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Weight Gain in Cachectic COPD Patients Receiving
Noninvasive Positive-Pressure Ventilation

Stephan Budweiser MD, Frank Heinemann MD, Kerstin Meyer,
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BACKGROUND: In chronic obstructive pulmonary disease (COPD), body mass index (BMI) is an
important predictor of survival. Little is known about the prevalence of malnutrition or longitu-
dinal changes of BMI in patients undergoing noninvasive positive-pressure ventilation (NPPV).
METHODS: In a cohort study of 141 patients with COPD and severe chronic respiratory failure
(mean forced expiratory volume in the first second [FEV1] 0.80 � 0.27 L, mean PaCO2

55.6 � 8.8
mm Hg), we investigated nutritional status in relation to respiratory impairment. Changes in BMI
were evaluated at 6 and 12 months after initiation of NPPV. RESULTS: Malnutrition, indicated by
a BMI of < 20 kg/m2, was found in 20.6% of the patients. BMI was significantly correlated with the
severity of respiratory impairment, especially with hyperinflation (residual volume divided by total
lung capacity, r � �0.55, p < 0.001). In malnourished patients (BMI < 20 kg/m2) there was a
significant increase in body weight after 6 months (6.2 � 12.5%, p < 0.05) and 12 months (12.8 �
16.0%, p < 0.01), whereas there were no significant changes in the overall study population.
Furthermore, there was no correlation between changes in BMI and changes in blood-gas values,
lung function, or inspiratory muscle function, either in the entire patient group or in the subgroup
of malnourished patients. CONCLUSIONS: In COPD with chronic respiratory failure, malnutri-
tion is common and strongly related to hyperinflation. After initiation of NPPV, a significant weight
gain is observed in malnourished COPD patients. Key words: chronic obstructive pulmonary disease,
COPD, malnutrition, body mass index, noninvasive positive-pressure ventilation, chronic respiratory
failure. [Respir Care 2006;51(2):126–132. © 2006 Daedalus Enterprises]

Introduction

In recent years there has been growing evidence that in
patients with chronic obstructive pulmonary disease
(COPD), malnutrition, low body weight, and weight loss
are independent and negative risk factors for survival.1–7

However, the underlying pathogenic mechanisms leading
to negative energy balance are poorly understood and may
be quite varied in origin.8–10 In contrast to other chronic
wasting diseases, COPD patients often have elevated ac-
tivity-induced energy expenditure and resting energy re-
quirements as well.11,12 Weight loss is particularly pro-

nounced in advanced and emphysematous COPD with
severe hyperinflation and airway obstruction.13–15 This may
indicate that the elevated cost of breathing and increased
respiratory muscle activity play at least one important role
for increased energy metabolism.9,15,16 However, as indi-
cated in a recently published meta-analysis, merely a high
caloric enhancement and nutritional supplementation were
not particularly successful in improving nutritional status
in COPD.17–19
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tomatic chronic respiratory failure, and malnutrition seems
to be highly prevalent in these patients.20 The pathogenesis
of chronic respiratory failure and the mechanisms by which
it can be reversed by NPPV are still under discussion.21

Some investigators have demonstrated that NPPV can re-
duce respiratory muscle activity22,23 or, more recently, lung
hyperinflation.24,25 Both effects could probably lead to de-
creased energy requirements. Surprisingly, the long-term
effects of NPPV on nutritional status have not yet been
investigated. Thus, we performed the present analysis to
investigate whether initiation of NPPV results in an alter-
ation in body weight, particularly in malnourished patients,
up to 12 months after initiation of treatment, and whether
there is a link to changes in functional variables.

Methods

Selection Criteria

Patients with COPD discharged with NPPV from Feb-
ruary 1995 to June 2004 were eligible for the study. With
these patients we initiated NPPV based on clinical symp-
toms (dyspnea, fatigue, morning headache), PaCO2

(� 45
mm Hg while breathing room air), impaired pulmonary
function, and signs of cor pulmonale. We included only
patients who were in a stable state of the disease, which
was defined by the absence of acidosis (pH � 7.35) and
the absence of signs of pulmonary infection or systemic
inflammation (C-reactive protein � 20 mg/dL). Patients
who had been intubated or tracheostomized prior to NPPV
were excluded from this analysis. Furthermore, patients
who had severe obesity (body mass index [BMI] � 40
kg/m2) were not accepted. None of the patients had been
treated with NPPV before. All patients had received �
agonists, anticholinergic agents, inhaled steroids, and (oc-
casionally) systemic steroids; most had also received the-
ophylline.

Measurements

Before initiation of NPPV, blood-gas measurements
(Rapidlab, Bayer, East Walpole, Massachusetts) were taken
from the hyperemic earlobe, during the daytime, during
spontaneous breathing of room air or the patient’s usual
oxygen flow. To minimize the bias from different oxygen
flows, we primarily used the blood-gas samples while the
patient was not inhaling supplemental oxygen, if they were
available. Otherwise, the samples were taken while the
patient breathed his or her usual resting oxygen flow. How-
ever, values closest to the initiation time of NPPV and
showing best oxygenation (arterial oxygen saturation �
90% or PaO2

� 60 mm Hg) were considered the baseline
values. Whole-body plethysmography was performed per
the guidelines of the American Thoracic Society.26 The

reference values were those of the European Community
for Steel and Coal.27 Inspiratory mouth-occlusion pressure
at 100 ms (P0.1) and maximum static inspiratory mouth
pressure were measured as previously described.28 The
best of 3 reproducible efforts was usually chosen.

Weight was measured during each hospital stay, with
the patient wearing indoor clothes, and using a digital
scale. We measured height to the nearest 1.0 cm, with the
patient standing barefoot. BMI was then calculated as
weight/height2 (kg/m2).

Patients were routinely reviewed after 3 months and/or
6 months and 12 months for follow-up investigation. Ven-
tilation was then determined with capillary blood-gas val-
ues, measured twice at night during ventilation, and in the
daytime during spontaneous breathing 4–6 hours after noc-
turnal NPPV. Ventilation parameters were adjusted to op-
timize capillary gas values and nocturnal oxygen satura-
tion. Whole-body plethysmography, inspiratory muscle
tests, and BMI were reassessed at the follow-up investi-
gations.

NPPV Technique and Setting

Upon initiation of NPPV, the ventilator was set in the
spontaneous-timed (assist-control) mode, with low inspira-
tory pressure and back-up respiratory frequency. After a
period of adaptation, the ventilation parameters were set to
the patient’s comfort level, but targeting a tidal volume of
7–10 mL/kg. Oxygen was supplemented to achieve an
oxygen saturation of � 90%. The beneficial effect of the
ventilation and oxygen supplementation was then assessed
by repeated measurements of capillary blood-gas values
during the night. In the case of persistent hypercapnia, we
adjusted the ventilation parameters to achieve more effec-
tive ventilation. In this analysis, 10 different home respi-
rators were in use, although most of our patients were
ventilated with the Onyx Plus (Nellcor Puritan Bennett,
Courtaboef Cedex, France) or the Bipap Synchrony ST
(Respironics, Murrysville, Pennsylvania). A humidifi-
cation system was installed if dry mucous membranes
developed.

NPPV was delivered to 127 patients via nasal mask
(nasal mask Gold or Special, Respironics, Murrysville,
Pennsylvania, or NV Ultra Mirage nasal mask, ResMed,
North Ryde, Australia), and to 5 patients via full-face mask
(Ultra Mirage, ResMed, North Ryde, Australia) of various
sizes and types. In 9 patients, an individually manufac-
tured mask was applied. Upon discharge from the hospital,
patients were ventilated with a mean expiratory positive
airway pressure of 3.9 � 1.6 cm H2O, a mean inspiratory
positive airway pressure of 19.8 � 4.2 cm H2O, and a
mean respiratory frequency of 20.1 � 4.2 breaths/min.
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Statistical Analysis

Initial BMI was compared to the values at 6 months and
12 months. If the patient missed the 6-month follow-up
visit, the values from the 3-month follow-up visit were
accepted. Changes in BMI, blood-gas values, and lung/
inspiratory muscle function were analyzed with the Wil-
coxon test for dependent variables. Relationships between
body weight, lung function, and blood-gas values were
assessed with a linear regression model (Pearson). Results
are shown as mean � SD. Differences were considered
statistically significant when p � 0.05. Calculations were
made with SPSS version 10.0 (SPSS, Chicago Illinois).

Results

Patient Sample

Using a protocol approved by the institutional review
board, we enrolled 308 patients with COPD in whom NPPV
was initiated. Sixty-four patients (20.8%) were excluded
because they were primarily intubated due to acute-on-
chronic respiratory failure or switched from tracheotomy
to NPPV. Ninety-three patients (30.2%) had pH � 7.35,
suffered from severe pulmonary infection, or had signs of
systemic inflammation (C-reactive protein � 20 mg/dL).
Ten patients (3.2%) were excluded because of severe obe-
sity. Thus, data from 141 patients were available for anal-
ysis at baseline. Table 1 shows the number of available
data entries and the reasons for missing values at 6 months
and 12 months.

Patient Characteristics at Baseline

Median age at baseline was 65.0 � 8.4 years (range
41.7– 80.0 y). The female patients were significantly
younger (60.6 � 9.7 y, n � 35) than the male patients
(66.4 � 7.4 y, n � 106) (p � 0.05). The population was
characterized by a severe form of COPD, corresponding to

the Global Initiative for Obstructive Lung Disease’s
(GOLD) stage IV. Their median daytime PaCO2

was 55.6 �
8.8 mm Hg during spontaneous breathing (1.2 � 1.1 L),
and FEV1 was 0.80 � 0.27 L, which was 29.7 � 9.1% of
predicted. Table 2 shows the baseline data and changes
1 year after initiation of NPPV.

Distribution of BMI and Prevalence of Malnutrition

In general, the patients had mild obesity, with a median
BMI of 26.0 � 6.1 kg/m2. Figure 1 shows the distribution
of BMI related to sex. The prevalence of malnutrition, as
indicated by a BMI of � 20 kg/m2, was 20.6%. Malnu-
trition was more pronounced among the female patients
(28.6%) than among the male patients (17.9%).

Relationship of Nutritional Status to Functional
Variables

Considering baseline values, we found that nutritional
status was correlated to the severity of the disease (Table
3). However, the strongest correlation was between BMI
and hyperinflation (residual volume divided by total lung
capacity) (r � �0.55, p � 0.001).

Changes in BMI After Initiation of NPPV

Figure 2 shows the changes in BMI at 6 months and
1 year of nocturnal NPPV treatment. After 1 year, there
was a slight overall trend toward weight gain. In mal-
nourished patients (BMI � 20 kg/m2) we found signif-
icant increases in body weight after 6 months (6.2 �
12.5%, p � 0.05) and 1 year (12.8 � 16.0%, p � 0.01).

Changes in Pulmonary Function and Correlation to
Changes in BMI

After 1 year of NPPV treatment, no significant correla-
tion could be seen between changes in BMI and changes in
blood-gas values, lung function, or inspiratory muscle func-
tion among the studied patients, including the malnour-
ished-patient subgroup.

Discussion

The aim of this study was to evaluate the prevalence of
malnutrition and the longitudinal changes in nutritional
status in COPD patients with severe chronic respiratory
failure undergoing NPPV. Malnutrition, defined by a BMI
of � 20 kg/m2, was frequent and related to respiratory
impairment, particularly hyperinflation and hypercapnia.
After initiation of NPPV there was significant weight gain
among the malnourished patients, but this weight gain was

Table 1. Follow-Up Data

Patients (n)

Baseline
6

Months
12

Months

Deceased NA 7 22
Withdrew* NA 5 9
Missing control† NA 4 7
Available 141 125 103

* Patients discontinued noninvasive positive-pressure ventilation
† Patients did not come to routine follow-up investigation
NA � not applicable
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not correlated to the improvements in blood-gas values or
lung function.

Impact and Prevalence of Malnutrition in COPD

In recent years, evidence has been growing that COPD
does not exclusively involve the lungs, but also leads to
extrapulmonary abnormalities, or so-called systemic ef-
fects of COPD. Among these, malnutrition is a central
feature and predictor of survival.1–7,10,29 A particularly short

life expectancy is reported in patients with severe COPD
and chronic respiratory failure who are treated with long-
term oxygen therapy and/or home mechanical ventilation.1

However, no study has yet exclusively investigated nutri-
tional status of patients with severe hypercapnic COPD in
a large population treated with NPPV, although also hy-
percapnia—to a lesser extent than other factors—was de-
scribed several years ago as a prognostic factor of

Table 2. Changes in Respiratory Variables After 1 Year of NPPV

Variable
Baseline

(mean � SD)

Value After
1 Year

(mean � SD)
n* p†

RV/TLC (%) 74.0 � 8.5 69.1 � 9.8 97 � 0.001
FEV1 (L) 0.80 � 0.27 0.94 � 0.36 97 � 0.001
P0.1 (cm H2O) 5.2 � 2.2 5.4 � 2.0 86 0.94
PIP (cm H2O) 39.8 � 17.4 47.0 � 20.4 86 0.03
P0.1/PIP 0.16 � 0.12 0.14 � 0.09 86 0.28
PaCO2

(mm Hg) 55.6 � 8.8 45.2 � 7.7 101 � 0.001
PaO2

(mm Hg) 58.3 � 18.0 63.9 � 13.9 101 � 0.001
O2 flow (L) 1.2 � 1.1 1.2 � 1.3 101 0.91
BE (mmol/L) 8.6 � 4.4 4.7 � 3.7 101 � 0.001
pH 7.41 � 0.04 7.43 � 0.04 101 � 0.001
Hb (g/dL) 14.6 � 2.1 13.9 � 1.5 103 � 0.001

* Number of patients with data available at baseline and at 1 year
† Via Wilcoxon test for dependent variables
NPPV � noninvasive positive-pressure ventilation
RV � residual volume
TLC � total lung capacity
FEV1 � forced expiratory volume in the first second
P0.1 � airway occlusion pressure 0.1 s after the onset of inspiratory effort
PIP � peak inspiratory pressure
BE � base excess
Hb � hemoglobin

Fig. 1. Distribution of body mass index related to sex.

Table 3. Correlation of Respiratory Variables With BMI at Baseline

Variable n
Correlation
With BMI

(r)
p*

FEV1 140 0.47 � 0.001
TLC 140 �0.40 � 0.001
RV/TLC 140 �0.55 � 0.001
P0.1 111 �0.20 � 0.05
PIP 111 0.24 � 0.01
P0.1/PIP 111 �0.11 0.26
PaCO2

141 �0.26 � 0.01
PaO2

141 �0.07 0.42
BE 141 �0.34 � 0.001

* Via Wilcoxon test for dependent variables
BMI � body mass index
FEV1 � forced expiratory volume in the first second
TLC � total lung capacity
RV � residual volume
P0.1 � airway occlusion pressure 0.1 s after the onset of inspiratory effort
PIP � peak inspiratory pressure
BE � base excess
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COPD.30,31 In our analysis of chronic stable COPD pa-
tients, malnutrition was present in 20.6% of patients, which
is comparable to the prevalence that Gray-Donald et al
observed among patients recruited for a study of negative-
pressure ventilation.2 However, other investigators who
analyzed COPD patients with LTOT5 and/or home me-
chanical ventilation20 found their patients even more nu-
tritionally depleted, although those patients’ FEV1 percent
of predicted ranged over 30% in those studies. This clearly
indicates that FEV1 alone, as a traditional marker of the
severity of COPD, is not sufficient to explain nutritional
depletion in severe COPD.

Malnutrition and Respiratory Impairment

Many studies have attempted to establish a relationship
between malnutrition and respiratory variables, but most
have only analyzed different degrees of severity or small
patient samples.13,20,32–34 In our analysis of a large and
homogenous population of severely hypercapnic COPD
patients, nutritional depletion was particularly correlated
to lung-function impairment. Previous investigators have
reported a relationship between airflow obstruction (FEV1),
diffusing capacity of the lung for carbon monoxide, and
body weight.13,14,20,35 In our study, the factor most strongly
correlated with BMI was hyperinflation, or, more specif-
ically, residual volume divided by total lung capacity. This
relationship may indicate that respiratory mechanics are
involved in cachexia of severe COPD (GOLD stage IV),
as previously proposed.9,15,16,36 In accordance with Fiac-
cadori et al, we also found a significant inverse correlation
between hypercapnia and BMI.34 Moreover, we observed
that BMI was significantly correlated to base excess, which
in particular reflects the chronic status of respiratory fail-
ure. These results could imply that chronic hypercapnia

plays an important role in the development of malnutri-
tion.

Effects of NPPV on Body Weight

Although the mechanisms of malnutrition in COPD re-
main unclear, weight gain results in an improved progno-
sis in COPD.37 Nevertheless, an adequate strategy for the
long-term treatment of cachexia is not available.12 In the
current study we found significant weight gain in malnour-
ished patients after initiation of NPPV. However, although
some variables have been found to be correlated to mal-
nutrition, the improvement in those variables, particularly
the highly significant reduction in hyperinflation or hyper-
capnia, were not related to weight gain. These results are
in line with those of studies that investigated the effects of
lung-volume-reduction surgery, which resulted in similar
weight gain and were correlated to changes in diffusing
capacity of the lung for carbon monoxide, but not to changes
in total lung capacity or residual volume.38,39 Therefore, it
is unlikely that the observed weight gain is simply a con-
sequence of improved respiratory mechanics due to re-
duced lung volumes.

Since the exact mechanisms of weight loss in COPD are
unknown, we can only speculate about the mechanisms by
which NPPV reverses weight loss. Patients with COPD
have an increased resting energy expenditure, which can
be partly explained by increased work of breath-
ing.9,10,15,16,35 NPPV could, at least theoretically, reduce
energy requirements by nocturnal resting of inspiratory
muscles. To our knowledge, only one small study, with 6
patients, has directly measured (via indirect calorimetry)
changes in energy requirements during NPPV, and that
study found only a slight decrease in oxygen consump-
tion.40 Although some authors have proposed that NPPV
primarily acts by unloading ventilatory muscles,22,23,41 this
theory is not generally accepted. Indeed, in our analysis
we did not detect any significant changes in inspiratory
load (P0.1). One of the most important effects of NPPV,
shown in numerous studies and the current analysis as
well, is that NPPV improves blood-gas values, in partic-
ular by reducing hypercapnia and improving hypox-
emia.41–45 It has been postulated that tissue hypoxia may
cause cellular bioenergetic alterations, leading to increased
metabolic rate and depressed protein synthesis.10,46 More-
over, hypercapnia and acidosis are thought to be involved
in functional and structural changes in skeletal muscle.47,48

In our study, hypercapnia was correlated with BMI at
baseline, but the reduction of PaCO2

was not correlated to
the increase in BMI, so other mechanisms have to be
considered.

Circulating cytokines, such as tumor necrosis factor al-
pha, are thought to have a causal relationship to nutritional
depletion and are particularly expressed in underweight

Fig. 2. Change in body mass index after 6 months and 12 months
of noninvasive positive-pressure ventilation, compared to baseline
values. * p � 0.05. † p � 0.01.
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COPD patients.49–54 However, fewer episodes of acute-
on-chronic respiratory failure caused by progression of the
disease, combined with fewer intensive-care-unit admis-
sions after initiation of NPPV, have been reported.42,55

Thus, although the exact mechanisms cannot yet be ex-
plained, one hypothesis is that NPPV influences systemic
inflammation by stabilizing the chronic disease.

Finally, NPPV has been shown to reduce dyspnea and
respiratory frequency.23,24,40,56 Since a rapid shallow breath-
ing pattern and arterial oxygen desaturation are thought to
limit food intake,9,33 NPPV therapy could enable patients
to attain adequate caloric intake, resulting in significant
weight gain.

Study Limitations

Exacerbation of COPD is accompanied by an impaired
energy balance that is due to decreased dietary intake and
augmented resting energy requirements.57 However, to in-
vestigate the effects of NPPV on BMI only in stable COPD,
we applied strict exclusion criteria to a population of more
than 300 patients. Nevertheless, because of the lack of a
control group, our results have to be verified in a prospec-
tive controlled trial.

Conclusions

We found that malnutrition is common in severely hy-
percapnic COPD patients. Moreover, BMI is related to
respiratory impairment, particularly lung hyperinflation and
hypercapnia. Initiation of NPPV did result in significant
weight gain in malnourished patients, which could support
the concept of NPPV in the treatment of stable hypercap-
nic COPD.
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cophone de Nutrition Entérale et Parentérale. Nutritional depletion in
patients on long-term oxygen therapy and/or home mechanical ven-
tilation. Eur Respir J 2002;20(1):30–37.

21. Mehta S, Hill NS. Noninvasive ventilation. Am J Respir Crit Care
Med 2001;163(2):540–577.

22. Carrey Z, Gottfried SB, Levy RD. Ventilatory muscle support in
respiratory failure with nasal positive pressure ventilation. Chest
1990;97(7):150–158.

23. Nava S, Ambrosino N, Rubini F, Fracchia C, Rampulla C, Torri G,
Calderini E. Effect of nasal pressure support ventilation and external
PEEP on diaphragmatic activity in patients with severe stable COPD.
Chest 1993;103(1):143–150.

24. Diaz O, Begin P, Torrealba B, Jover E, Lisboa C. Effects of nonin-
vasive ventilation on lung hyperinflation in stable hypercapnic COPD.
Eur Respir J 2002;20(6):1490–1498.

WEIGHT GAIN AFTER INITIATION OF NPPV

RESPIRATORY CARE • FEBRUARY 2006 VOL 51 NO 2 131



25. Budweiser S, Heinemann F, Fischer W, Dobroschke J, Pfeifer M.
Long-term reduction of hyperinflation in stable COPD by non-inva-
sive nocturnal home ventilation. Respir Med 2005;99(8):976–984.

26. Standardization of spirometry –1987 update: statement of the Amer-
ican Thoracic Society. Am Rev Respir Dis 1987;136(5):1285–1298.

27. Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin R, Yer-
nault JC. Lung volumes and forced ventilatory flows. Report Work-
ing Party Standardization of Lung Function Tests, European Com-
munity for Steel and Coal. Official Statement of the European
Respiratory Society. Eur Respir J Suppl 1993;16:5–40.

28. Black LF, Hyatt RE. Maximal respiratory pressures: normal values
and relationship to age and sex. Am Rev Respir Dis 1969;99(5):
696–702.

29. Wouters EFM. Chronic obstructive pulmonary disease. 5: Systemic
effects of COPD. Thorax 2002;57(12):1067–1070.

30. Boushy SF, Thompson HK Jr, North LB, Beale AR, Snow TR.
Prognosis in chronic obstructive pulmonary disease. Am Rev Respir
Dis 1973;108(6):1373–1383.

31. MacNee W. Predictors of survival in patients treated with long-term
oxygen therapy. Respiration 1992;59 Suppl 2:5–7.

32. Godoy I, Castro E Silva MH, Togashi RH, Geraldo RR, Campana
AO. Is chronic hypoxemia in patients with chronic obstructive pul-
monary disease associated with more marked nutritional deficiency?
A study of the fat-free mass evaluated by anthropometry and bioel-
ectrical impedance methods. J Nutr Health Aging 2000;4(2):102–
108.

33. Engelen MP, Schols AM, Baken WC, Wesseling GJ, Wouters EF.
Nutritional depletion in relation to respiratory and peripheral skeletal
muscle function in out-patients with COPD. Eur Respir J 1994;7(10):
1793–1797.

34. Fiaccadori E, Del Canale S, Coffrini E, Vitali P, Antonucci C, Cac-
ciani G, et al. Hypercapnic-hypoxemic chronic obstructive pulmo-
nary disease (COPD): influence of severity of COPD on nutritional
status. Am J Clin Nutr 1988;48(3):680–685.

35. Wilson DO, Rogers RM, Wright EC, Anthonisen NR. Body weight
in chronic obstructive pulmonary disease. The National Institutes of
Health Intermittent Positive-Pressure Breathing Trial. Am Rev Re-
spir Dis 1989;139(6):1435–1438.

36. Donahoe M, Rogers RM, Wilson DO, Pennock BE. Oxygen con-
sumption of the respiratory muscles in normal and in malnourished
patients with chronic obstructive pulmonary disease. Am Rev Respir
Dis 1989;140(2):385–391.

37. Schols AM, Slangen J, Volovics L, Wouters EF. Weight loss is a
reversible factor in the prognosis of chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 1998;157(6 Pt 1):1791–1797.

38. Christensen PJ, Paine R 3rd, Curtis JL, Kazerooni EA, Iannettoni
MD, Martinez FJ. Weight gain after lung volume reduction surgery
is not correlated with improvement in pulmonary mechanics. Chest
1999;116(6):1601–1607.

39. Oey IF, Bal S, Spyt TJ, Morgan MD, Waller DA. The increase in
body mass index observed after lung volume reduction may act as
surrogate marker of improved health status. Respir Med 2004;98(3):
247–253.

40. Hugli O, Schutz Y, Fitting JW. The cost of breathing in stable
chronic obstructive pulmonary disease. Clin Sci (Lond) 1995;89(6):
625–632.

41. Nava S, Fanfulla F, Frigerio P, Navalesi P. Physiologic evaluation of
4 weeks of nocturnal nasal positive pressure ventilation in stable
hypercapnic patients with chronic obstructive pulmonary disease.
Respiration 2001;68(6):573–583.

42. Meecham-Jones DJ, Paul EA, Jones PW, Wedzicha JA. Nasal pres-
sure support ventilation plus oxygen compared with oxygen therapy

alone in hypercapnic COPD. Am J Respir Crit Care Med 1995;
152(2):538–544.

43. Jones SE, Packham S, Hebden M, Smith AP. Domiciliary nocturnal
intermittent positive pressure ventilation in patients with respiratory
failure due to severe COPD: long-term follow up and effect on
survival. Thorax 1998;53(6):495–498.

44. Sivasothy P, Smith IE, Shneerson JM. Mask intermittent positive
pressure ventilation in chronic hypercapnic respiratory failure due to
chronic obstructive pulmonary disease. Eur Respir J 1998;11(1):34–
40.

45. Criner GJ, Brennan K, Travaline JM, Kreimer D. Efficacy and com-
pliance with noninvasive positive pressure ventilation in patients
with chronic respiratory failure. Chest 1999;116(3):667–675.

46. Sauleda J, Garcı́a-Palmer F, Wiesner RJ, Tarraga S, Harting I, To-
más P, et al. Cytochrome oxidase activity and mitochondrial gene
expression in skeletal muscle of patients with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 1998;157(6 Pt 1):
1413–1417.

47. Agusti AG, Sauleda J, Miralles C, Gomez C, Togores B, Sala E, et
al. Skeletal muscle apoptosis and weight loss in chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 2002;166(4):485–
489.

48. Jagoe RT, Engelen MP. Muscle wasting and changes in muscle
protein metabolism in chronic obstructive pulmonary disease. Eur
Respir J Suppl 2003;46:52S–63S.

49. de Godoy I, Donahoe M, Calhoun WJ, Mancino J, Rogers RM.
Elevated TNF-� production by peripheral blood monocytes of weight-
losing COPD patients. Am J Respir Crit Care Med 1996;153(2):633–
637.

50. Di Francia M, Barbier D, Mege JL, Orehek J. Tumor necrosis fac-
tor-� levels and weight loss in chronic obstructive pulmonary dis-
ease. Am J Respir Crit Care Med 1994;150(5 Pt 1):1453–1455.

51. Eid AA, Ionescu AA, Nixon LS, Lewis-Jenkins V, Matthews SB,
Griffiths TL, Shale DJ. Inflammatory response and body composi-
tion in chronic obstructive pulmonary disease. Am J Respir Crit Care
Med 2001;164(8 Pt 1):1414–1418.

52. Schols AM, Buurman WA, Staal van den Brekel AJ, Dentener MA,
Wouters EF. Evidence for a relation between metabolic derange-
ments and increased levels of inflammatory mediators in a subgroup
of patients with chronic obstructive pulmonary disease. Thorax 1996;
51(8):819–824.

53. Takabatake N, Nakamura H, Abe S, Inoue S, Hino T, Saito H, et al.
The relationship between chronic hypoxemia and activation of the
tumor necrosis factor-� system in patients with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 2000;161(4 Pt 1):
1179–1184.

54. Gan WQ, Man SFP, Senthilselvan A, Sin DD. Association between
chronic obstructive pulmonary disease and systemic inflammation: a
systematic review and a meta-analysis. Thorax 2004;59(7):574–580.

55. Clini E, Sturani C, Rossi A, Viaggi S, Corrado A, Donner CF,
Ambrosino N; Rehabilitation and Chronic Care Study Group, Italian
Association of Hospital Pulmonologists (AIPO). The Italian multi-
centre study on noninvasive ventilation in chronic obstructive pul-
monary disease patients. Eur Respir J 2002;20(3):529–538; Erratum
in Eur Respir J 2002;20(6):1617.

56. Ambrosino N, Nava S, Bertone P, Fracchia C, Rampulla C. Physi-
ologic evaluation of pressure support ventilation by nasal mask in
patients with stable COPD. Chest 1992;101(2):385–391.

57. Vermeeren MA, Schols AM, Wouters EF. Effects of an acute exac-
erbation on nutritional and metabolic profile of patients with COPD.
Eur Respir J 1997;10(10):2264–2269.

WEIGHT GAIN AFTER INITIATION OF NPPV

132 RESPIRATORY CARE • FEBRUARY 2006 VOL 51 NO 2


