronic obstructive pulmonary disease (COPD) as well
as the efficacy of nutritional and anabolic intervention strategies for the treatment of
weight loss and muscle wasting in COPD. Directions towards further research on the
regulation of the energy balance as well as future therapeutic implications will be
discussed below. i*." * " ' " ••".-;

Regulation of the energy balance
In this thesis, it was clearly shown that several components of the energy balance were
disturbed in part of the patients with stable COPD and to a higher extent in patients
suffering from an acute disease exacerbation. Leptin was proposed as one of the factors
responsible for the decreased dietary intake relative to resting energy expenditure; plasma
leptin concentrations were inversely correlated with dietary intake in chronic and acute
COPD, as well as with the degree of weight change after eight weeks of nutritional
supplementation in patients with stable COPD. This is in accordance with the results of
experimental animal studies in which administration of leptin resulted in a reduction in
food intake (1). During an acute disease exacerbation, systemic leptin concentrations were
high and the normal feedback regulation of leptin by fat mass (FM) seemed to be
disrupted.
In both stable and acute disease, plasma leptin was associated with the systemic
inflammatory response. In patients with emphysema as well as in patients suffering from
acute exacerbation of COPD, leptin was found to be positively correlated with soluble
TNF-receptor 55, independently of the amount of FM. Experimental animal studies have
provided evidence for a link between pro-inflammatory cytokines and leptin. Treatment
of fasted hamsters with the cytokines TNF-a and interleukin 1 increased leptin messenger
RNA (mRNA) in adipose tissue and the circulating concentrations of leptin. Circulating
leptin was in turn correlated with a decrease in food intake (2). The hypothesis that
cytokine induction of leptin may play a significant role in the anorexia and cachexia of
inflammatory diseases was further illustrated by Sarraf showing that administration of the
pro-inflammatory cytokines TNF-a and interleukin 1 produced a prompt and dose-
dependent increase in serum leptin and leptin mRNA expression in the adipose tissue of
mice. In contrast, interleukin 4 and 10, cytokines not known to induce anorexia, did not
affect leptin gene expression or serum leptin concentrations (3). Data in humans confirm
this influence of systemic inflammation on leptin. In patients with solid tumors, infusion
of TNF-a resulted in a transient increase in serum leptin concentration (4). Administration
of recombinant human interleukin la to cancer patients also increased leptin
concentration dose-dependently, accompanied by a decrease in appetite in the majority
of the patients (5).

On the opposite end of the energy balance spectrum, recent data have suggested a key role
for TNF-a in the insulin resistance of obesity and of non-insulin dependent diabetes
mellitus (6). In humans, a strong positive correlation was found between the degree of
obesity based on the body mass index, hyperinsulinemia and relative TNF-a mRNA
concentrations in adipose tissue (7). Another recent study did however not reveal a
significant relationship between individual insulin sensitivity on the one hand and
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circulating concentrations of TNF-a and leptin on the other in patients with offspring
N1DDM (8). Although it was reported that insulin resistance was not exhibited by patients
with advanced COPD compared to healthy subjects (9), an influence of alterations in
insulin sensitivity on the observed relationship between sTNF-receptors and leptin in
patients with stable COPD can however not be excluded. In this thesis, in stable COPD
no relation was revealed between the systemic TNF-receptors and glucose concentrations.
In contrast, on day seven of an acute exacerbation of COPD, plasma glucose was
positively correlated with plasma soluble TNF-receptor 55, independently of the
influences of sex, age and fat mass. TNF-a is able to decrease the expression of the
glucose transporter Glut4. Furthermore, expression of TNF-a in the m. vastus lateralis
was found to be fourfold higher in patients with insulin resistance or non-insulin-
dependent diabetes mellitus (NIDDM) than in insulin-sensitive subjects (10).

Reports concerning the effects of oral corticosteroid use on leptin are contradictory. Two
days of oral corticosteroid administration in healthy subjects resulted in significantly
increased serum concentrations of leptin and insulin (11). Another study reported that
administration of dexamethasone during four days to healthy lean and obese subjects
induced a significant increase in plasma leptin concentrations (12). In lean healthy male
volunteers, Tataranni investigated whether acute intravenous administration of
glucocorticosteroids or prolonged oral treatment affected plasma leptin concentrations.
Acute administration had no effects on insulin, free fatty acids or leptin concentrations as
compared to placebo, while prolonged administration significantly increased fasting
concentrations of insulin, but not of glucose, FFA or leptin (13). In this thesis, no effects
of prolonged oral glucocorticosteroid treatment on systemic leptin was found in stable
COPD. During an acute exacerbation of COPD, the (high) plasma leptin concentrations
might have been (in part) the result of high-dose systemic glucocorticosteroid treatment;
the course of plasma leptin seemed to have mimicked the scheme of prednisolone
administration.
The supposed action of glucocorticosteroids on leptin concentrations can furthermore be
mediated by insulin resistance (13), since glucose and insulin are also able to induce leptin
expression. In lean mice, glucose injection resulted in an increase in plasma glucose and
in an upregulation of leptin mRNA, independently of age, nutritional state and plasma
insulin (14). Also injection of insulin in fasted rats induced leptin gene expression (15).
At the level of adipose tissue and muscle, glucocorticosteroids antagonize insulin-
mediated uptake and utilization of glucose and also exert a permissive effect on lipolysis
by promoting the activation of the cAMP-dependent hormone-sensitive lipase, a key
enzyme inhibited by insulin (16). On base of the present thesis, in contrast to in stable
COPD, insulin resistance seemed indeed to be present during an acute disease
exacerbation, predominantly based on the high insulin concentrations and to a lesser
extent on base of the temporary increased glucose concentrations.

In the studies described in this thesis, only circulating leptin was measured. Leptin is
predominantly synthesized in the adipose tissue, but also other organs and tissues are
known to produce leptin. For instance, the kidney is an organ with substantial leptin
receptor mRNA expression. Also the lung, the liver as well as muscle tissue express leptin
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receptor mRNA (17). In addition, TNF-oc is known to be produced in several tissues, like
adipose tissue (18), muscle tissue (19) and in the lungs (20). No information on leptin
concentrations and production in local tissues, like adipose, muscle and lung tissue, is
available yet in COPD. Furthermore, it is not known if the suggested association between
the systemic inflammatory response and systemic leptin concentrations is the reflection
of a (TNF-a-induced) leptin expression in local tissues. In addition, in other disease
states, like obesity and diabetes mellitus, a central insensitivity for leptin, besides a
disproportionate leptin production, is proposed (7, 21).

Besides the factors influencing leptin metabolism mentioned in this thesis, on base of
experimental studies other regulators of leptin are proposed. For instance, hypoxia is
suggested as a potent inducer of leptin expression. In healthy subjects, hypobaric hypoxia
induced a rise in circulating leptin, associated with a decrease in appetite (22). Since a
subgroup of patients with COPD suffers from chronic or intermittent hypoxemia, which
worsens during eating (23), increases in leptin mediated by oxygen desaturation possibly
contribute to less appetite and a limited dietary intake. In addition, hypoxia is reported to
induce the production of inflammatory mediators like tumor necrosis factor-a (TNF-a)
and interleukin-1 (IL-1) (24, 25). This pathway might be responsible for a further increase
in leptin, such as reported in experimental animal studies (2, 3) and a corresponding
further decrease in appetite and dietary intake.

In this thesis, it was found that a substantial part of the patients with COPD exhibited an
increased resting energy expenditure (REE). Hypermetabolism at rest was associated with
less hyperinflation compared with normometabolism at rest, in contrast to the suggested
contribution of an elevated oxygen cost of breathing to an elevated REE. In contrast,
independently of REE, the higher hyperinflation in FFM-depleted patients suggested a
higher oxygen cost of breathing during activities, which might contribute to the elevated
total daily energy expenditure reported in COPD (26, 27). From these results, probably
other factors are responsible for the hypermetabolism at rest in COPD. For instance, an
elevated systemic inflammatory response is earlier reported in relation with an increased
REE in COPD (28).
In experimental animal studies, energy expenditure was found to be increased after
administration of leptin (29). The pathway through which this effect is mediated is
unknown. Recent attention has been payed to uncoupling protein (UCP)s. These proteins
can uncouple the production of ATP from the respiratory chain, dissipating energy in the
form of heat while the efficiency of energy metabolism decreases (30). In genetically
obese mice, leptin administration increased oxygen consumption as well as UCP mRNA
concentrations in brown adipose tissue (31). Chronically intracerebroventricular infusion
of leptin in lean rats also resulted in an upregulation of the mRNA of all UCPs in brown
and white adipose tissue, liver and muscle tissue (30). Whether leptin-induced UCP
formation is indeed involved in the resting and/or activity-related compartments of the
elevated energy expenditure reported in COPD, remains to be studied.
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In summary, future attention has to be given to the supposed relationship between leptin,
the systemic inflammatory response, hypoxia, glucose and insulin metabolism and
treatment with systemic glucocorticosteroids with respect to the (dys-) regulation of the
energy balance in patients with stable and acute COPD.

Besides its function in weight homeostasis, leptin may also play a protective role in severe
stress states, hi leptin-defective mice, in which the T-cell mediated immunity is decreased
for unknown reasons, administration of leptin resulted in a complete reversion of the
immunosuppressive effects of acute starvation. This might be explained by the fact that
leptin, which is low during starvation, can induce proliferation, differentiation and
functional activation of hematopoietic cells and enhances the production and phagocytic
activity of macrophages (32). This protective effect of leptin was confirmed in two studies
in acute sepsis, in which surviving patients were characterized by higher leptin
concentrations than non-survivors (33, 34).
Furthermore, a relationship between leptin and the central regulation of respiration has
been suggested. The respiratory depression of which leptin-deficient, obese mice were
suffering from, was easily restored by administration of leptin (35).
In addition, a role for leptin in the anabolic hormonal system has been proposed. In
healthy men, leptin inversely correlated with circulating growth hormone and testosterone
concentrations (36). Independently of testosterone, leptin has an important function in
stimulating the reproductive system (37, 38). Whether the low leptin concentrations found
in stable COPD (39, 40) are (in part) related to the sexual disturbances reported in a part
of the COPD population (41), remains to be studied.

Anabolic management
Because of the deleterious effects of body weight loss and muscle wasting on morbidity
and mortality in COPD, the rationale for nutritional repletion therapy is well established.
In the present thesis, nutritional supplementation therapy, containing a sufficient amount
of protein and implemented in an inpatient pulmonary rehabilitation program, was found
to be effective in depleted or weight-losing patients with COPD. Eight weeks of treatment
resulted in improvements in body composition, respiratory and peripheral muscle
function, exercise capacity and health status. The pulmonary rehabilitation program in
which both intervention studies described in this thesis were embedded, was controlled
and standardized. Further improvement in outcome might be obtained by optimizing
training programs. For instance, adjusted pulmonary rehabilitation programs are probably
indicated for patients characterized by weight loss or depletion of muscle mass.
The results of the nutritional intervention study described in this thesis were in contrast
with the conclusions of a recent meta-analysis, that concluded that nutritional
supplementation therapy had no effect on improving anthropometric measures, lung
function or functional exercise capacity among stable patients with COPD (42). Some
remarks must however be placed at the conclusions of this meta-analysis. At first,
interventions studies with a duration of two or more weeks were included. It is likely that
two weeks of nutritional supplementation is probably too short to achieve substantially
changes in body composition and physiological function. Secondly, most of the nutritional
intervention trials were not combined with exercise training. It can be expected that
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nutrirional supplementation without an anabolic stimulus will only result in an expansion
of FM. Physiological function will likewise not improve on nutrition alone, since FFM
is an important determinant of functional performance. Thirdly, in several studies, the
offered nutritional supplementation therapy consisted of an inadequate energy intake,
relatively to energy requirements, needed for body weight gain. So the possibility exists
that the nutritional interventions themselves were not of sufficient magnitude to sort an
effect, hi other words, the failure of intervention instead of the failure to intervene might
have been responsible for the nonresponse found in several nutritional intervention trials.
Nonresponse can furthermore be due to noncompliance to the therapy or to the inability
of the patient to ingest the extra calories, hi addition, underlying disease-specific problems
leading to inadequate metabolic handling could be present. Indeed we revealed that
patients not responding to optimized nutritional supplementation therapy in terms of
weight gain, were characterized by, besides a higher age and relative anorexia, an elevated
systemic inflammatory response. The clinical relevance of nonresponse to nutritional
therapy was emphasized by the survival analysis of Schols et al., in which weight gain
was identified as a significant, independent predictor of the mortality rate in patients with
COPD(43). • ; '

Because in (part of) the patients with COPD tissue depletion was not simply solved by
restoring the impaired energy intake relatively to energy expenditure, anabolic
endocrinological therapeutic options are worth to take into account for the treatment of
wasting in COPD. A second argument for this might be the fact that low circulating
anabolic hormones are reported in a part of the patients with COPD (44).
The efficacy of anabolic steroid supplementation for the enhancement of physical
functioning was investigated in this thesis. As described, the efficacy of a short course of
nandrolone decanoate was significantly higher relative to pulmonary rehabilitation alone
with respect to body composition and health status, while muscle function and exercise
capacity improved to an equal extent. An additional indication for anabolic steroid
treatment in COPD might be stimulation of the erythropoiesis, as suggested by the
increases in hematological parameters after nandrolone decanoate. Anabolic steroids are
known for their effects on erythropoiesis, predominantly by enhancing the activity of
erythropoietin. In the past, anabolic steroids were indeed used for the treatment of anemia
in chronic renal failure (45, 46). Although erythropoietin is reported to be increased in a
part of the patients with COPD (47), an (extra) rise in erythropoietin might be beneficial
for the improvement of oxygen delivery.
In both intervention studies described in this thesis, it was found that long-term treatment
with low-dose oral glucocorticosteroids as maintenance medication significantly impaired
the response to pulmonary rehabilitation and nutritional supplementation, with respect to
respiratory muscle strength and exercise capacity. Since imposing anabolic steroid
treatment completely reversed these deleterious effects of systemic glucocorticosteroids.
a clear role for the implementation of anabolic steroid treatment in the rehabilitation of
patients long-term treated with systemic glucocorticosteroids is indicated. A possible
explanation for this effect is binding competition of anabolic steroids and
glucocorticosteroids on the glucocorticosteroid receptor, thereby neutralizing the
deleterious effects of glucocorticosteroids (48).
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In clinical practice, anabolic steroids are used because of their high anabolic/androgenic
ratio. Nandrolone decanoate for instance has an anabolic/androgenic ratio of 10:1 relative
to testosterone (49). However, stimulating the androgenic together with the anabolic
pathways by means of testosterone supplementation might be indicated in COPD for the
following reasons.

Decreased concentrations of anabolic hormones, like testosterone, might aggravate the
failure of generating an anabolic response needed for muscle anabolism. Indeed low
concentrations of testosterone are reported in COPD, which were even more pronounced
in patients on oral glucocorticosteroid therapy (44). The prevalence of hypogonadism, i.e.
low testosterone concentrations, as well as the relationship with lung function, oral
glucocorticosteroid use, body composition, functional performance and health status in
COPD is however unknown yet.

Other anabolic hormones to be evaluated for the treatment of wasting in COPD are growth
hormone and insulin-like growth factors (IGFs). The main rationale for supplementation
of these hormones in acute and chronic disease, is to improve the nitrogen balance. Aging
per se already leads to a decrease in growth hormone and IGF concentrations. Studies in
healthy, elderly subjects indicated positive effects of growth hormone therapy on muscle
strength and immune function. Although it is not known yet if growth hormone, IGFs
and/or IGF binding proteins are reduced in patients with COPD, to date two studies on
growth hormone supplementation in COPD are published. An uncontrolled study
suggested positive effects on body weight, nitrogen balance and inspiratory muscle
function (50). However, three weeks of growth hormone administration in underweight
patients with COPD in a placebo-controlled design increased lean body mass but did not
improve muscle strength or exercise tolerance relatively to pulmonary rehabilitation alone
(51). Further studies are needed to make a conclusive statement on growth hormone
supplementation in COPD.

Anticatabolic management
From the present thesis, evidence arose that the systemic inflammatory response was
prominently involved in the decreased dietary intake in stable and acute COPD. In patients
with stable COPD, plasma concentrations of soluble TNF-receptor 55, as a measure of the
systemic inflammatory response, were positively correlated with plasma leptin,
independently of FM. In turn, plasma leptin as well as plasma soluble intercellular
adhesion molecule-I were inversely associated with dietary intake in depleted,
emphysematous patients with COPD. During an acute exacerbation of COPD, dietary
intake was severely depressed. At day seven of hospitalization, dietary intake relative to
REE was inversely correlated with plasma soluble TNF-receptor 55 and with plasma
leptin.

Besides evidence for the involvement of the systemic inflammatory response in the energy
intake in stable and acute COPD, it was found that systemic inflammation was also
associated with non-response to nutritional supplementation therapy. Despite of the
overall positive effects of nutritional supplementation therapy combined with pulmonary
rehabilitation in patients with COPD, not all subjects responded to the nutritional therapy
in terms of weight gain. Since the treatment was standardized and optimized, factors such
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as noncompliance could be excluded as determinants of nonresponse. Instead, elevated
circulating concentrations of soluble TNF-receptor 55 and of leptin were found to be
independently associated with non-response to nutritional supplementation therapy. The
clinical relevance of nonresponse to nutritional supplementation was illustrated by the fact
that it was revealed as an independent predictor of mortality in COPD (43).
From other work, it has become clear that, besides a local upregulation of inflammatory
processes in the lungs (20), an elevated systemic inflammatory response is present in
patients with COPD. This was based on elevated concentrations of acute phase proteins,
TNF-a receptors and soluble adhesion molecules in peripheral blood (28, 52). In addition,
their is clear evidence for a relationship between weight loss and plasma TNF-a (53, 54).
Furthermore, the decreased FFM found in hypermetabolic patients with an increased C-
reactive protein was found to be accompanied by raised plasma concentrations of LPS-
binding protein, interleukin 8 and soluble TNF-a receptors 55 and 75 compared with
patients with normal CRP concentrations (28). The proposed cytokine involvement in
pulmonary cachexia needs an appropriate approach to combate this significant
comorbidity in COPD.

The present antrinflammatory therapeutic strategy in COPD concerns mainly controlling
the local inflammatory processes. Inhaled glucocorticosteroids are often prescribed as
maintenance antiinflammatory medication, despite insufficient evidence regarding their
efficacy on local inflammation at this time (55). Sometimes prescription of inhaled
glucocorticosteroids is accompanied by orally administered glucocorticosteroids.
However, it was suggested that the local inflammatory processes were resistant to the
antiinflammatory properties of systemically administered glucocorticosteroids (55). In
contrast, in this thesis it was revealed that long-term treatment with oral
glucocorticosteroids adversely affected the clinical outcome of optimized nutritional
supplementation therapy implemented in a pulmonary rehabilitation program. For these
reasons, other, non-steroidal antiinflammatory modulation options, either nutritional or
pharmacological, might be indicated for (a subgroup of) patients with COPD.

Increasing attention is being payed to the supposed positive effects of n-3 polyunsaturated
fatty acids, as such in fish oil, on inflammatory processes. The possible mechanisms
involve suppression of excessive endothelial activity and thereby decreased production
of pro-inflammatory mediators like prostaglandins and leukotrienes. After ingestion, n-3
fatty acids will be preferentially incorporated in the cell membrane and inhibit the
metabolizing of arachidonic acid to prostaglandin E2 by cyclooxygenase. Instead, less
inflammatory prostaglandins are produced. In line, lipooxygenase converts n-3 fatty acids
to leukotriene B5, which has only a fraction of the chemotactic activity of the normally,
from arachidonic acid, synthesized leukotriene B4 (56). In healthy subjects, dietary
supplementation with the n-3 fatty acid gamma-linolenic acid resulted indeed in increased
fractions of this n-3 polyunsaturated acid in neutrophil phospholipids. This change in
phospholipid composition within inflammatory cells such as the neutrophil might
attenuate the biosynthesis of arachidonic acid, thereby representing a mechanism by
which dietary polyunsaturated fatty acids exert their action (57).
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Encouraging effects of n-3 fatty acid supplementation with respect to improved immune
function, decreased systemic inflammatory response and body weight are observed in
patients suffering from cancer cachexia (58-60). Studies on supplementation of n-3 fatty
acids in chronic disease, like inflammatory bowel disease, indicate a potential
effectiveness on systemic inflammatory response (for instance, decreases in neutrophil
leukotriene B4 production) and disease activity (61). Whether n-3 fatty acid
supplementation in COPD will exert positive effects on systemic inflammatory processes
and, secondly, clinical outcome, is still to be unraveled.
Polyunsaturated fatty acids might have additional effects in lung disease. As already
mentioned, the n-3 and n-6 fatty acids shunt eicosanoid production away from the
arachidonic acid pathway, and hence decrease the production of bronchoconstrictive
leukotrienes. Animal studies showed that eicosapentaenoic acid or gamma-linolenic acid
supplementation of animals, exposed to endotoxins, results in decreased effects on
thromboxane B2 and pulmonary vascular resistance. Hence, a protective effect of such
fatty acids in lung disease is biologically plausible (62). In chronic hypoxic rats with
pulmonary hypertension, supplementation with dietary fish oil resulted in a decrease in
lung thromboxane B2 and 6-ketoprostaglandin F1 a as well as in lower mortality rates
compared to non-treated rats (63).
In addition to nutritional inflammatory modulation options, the possibilities with regard
to antiinflammatory modulation by means of pharmacological intervention in COPD are
growing. These involve among others interleukin 10, transcription factor inhibitors and
phosphodiesterase inhibitors. Also antagonists against inflammatory mediators like
leukotriene B4, TNF-a and prostaglandins are under investigation (64).
In summary, for the subgroup of patients not responding to oral nutritional therapy and
characterized by an increased systemic inflammatory response, nutritional or
pharmacological antiinflammatory modulation is worth to be taken into account in
addition to optimized nutritional supplementation therapy. Furthermore, investigating the
consequences of an elevated systemic inflammatory response on muscle fibers per se, may
open further and more direct approaches towards novel antiinflammatory treatment
strategies in patients with COPD.
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In the present thesis, the following topics were studied:
1. The prevalence of and the contributing factors to an increased resting energy

expenditure (REE) in patients with chronic obstructive pulmonary disease (COPD).
2. The role of leptin in the energy (im-)balance in patients with stable COPD and

during acute disease exacerbations.
3. The efficacy of nutritional supplementation and anabolic steroid therapy

implemented in a pulmonary rehabilitation program in patients with COPD. In
addition, determinants of nonresponse to these anabolic management strategies
were investigated.

Below, the results of the studies on these three domains of investigation are shortly
summarized.

Resting energy expenditure
The commonly occurring weight loss in patients with COPD is the result of an imbalance
between energy expenditure and energy intake. Besides an increased total daily energy
expenditure (TDEE), an elevated REE is often reported. However, the prevalence of
hypermetabolism at rest and its contributing factors are still unknown. In chapter 2. the
prevalence of an elevated REE in patients with COPD, in relationship with body
composition and lung function, was studied. Fat-free mass (FFM) is the major deteiminant
of REE in healthy subjects and FFM is decreased in a substantial proportion of patients
with COPD. Therefore the prevalence of hypermetabolism was determined on base of the
relationship between FFM and REE in a healthy, elderly control group. On the base of the
generated equations, the prevalence of an increased REE in COPD amounted up to 26%.
Hypermetabolic patients were characterized by a lower age and a lower total lung capacity
(TLC) compared to normometabolic patients. The latter finding was in contrast to the
suggested contribution of an elevated oxygen cost of breathing (OCB) to an increased
REE in COPD. The patients depleted in FFM were characterized by a higher residual
volume/TLC ratio and a lower maximal inspiratory mouth pressure (Pl-max) compared
to non-depleted patients, independently of hypermetabolism. This finding suggested a
higher OCB during activities, independently of REE, contributing to the elevated TDEE
previously reported in COPD The usually applied Harris and Benedict equations, that do
not consider body composition but only global body weight, overestimated the prevalence
of hypermetabolism at rest and linked hypermetabolism incorrectly to aging and FFM
depletion in COPD.
As one of the possible contributors to hypermetabolism at rest, in chapter 3 the acute
effects of nebulized salbutamol, a commonly used (5,-sympathicomimetic bronchodilating
drug, on REE was investigated in patients with COPD in comparison with a group of
younger and elderly healthy subjects. A single dose (5 mg) of nebulized salbutamol
induced an increase in REE of 4% in patients with COPD. which was lower than the
increase in younger healthy subjects (11%), but comparable to the increase in healthy
elderly control subjects (6%). It was concluded that the contribution of a single dose of
salbutamol to REE could not fully explain hypermetabolism at rest in patients with
COPD.
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The potential role of the hormone leptin in the regulation of the energy- balance in patients
with stable CQPD, m relationship with the systemic milarnmatofy response, was
investigated in chapter 4 Male patients with the COPD-suhtype emphysema exhibited
lower (detectable) leptin concentrations in comparison with male patients with the COPD-
subtype chrome bronchitis. This was due to a lower fat mass (FM). which is the tissue in
which leptin is predominantly produced, in emphysema. In emphysematous patients,
leptin was positively correlated with the inflammatory marker soluble TNF-reeeptor SS
(sTNF-R55X after adjustment for the influences of" FM and oral glueocorticosteroid (GC)
use. Leptin divided by FM was in turn inversely correlated with dietary intake in depicted,
predominantly emphysematous, male patients with COPD, as well as with the degree of
weight change after eight weeks of nutritional supplementation therapy This proposed
cytokine-leprin link in pulmonary cachexia might explain the poor response to nutritional
support in a part of the patients with COPD. ;•:•• ; , ; a ; f u ; ' : P S L
In chapter 5, the role of leptin in the energy balance of patients with COPD during the
first seven days of hospitalization for an acute disease exacerbation was investigated. On
admission to the hospital, the dietary intake/REE ratio was severely disturbed, but
gradually restored until day seven. Also temporary increases in the acute phase protein
response and in the systemic concentrations of glucose and insulin were seen Plasma
leptin divided by the amount of FM dropped during the course of the exacerbation, but
remained elevated compared to the concentration in healthy, elderly subjects. On day
seven of the exacerbation, sTNF-R55 was, independently of FM, correlated with the
natural logarithm (LN) of leptin as well as with plasma glucose. In turn, LN leptin, hut
also sTNF-R55, were inversely correlated with the dietary intake/REE ratio on day seven.
The temporarily disturbed energy balance during the first days of an acute exacerbation
of COPD was related to increased plasma leptin concentrations as well as to the systemic
inflammatory response. Evidence was found that leptin was in turn under control of the
systemic inflammatory response and, presumably, the high-dose systemic GC treatment.

Therapeutic options
Since body mass and FFM depletion adversely affect functional performance, health status
and survival rates in patients with COPD, nutritional support can be considered as an
appropriate treatment option. In chapter 6, the efficacy of eight weeks of oral nutritional
supplementation therapy (500-750 kcal/day extra) implemented in a standardized
pulmonary rehabilitation program in depleted and weight-losing patients with COPD was
investigated. Overall, significant increases in body weight, fat-free mass, respiratory and
peripheral muscle strength, exercise capacity and health status were achieved. About half
of the patients was long-term treated with low-dose oral GCs as maintenance anti-
inflammatory medication. The use of systemic GCs significantly attenuated the response
to nutritional support with respect to Pl-max, exercise capacity and health status. In
general, optimized nutritional supplementation therapy was effective in depleted and in
weight-losing patients with COPD, but for the subgroup long-term treated with oral GCs,
additional modes of intervention must be taken into investigation.
Not all depleted patients with COPD respond to nutritional therapy in terms of body
weight gain. Therefore we have investigated in chapter 7 the possible causes of
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nonresponse to eight weeks of optimized nutritional supplementation therapy (500-750
kcal/day extra) embedded in a pulmonary rehabilitation program. The subgroup of patients
that exhibited a body weight gain <2% were characterized by older age and, at baseline,
a lower dietary intake/REE ratio and higher circulating concentrations of fasting glucose,
LPS-binding protein and sTNF-R55 and R75 compared to patients with a body weight
gain ^ 5 % . Also the number of users of continuous oxygen supply was higher in
nonresponders. On regression analysis, age, baseline dietary intake/REE ratio, sTNF-R55
and extracellular/intracellular water ratio significantly and independently explained 78%
of the variation in body weight change after nutritional therapy. For depleted patients
characterized by an elevated systemic inflammatory response, additional treatment options
must be considered to enhance the response to nutritional therapy.
In chapter 8, the rationale for anabolic steroid therapy, the available clinical trials in acute
and chronic disease and the side-effects of anabolic steroids were reviewed. Also the
supposed mechanisms of action of anabolic steroids on muscle tissue, bone tissue, the
hematopoietic system, the acute phase response and immune function and their interaction
with glucocorticosteroids were discussed.
The efficacy of anabolic steroid treatment in the rehabilitation of male patients with
COPD was studied in chapter 9. Eight weeks of treatment with nandrolone decanoate
relative to placebo implemented in a pulmonary rehabilitation program resulted in higher
increases in FFM, intracellular mass and health status, without revelation of significant
side-effects. Furthermore, Pl-max and peripheral muscle endurance only improved in the
nandrolone decanoate treated patients. Irrespective of anabolic steroid addition,
pulmonary rehabilitation lead to improvements in peripheral muscle strength and exercise
capacity. About half of the patients was long-term treated with low-dose oral GCs as
maintenance anti-inflammatory medication. Maintenance oral GC treatment significantly
impaired the response to pulmonary rehabilitation with respect to Pl-max and exercise
capacity, unless nandrolone decanoate was given.

Chapter 10 comprised the general discussion of the thesis and suggests implications for
future investigations.
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In dit proefschrift werden de volgende onderwerpen bestudeerd:
1. De prevalentie van en de bijdragende factoren aan een verhoogd energiegebruik in
•''•••- rust bij patienten met chronisch obstructief longlijden ('chronic obstructive

pulmonary disease'; COPD).
2. The rol van leptine in de energiebalans bij patienten met COPD in de stabiele fase

en tijdens acute ziekte-exacerbaties.
3. De effectiviteit van behandeling met voedingssupplementen c.q. anabole steroiden

geimplementeerd in een longrevalidatieprogramma bij patienten met COPD. Ook
zijn de determinanten van het niet reageren op deze anabole behandelingsstrategie-
en onderzocht.

Hieronder worden de resultaten van de studies op deze drie onderzoeksterreinen kort
samengevat.

Rustenergiegebruik
Gewichtsverlies komt vaak voor bij patienten met COPD. Gewichtsverlies is de resultante
van een verstoorde balans tussen energieopname en energiegebruik. Naast een verhoogd
totaal dagelijks energiegebruik, wordt een verhoogd rustenergiegebruik vaak gerapporteerd
bij patienten met COPD. De prevalentie van hypermetabolisme in rust en de factoren die
ervoor verantwoordelijk zijn, zijn echter nog onbekend. In hoofdstuk 2 is de prevalentie
van een verhoogd rustenergiegebruik bij patienten met COPD bestudeerd, in relatie tot
lichaamssamenstelling en longfunctie. De vetvrije massa is de belangrijkste determinant
van het rustenergiegebruik bij gezonde individuen. In een behoorlijk deel van de COPD-
populatie is de vetvrije massa verlaagd. Om deze redenen hebben we de prevalentie van
hypermetabolisme in rust bij patienten met COPD bepaald aan de hand van de relatie
tussen vetvrije massa en rustenergiegebruik in een gezonde, oudere conrrolegroep. Op
basis van de gegenereerde vergelijkingen bedroeg de prevalentie van een verhoogd
rustenergiegebruik bij COPD 26%. Hypermetabole patienten werden gekarakteriseerd
door een lagere leefhjd en een lagere totale longcapaciteit vergeleken met normometabole
patienten. De laatste bevinding was in tegenspraak met de gesuggereerde bijdrage van een
verhoogde ademarbeid aan het verhoogde rustenergiegebruik bij COPD. De patienten die
leden aan depletie van vetvrije massa werden gekarakteriseerd door een hogere ratio
residuaal volume/totale longcapaciteit en een lagere ademhalingsspierkracht vergeleken
met niet-gedepleerde patienten, onafhankelijk van hypermetabolisme in rust. Deze
bevinding suggereerde een verhoogde ademarbeid tijdens activiteiten, onafhankelijk van
het rustenergiegebruik, bijdragend aan het verhoogde totaal dagelijks energiegebruik
eerder gerapporteerd bij COPD. De in het algemeen gebruikte Harris en Benedict
vergelijkingen, die geen rekening houden met de lichaamssamenstelling maar alleen met
het globale lichaamsgewicht, overgeschatten de prevalentie van hypermetabolisme in rust
bij COPD. Verder relateren ze hypermetabolisme in rust onterecht aan een hogere leeftijd
en aan depletie van vetvrije massa.
Een van de mogelijke oorzaken van hypermetabolisme in rust bij patienten met COPD is
het gebruik van luchtwegverwijdende medicatie zoals het B-,-sympathicomimeticum
salbutamol. In hoofdstuk 3 werden de acute effecten van vemeveld salbutamol op het
rustenergiegebruik bij patienten met COPD onderzocht, in vergelijking met een groep
jongere en oudere gezonde individuen. Vemeveling van 5 mg salbutamol induceerde een
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stijging in het rustenergiegebruik van 4% bij patienten met COPD. Deze stijging was lager
dan die bij gezonde jongeren (11%), maar vergelijkbaar aan die bij gezonde ouderen (6%).
Geconcludeerd werd dat de bijdrage van een enkele dosis salbutamol aan het rustenergie-
gebruik niet het hypermetabolisme in rust bij patienten met COPD volledig kon verklaren.

Leptine
De mogelijke rol van het hormoon leptine in de regulatie van de energiebalans bij
patienten met stabiel COPD, in relatie tot de systemisch inflammatoire respons, is
onderzocht in hoofdstuk 4. Mannelijke patienten met het COPD-subtype emfyseem
vertoonden lagere (detecteerbare) leptineconcentraties dan mannelijke patienten met het
COPD-subtype chronische bronchitis. Dit kwam door de lagere vetmassa, het weefsel
waarin leptine voomamelijk geproduceerd wordt, bij emfyseempatienten. Leptine was
positief gecorreleerd aan de circulerende inflammatoire merker TNF-receptor 55 bij
patienten met emfyseem, rekening houdend met de invloeden van vetmassa en oraal
glucocoiticosteroidgebruik. Leptine gedeeld door de vetmassa was negatief gecorreleerd
aan de voedselinname bij gedepleerde, voomamelijk emfysemateuze, mannelijke patienten
met COPD, evenals aan de gewichtsverandering na acht weken voedingssuppletie. Deze
correlaties tussen cytokines en leptine bij pulmonaire cachexie verklaren wellicht de
slechte respons op voedingstherapie bij een deel van de patienten met COPD.
In hoofdstuk 5 werd de rol van leptine in de energiebalans van patienten met COPD
tijdens de eerste zeven dagen van ziekenhuisopname wegens een acute ziekte-exacerbatie
onderzocht. Bij opname was de ratio voedselinname/rustenergiegebruik ernstig verstoord,
maar herstelde geleidelijk tot aan dag 7. Ook waren er tijdelijke verhogingen van de acute
fase respons en van de plasmaconcentraties van glucose en insuline. De concentratie
leptine gecorrigeerd voor de vetmassa daalde tijdens de exacerbatie, maar bleef verhoogd
ten opzichte van de concentratie bij gezonde, oudere individuen. Op dag zeven van de
exacerbatie was de circulerende TNF-receptor 55, onafhankelijk van de vetmassa,
gecorreleerd aan de concentraties leptine en glucose. Leptine en de circulerende TNF-
receptor 55 waren op dag zeven van de exacerbatie negatief gecorreleerd aan de ratio
voedselinname/rustenergiegebruik. De tijdelijk verstoorde energiebalans tijdens een acute
exacerbatie van COPD was geassocieerd met verhoogde leptineconcentraties en met de
systemisch inflammatoire respons. Er waren aanwijzingen dat leptine onder controle stond
van de systemisch inflammatoire respons en waarschijnlijk de hoge doses systemische
glucocorticosteroi'den.

Behandelingsopties
Omdat depletie van lichaamsgewicht en vetvrije massa een negatieve invloed hebben op
de functionele capaciteit, de gezondheidsstatus en de mortaliteit bij patienten met COPD,
is voedingssuppletie een passende behandelingsoptie. In hoofdstuk 6 werd de effectiviteit
van orale voedingstherapie in de vorm van supplementen (500-750 kcal/dag extra) bij
gedepleerde en gewichtsverliezende patienten met COPD onderzocht. De voedingsthera-
pie was geimplementeerd in een gestandaardiseerd longrevalidatieprogramma. Er werden
significante toenamen in lichaamsgewicht, vetvrije massa, ademhalings- en perifere
spierfunctie, inspanningscapaciteit en gezondheidsstatus bereikt. Ongeveer de helft van
de patienten werd behandeld met lage doses orale glucocorticosteroiden als onderhouds-
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medicatie. Patienten die systemische glucocorticosteroiden gebruikten, vertoonden een
significant lagere respons op voedingstherapie wat betreft ademhalingsspierfunctie,
inspanningscapaciteit en gezondheidsstatus dan patienten die geen systemische
glucocorticosteroiden gebruikten. In het algemeen was geoptimaliseerde voedingssuppletie
effectief bij gedepleerde en gewichtsverliezende patienten met COPD. Echter voor de
subgroep die langdung behandeld werd met orale glucocorticosteroiden, moeten
additionele interventiestrategieen in overweging genomen worden.
Niet alle gedepleerde patienten met COPD reageren op voedingstherapie met gewichtstoe-
name. Daarom hebben we in hoofdstuk 7 de mogelijke oorzaken van non-respons op acht
weken geoptimaliseerde voedingssuppletie (500-750 kcal/dag extra), geimplementeerd in
een longrevalidatieprogramma, onderzocht. De subgroep van patienten die minder dan 2%
aankwam in gewicht, werd gekarakteriseerd door een hogere leeftijd, een lagere ratio
voedselinname/rustenergiegebruik en hogere concentraties glucose, LPS-bindend eiwit en
de circulerende TNF-receptoren 55 en 75 vergeleken met patienten die 5% of meer
aankwamen in gewicht. Ook waren er meer patienten die continu zuurstof gebruikten in
de groep die niet goed reageerde op voedingssuppletie. Een regressieanalyse liet zien dat
de factoren leeftijd, de ratio voedselinname/rustenergiegebruik, de concentratie
circulerende TNF-receptor 55 en de ratio extracellulair/intracellulair water de variatie in
gewichtsverandering na voedingstherapie voor 78% konden verklaren. Voor gedepleerde
patienten gekarakteriseerd door een verhoogde systemisch inflammatoire respons moeten
additionele therapieen ontwikkeld worden, om de respons op voedingstherapie te
vergroten.
Hoofdstuk acht geeft een overzicht over de rationele voor therapie met anabole steroiden,
de beschikbare klinische onderzoeken bij acute en chronische ziekten en de bijwerkingen
van anabole steroiden. Ook worden de veronderstelde werkingsmechanismen van anabole
steroiden besproken wat betreft spierweefsel, botweefsel, het bloedbereidende systeem,
de acute fase respons, de immuunfunctie en de interactie met glucocorticosteroiden.
De effectiviteit van anabole steroidenbehandeling, geintegreerd in de revalidatie van
mannelijke patienten met COPD, werd onderzocht in hoofdstuk 9. Acht weken
behandeling met het anabool steroide nandrolon decanoaat resulteerde in sterkere
toenamen in de vetvrije massa, de intracellulaire massa en de gezondheidsstatus
vergeleken met placebo. Er werden geen noemenswaardige bijwerkingen gerapporteerd.
De ademhalingsspierfunctie en het uithoudingsvermogen van de perifere spieren
verbeterden alleen bij de met nandrolon decanoaat behandelde patienten. De kracht van
de perifere spieren en de inspanningscapaciteit verbeterden onafhankelijk van behandeling
met nandrolon decanoaat. Ongeveer de helft van de patienten kreeg lage doses orale
glucocorticosteroiden als onderhoudsbehandeling. In deze groep patienten waren de
verbeteringeri in de ademhalingsspierfunctie en de inspanningscapaciteit significant groter
na behandeling met nandrolon decanoaat vergeleken met placebo.
Hoofdstuk 10 behelsde de algemene discussie van het proefschrift en deed suggesties voor
verder onderzoek.
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12MWD
AIDS
ANOVA i'-e*i
APPR
BFU-E
BIA = •-,'•
BMI
CFU-E
CI
COPD
CRP
CSA
D,0
Dlco
DXA
ECM
ECW
ECW/1CW ratio
EDTA
ELISA
EPO
ESR
FEV,
FFA
FFM
FFMI
FM
FVC
GC
HB
HIV
HR
HRCT
HRP
i.m.
ICM
ICW
IGF
IL
ITGV
IVC
Kco
LBP

fat mass as percentage of body weight
percentage of predicted
12 minute walking distance
acquired immunodeficiency syndrome
analysis of variance ,,
acute phase protein response
burst-forming unit-erythroid
bioelectrical impedance analysis
body mass index
colony-forming unit-erythroid
confidence interval
chronic obstructive pulmonary disease
C-reactive protein
cross-sectional area
deuterium-labeled water
diffusing capacity for CO
dual-energy x-ray absorptiometry
extracellular mass
extracellular water
extiacellular/intracellular water ratio
ethylene-diamine-tetraacetic acid
enzyme-linked immunosorbent assay
erythropoietin
erythrocyte sedimentation rate
forced expiratory volume in one second
free fatty acid
fat-free mass
fat-free mass index
fat mass
forced vital capacity
glucocorticosteroid
Harris and Benedict
human immunodeficiency virus
heart rate
high-resolution computed tomography
horseradish peroxidase
intramuscular
intracellular mass
intracellular water
insulin-like growth factor
interleukin
intrathoracic gas volume
inspiratory vital capacity
diffusing capacity corrected for alveolar space
LPS-binding protein
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LDH
LN leptin
LPS
MHC
MIP
mRNA
ND
N1DDM
NS
OCB
p (-value)
PaCCX
PaO,
PE-max
PEF
PG
Pl-max
r
R-
Raw
REE
REEFFM
REEHB
rHuEPO
RQ
RV
SaO,
SD
SEM
SGRQ
sICAM
SPSS
STNF-R55
STNF-R75
TBW
TDEE
TLC
TNFa
UCP
VAS
V'CO,
V'O,

lactate dehydrogenase
natural logarhythm of leptin
lipopolysaccharide
myosin heavy chain
mean inspiratory pressure
messenger RNA
nandrolone decanoate
non-insulin-dependent diabetes mellitus
not significant
oxygen cost of breathing
statistical significance
arterial carbon dioxide tension
arterial oxygen tension
maximal expiratory pressure
peak expiratory flow
prostaglandin
maximal inspiratory mouth pressure
correlation coefficient
explained variance
airway resistance
resting energy expenditure
predicted REE adjusted for FFM
predicted REE on the base of the Harris and Benedict equations
recombinant human erythropoietin
respiratory quotient
residual volume
arterial oxygen saturation
standard deviation
standard error of the mean
St. Georges Respiratory Questionnaire
soluble intercellular adhesion molecule
statistical package for the social sciences
soluble TNF-receptor 55
soluble TNF-receptor 75
total body water
total daily energy expenditure
total lung capacity
tumor necrosis factor a
uncoupling protein
visual analogue scale
carbon dioxide production
oxygen consumption

169



5 2MWD

? . ' • : :

170

. • - . • : : f i v : : -•-: ' . ' • : • ' : >



, Naschrift

t r j - - : t ' V ' f t . i . ' o r h ' ; r . - . i ? • - ' • p i f f s i t i : ••';•

";".ft'"':j f• -?i{ffM ;i-Tr !:•.._' .1-.

• • " ' • ' 1

171



Dit naschrift geeft me de gelegenheid de mensen te bedanken, zonder wier hulp dit
proefschrift niet tot stand zou zijn gekomen.

Allereerst natuurlijk mijn co-promotor Dr. ir. Annemie Schols. Je kritische werkwijze
heeft voor een groot deel bijgedragen aan mijn vorming tot onderzoeker. Je enthousiasme
en betrokkenheid heb ik zeer gewaardeerd! Prof. dr. E. Wouters, door uw overkoepelende
visie over de materie heeft u uw waarde voor mij vooral getoond tijdens het schijven van
de artikelen, dank hiervoor.

Het onderzoek dat in dit proefschrift beschreven is, is uitgevoerd binnen de Universiteit
Maastricht c.q. het Academisch Ziekenhuis Maastricht en voor een groot deel binnen het
Astmacentrum Hornerheide. Omdat ik op beide plaatsen met veel plezier heb gewerkt, wil
ik de desbetreffende medewerkers van de afzonderlijke centra hieronder noemen.

Erica Baarends, bedankt voor al je hulp en de leuke samenwerking tijdens de
onderzoekstijd! Francine Bothmer, vooral tijdens mijn begintijd bij Longziekten heb ik
veel praktische zaken van je geleerd, bedankt! Mieke Dentener, jou wil ik bedanken voor
je kundige hulp en kritische blik met betrekking tot het inflammatoire deel van het
onderzoek. Marja Vermeeren, bedankt voor de prettige samenwerking op voedingsgebied.
Geertjan Wesseling wil ik bedanken voor de hulp tijdens de salbutamolstudie. Ook het
longfunctieteam onder leiding van Ingrid Vanderhoven en verpleegafdeling A3 bedankt
voor de medewerking.
De onderzoeksgroep van de capaciteitsgroep Pulmonologie en de vakgroep Longziekten
is de laatste jaren flink gegroeid. ik wil alle (oud-) collega's bedankt voor de collegialiteit
en gezelligheid: Roelinka Broekhuizen, Marielle Engelen, Frits Franssen, Harry Gosker,
Karin Groenewegen, Esther Koerts. Solange Kom, Mehmet Kiiciikaycan, Ramon Langen,
Lotte Nelissen, Andre Tinga en Juanita Vernooy. Ook de artsen en het secretariat van de
afdeling Longziekten: bedankt voor de prettige werkomgeving.

Wim Buurman van de capaciteitsgroep Algemene Heelkunde wil ik bedanken voor de
kritische adviezen met betrekking tot de artikelen over inflammatie. Francois van Dielen
van Algemene Heelkunde, bedankt voor de hulp bij de analyse van leprine. Annelies Goris
van de capaciteitsgroep Humane Biologie, bedankt voor je hulp bij de voedingsstudie
tijdens je stage op Hornerheide. KJaas Westerterp en Wouter van Marken Lichtenbelt van
de capaciteitsgroep Humane Biologie, hartelijk dank voor de samenwerking op het gebied
van de lichaamssamenstelling.

In het algemeen wil ik alle medewerkers van het Astmacentrum Hornerheide bedanken
voor hun bereidwillige medewerking aan het onderzoek. In het bijzonder: Clarie Weling.
bedankt voor je enthousiaste inzet voor het onderzoek. Je hebt me enorm geholpen door
veel praktische taken binnen de verschillende studies op je te nemen! De (long-) artsen
Rob Mostert en Joan Does en later ook Herman-Jan Pennings en Jean Simons wil ik
bedanken voor het soepel laten verlopen van het onderzoek in het astmacentrum. Ook de
inzet van het verpleegkundig team heb ik zeer gewaardeerd.
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De voedingsassistenten. vooral Alda Hendriks en Truus Hoebergen, wil ik bedanken voor
het uitdelen van wel heel veel pakjes bijvoeding. Bewegingsagogen Marco Akkermans en
Jerome Janssen: bedankt voor het goed laten verlopen van alle inspanningsonderzoeken
en trainingen van de patienten. Annelies Derks. Peggy Dzaak. Monique Peulen en Gonny
Vervuurt: bedankt voor de hulp en de gezelligheid tijdens alle uurtjes die ik op het
laboratorium heb vertoeft. Ook een bedankje aan de longfunctieassistenten Kitty Coenen
en Marianne Kerckhoffs, het team fysiotherapie onder leiding van Paul Janssen en de
secretaresses Annemiek Bergh en Gerry Janssen voor alle medewerking.

De beoordelingscommissie onder leiding van Prof. dr. R. Stockbriigger en verder
| bestaande uit Prof. dr. P. Calverley, Prof. dr. G. Ramsay, Prof. dr. H. Sauerwein en Prof.
p dr. K. Westerterp wil ik hartelijk danken voor het kritisch beoordelen van het proefschrift.
f Prof. Calverley, thank you for your critical evaluation of the thesis.

?• Het grootste gedeelte van het in dit proefschrift beschreven onderzoek werd uitgevoerd
;: met financiele steun van Numico Research BV en NV Organon, waarvoor dank. De rol

van het 'anabool management' in de behandeling van patienten met COPD is groeiende!
Het anabole steroidenonderzoek in samenwerking met NV Organon had een prominente
plaats in mijn AlO-tijd. Gerrit van de Laar, regelmatig kwam je op Homerheide voor een
werkbezoek dat altijd onderbroken werd voor een gezellige lunch. Jou en ook Rob
Pluymers wil ik hartelijk bedanken voor de prettige samenwerking.

Tenslotte: respect heb ik voor de longparienten, die belangenloos hebben meegewerkt aan
het onderzoek. Ondanks hun ziekte hadden ze vaak nog Mucht' voor een aardige
opmerking of grapje.
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Currtcw/um v/toe

Eva Creutzberg was bom on July 1, 1971 in Heiloo, The Netherlands. After she finished
secondary school (gymnasium beta; Murmellius Gymnasium, Alkmaar, The Netherlands)
in 1989, she attended the one-year education at the 'Vrije Hogeschool' (Driebergen, The
Netherlands). In 1990 she started the study 'Health Sciences' at the University of
Maastricht, The Netherlands and specialized in 'Biological Health Sciences'. She
graduated in 1995 on a research project performed at the Department of Pulmonology,
University Hospital Maastricht.
From March 1995 until October 2000 she worked as a PhD student c.q. research assistant
at the Department of Pulmonology of the University Hospital Maastricht. Her project
concerned energy metabolism and inflammation in relation to tissue depletion in COPD,
as well as therapeutic options for the treatment of the systemic impairments in patients
with COPD.
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