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ABSTRACT: The resting energy expenditure (REE) was measured by In
direct calorimetry in 10 patients with chronic obstructive pulmonary dis
ease (COPD) In stable clinical state and in 10 normal subjects. In order 
to avoid artefactually Increased values, REE was obtained from prolonged 
measurements In steady state using a ventilated hood, without facial 
apparatus. The REE of COPD patients was significantly Increased to 
117% of predicted basal metabolic rate and to 125% of the control group 
values. Rib cage and abdominal movements were measured In COPD 
patients by Inductance plethysmography and expressed with three 
jndlces: rib cage contribution to tidal volume (RC/VT), variability in com
partmental contribution to tidal volume (so RCNT), and maximal com
partmental amplitude/tidal volume ratio (MCANT). No correlation was 
found between REE and any of the Indices of rib cage and abdominal 
motion. We conclude that the REE Is lm:reased In patients with COPD 
in stable clinical state, but Is not related to the degree of abnormal rib 
cage-abdominal motion. 
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Malnutrition is known to be frequently associated 
with chronic obstructive pulmonary disease (COPD). It 
has been shown to be more severe in hospitalized [I) 
than in ambulatory patients [2], and more severe in 
patients with, than without, acute respiratory failure [3]. 
According to dietary histories, the weight loss of COPD 
patients does not seem to be mainly the consequence 
of a reduced caloric intake [1, 2]. Therefore, a hyper
metabolic state has been postulated to explain the de
velopment of malnutrition in these patients. Short-term 
measurements, using a mouthpiece to collect expired air, 
gave increased values of oxygen consumption in COPD 
patients (2, 4]. However, by the stimulating effect of 
the mouthpiece [5, 6] and the short time allowed for 
equilibration, such conditions of measurement may 
prevent the subjects from attaining their true level of 
resting energy expenditure (REE). Therefore, the first 
aim of this study was to determine if COPD patients 
present an increased REE, using standard methods of 
calorimetry. 

second aim of this study was to evaluate the relation
ship between REE and different indices of rib cage and 
abdominal motion. 

The most likely cause of an increased energy expen
diture in COPD is currently thought to be the respira
tory muscles [7). Indeed, they face a high load and they 
work in unfavourable mechanical conditions because of 
hyperinflation. As a consequence, patients with COPD 
often manifest abnormal respiratory muscle recruitment 
and some degree of chest wall distortion. Therefore, the 

Subjects 

Ten male patients with COPD, defined by the pres
ence of chronic airflow obstruction and permanent 
dyspnoea on exertion, were studied. They were all in 
stable clinical state at the time of the study. The re
sults of their lung function tests, including lung volumes 
as measured by body plethysmography (Erich Jaeger, 
Wurzburg, FRG), are presented in table 1. Ten normal 
male subjects previously studied under the same experi
mental conditions in our laboratory were included as 
control group for the metabolic part of the study [8]. 
The physical characteristics of the two groups of sub
jects are presented in table 2. The protocol had been 
approved by the Hospital Ethical Committee. 

Methods 

For each subject, the body fat content was estimated 
by measuring skinfold thickness at four sites - bicipi
tal, tricipital, subscapular, suprailiac • with a caliper 
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Table 1. - Pulmonary function tests of the group of COPD patients 

Subject FE VI FE~/FVC FRC 
%pred o % pred. 

1 29 38 153 
2 30 53 81 
3 12 35 146 
4 21 35 233 
5 71 59 183 
6 37 52 245 
7 65 53 175 
8 13 31 245 
9 50 39 154 
10 43 50 190 

Mean 37.1 44.5 180.5 
so 20.3 9.9 51.4 

Table 2. - Physical characteristics of the subjects 

Subject Age Height Weight Weight BM! Body 
yrs cm kg % IBW kg·m·2 fat% 

COPD group 

1 57 173 74.5 109.9 24.9 28.1 
2 64 175 71.2 102.9 23.2 14.9 
3 33 182 47.5 63.7 14.3 8.7 
4 69 172 57.0 85.1 19.3 15.4 
5 66 167 49.3 78.1 17.7 7.4 
6 68 170 55.0 84.1 19.0 10.4 
7 66 172 54.6 81.5 18.5 7.4 
8 31 168 51.0 79.8 18.1 9.1 
9 65 172 71.0 106.0 24.0 20.9 
10 58 170 77.0 117.7 26.6 17.5 

Mean 57.7 172.1 60.8 90.9 20.6 14.0 
so 14.1 4.2 11.3 17.1 3.9 6.8 

Control group 

11 28 181 74.5 100.9 22.7 14.0 
12 22 189 84.0 104.7 23.5 16.0 
13 24 178 61.8 86.6 19.5 14.0 
14 22 179 64.0 88.6 20.0 15.0 
15 29 176 65.2 93.3 21.0 13.0 
16 72 172 63.8 95.2 21.6 19.0 
17 69 168 68.5 107.2 23.5 24.0 
18 75 173 58.5 86.3 19.5 19.0 
19 73 173 70.2 103.5 23.4 24.0 
20 80 172 74.5 1) 1.2 25.2 25.0 

Mean 49.4 176.1 68.5 97.8 22.0 18.3 
so 26.0 6.0 7.6 9.0 2.0 4.6 

IBW: ideal body weight. BMI: body mass index 

(Lange caliper, Cambridge Scientific Industries Inc.·, 
Cambridge, Maryland, U.S.A.) [9, 10). The lean body 
weight (LBW) was calculated by subtracting the fat 
content from body weight. 

Energy expenditure was determined by computerized 
open-circuit indirect calorimetry, as previously described 

RV!fLC DLCO Pao2 Paco2 
% %prcd mmHg mmHg 

63 57 67 32 
55 50 36 53 
69 26 46 50 
81 48 55 39 
59 63 78 33 
69 58 63 33 
58 80 52 51 
81 52 62 37 
54 44 57 38 
63 62 70 44 

65.2 54.0 58.6 41.0 
9.8 14.1 12.2 8.0 

[11]. A transparent plastic ventilated hood was placed 
over the subject's head and made airtight around the 
neck. To avoid air loss, a negative pressure was main
tained in the hood. Ventilation was measured by a 
pneumotachograph (Hewlett-Packard 47303 A, USA). A 
sample o r the air nowing in and out of the hood was 
continuously collected for analysis. The oxygen content 
was measured by a paramagnetic analyser (Magnos 4G, 
Hartmann & Braun, Frankfurt, FRG) and carbon 
dioxide content by an infrared analyser (Uras 3G, 
Hartmann & Braun, Frankfurt, FRG) whose accuracy 
was tested with calibration gases before each measure
ment. The system was characterized by a short response 
time (90% or the response after 3 min). The stabi lity 
of the overall system was tested over periods of 4- 5 
hours and showed less than 1% variability. TI1e oxy
gen consumption, the carbon dioxide production, and 
the respiratory quotient (RQ) were calculated. Taking 
into account Haldane's correction and the caloric 
equivalent of oxygen as determined by the RQ, the 
energy expenditure was calculated. 

In a ll subjects, calorimctry was performed at 8 am 
after an overnight fast. fn patients, oral theophylline was 
discontinued for 36 hours and inha led adrenergics for 
12 hours before the measurements. The subjects were 
lying supine with the head e levated at 30 degrees and 
placed in the hood. They were asked to remain 
completely quiet and they did not watch television or 
listen to radio. The experimenters ensured that the sub
jects did nOL move or sleep. After initiating L11e meas
urements, Lime was allowed for energy expenditure to 
stabilize. Resting energy expenditure (REE) was then 
determined over a 20 minute period of steady state. 

The REE of COPD patients was analysed in two 
ways. First, it was expressed in kcal·min·1 and com
pared to predicted basal metabolic rate by a paired t
test [12]. Second, the REE was expressed in kcal per 
24 h per kg of lean body weight and was compared to 
L11at of the control group by an unpaired Hest. 

After completion of the study, it was decided to per
form thyroid tests in the COPD patients to rule out the 
possibility of hyperthyroidism in this group of subjects. 
By that time, one subject had died. Total T3 and T4, 
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T3 uptake, and TSH were measured in the remaining 
nine patients. 

The movements of the rib cage and abdomen were 
measured in the COPD patients by respiratory induc
tance plethysmography (Respitrace, Ardsley, NY, USA) 
while the subjects were lying supine. The signals of rib 
cage (RC) and abdomen (AB) were displayed on an 
oscilloscope as the Konno-Mead diagram [13] and re
corded along with their summation (SUM) on a paper 
recorder (Hewlett-Packard 7758A, USA). The 
inductance plethysmograph was calibrated according to 
the isovolume method [13]. The respiratory movements 
were analysed breath by breath during a five minute 
period and expressed with three indices [14-16]: 
1. Rib cage contribution to tidal volume ratio (RCNT): 
This was computed by taking the extent of RC excur
sion between the points of minimal and maximal 
deflection of the SUM (VT) signal, dividing by the 
SUM (VT), and multiplying by 100. 
2. Variability of compartrnental contribution (so RC/ 
VT): The breath by breath variation in the relative con
tribution of RC and AB to tidal volume was determined 
by calculating the standard deviation of the RCNT 
ratio. 

Table 3. - Resting energy expenditure 

Subject measured predicted meas/pred measured 
kal·miJr1 kcal·mm·• % kcal·24h'1·kgLBW·1 

COPD group 

1 1.10 1.10 100.0 29.54 
2 1.52 1.07 142.1 36.24 
3 1.10 0.99 111.1 36.41 
4 1.16 0.95 122.1 33.90 
5 1.23 0.88 139.8 42.26 
6 1.03 0.93 110.8 30.10 
7 1.05 0.94 111.7 29.91 
8 0.94 0.97 96.9 29.20 
9 1.23 1.05 117.1 31.54 

10 1.27 1.10 115.5 28.79 

Mean 1.163 0.998 116.7 32.79 
so 0.162 0.077 14.8 4.38 

Control group 

11 1.19 1.21 98.3 26.78 
12 1.28 1.34 95.5 25.96 
13 0.97 1.12 86.6 25.87 
14 1.04 1.15 90.4 27.73 
15 0.95 1.12 84.8 24.00 
16 0.86 0.98 87.8 23.82 
17 0.99 1.01 98.0 27.95 
18 0.95 0 .94 101.1 29.11 
19 0.97 1.03 94.2 25.87 
20 1.02 1.03 99.0 26.23 

Mean 1.022 1.093 93.6 26.33 
so 0.124 0.120 5.8 1.66 

} Maximal compartmental amplitude to tidal volume 
ratio (MCA/VT): The maximal compartmental ampli
tude (MCA) is the sum of the absolute values of the 
RC and AB excursions, irrespective of their timing to 
the SUM (VT) signal. When the trough to peak ampli
tudes of the RC and AB signals arc in phase, the ratio 
MCA/VT is equivalent to unity. When the trough to 
peak amplitude of the RC and AB signals are out of 
phase with each other, the ratio exceeds unity. 
All reported values are mean±so. 

Results 

Nutritional assessment 

The two groups of subjects were not significantly dif
ferent for age, height, weight, percent of ideal body 
weight, body mass index and body fat content (table 2). 
However, the COPD patients tended to be leaner, with 
six of them weighing less than 90% of ideal body 
weight 

45 kcal·24h'' ·kgLBW'1 
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Fig. 1. - Individual values of resting energy expenditure in COPD 
palienls and in nonnal subjeciS. 

Energy expenditure 

The REE of COPD patients was 1.163±0.162 
kcal·min·•, corresponding to 116.7% of predicted basal 
metabolic rate (p<O.Ol). Expressed per mass of lean 
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body weight (LBW), the REE was 32.8±4.4 
kcal·24h'1·kgLBW·' in COPD patients and 26.3±1.7 
kcal·24h·'·kgLBW·' in nonnal subjects (fig 1, table 3). 
The REE of COPD patients was therefore 125% of 
REE of the normal subjects (p<0.001). 

Thyroid function 

Total T3 and T4, T3 uptake, and TSH were nonnal in 
the nine COPD patients. 

Rib cage-abdominal motion (COPD patients) 

On average, the rib cage contributed 54.4% to Vr, 
however with wide individual differences, ranging from 
19.5% to 70.7%. The standard deviation of RC/Vr, 
expressing the variability of compartmental contribution, 
ranged from 5.9% to 19.7%. The MCA/Vr was between 
1.00 and 1.06 in nine subjects, and was 1.67 in one. 
No correlation was found between the individual 
values of REE and any of the indices of rib cage
abdominal motion (figs 2, 3, and 4). 
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Fig. 2. -Relationship between the resting energy cxpend.iture (REE) 
expressed in percent of predicted basal metabolic rate (BMR) and 
the rib cage contribution to tidal volume ratio (RCNr) in COPD 
patients. 

REE (% proo BMR) 

150 

140 

130 

120 • 

110 •• 

100 

r : 006 
n = 10 

90+---~----.----r--~----,---~--~ 
1.2 14 16 

MCA/Vr 

Fig. 3. - Relationship between the resting energy expenditure (REE) 
expressed in pcrront of predicted basal metabolic rate (BMR) and 
the variubility of rib cage contribution to tidal volume (so RCNr) 
in COPD patients. 
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Fig. 4. - Relationship between the resting energy expenditure (REE) 
expressed in percent of predicted basal metabolic rate (BMR) and 
the maximal compartmental amplitude to tidal volume ratio (MCA/ 
Vr ) in COPD patients. 

Discussion 

In the past, an increase in energy expenditure was in
directly suggested in COPD patients by two types of 
experiment. 

First, the oxygen cost of breathing during hyperpnoea 
has been repeatedly found increased in COPD patients 
relatively to nonnal subjects [17-22]. The method 
consists of measuring oxygen consumption at rest and 
at different levels of hyperpnoea. The oxygen cost of 
breathing is given by the slope of the relationship be-
tween oxygen consumption and ventilation. This method 
presents several problems and limitations. The oxygen 
cost of breathing is calculated for hyperpnoea and can 
only be evaluated by extrapolation for resting breath
ing. Moreover. the accuracy of U1e me thod is affected 
by Several factors. Hyperpnoea cannot be sustained for 
a long period, so that measurements are of short dura
lion. With the open-circuit me thod, the inspired-expired 
oxygen difference falls to very low values during hy
perpnoea, so that analytical errors produce large errors 
in oxygen consumption. With the closed-circuit method, 
the oxygen consumptiory is given by the slope of the 
spirometric trace which can easily be affected by fluc
tuations in FRC (23]. 

Second, increased levels of oxygen consumption have 
also been reported at rest in COPD patients [2, 4, 24]. 
However, these results were obtained by short-term 
measurements of oxygen consumption using a mouth
piece. The use of a mouthpiece is likely to affect the 
measurements of REE for two reasons. Resting minute 
ventilation has been shown to increase when subjects 
breathe through a mouthpiece [5, 6]. Moreover, the dis
comfort of the mouthpiece prevents prolonged measure
ments, so that a true basal steady state is less certainly 
attained. 

In order to minimize artefactual increments in REE, 
we used a ventilated hood and thereby avoided the use 
of any facial apparatus. The conditions of our study 
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were very close to those required for measuring basal 
metabolic rate (BMR). We use the term resting energy 
expenditure (REE) because the subjects were not stud
ied shortly after awakening in their bed. However, the 
conditions allow comparison of the results with pre
dicted values of BMR [12). 

Under these experimental conditions, we found that 
REE was significantly increased to 117% of predicted 
BMR in this group of COPD patients in stable clinical 
state. This result is strikingly close to that reported in 
another 10 COPD patients by GoLDsTEIN et al. while our 
study was under way [25]. These authors used similar 
methods to ours and found that REE was 116% of 
predicted BMR in their group of patients. 

We were concerned that referring the REE of this 
group of COPD patients to predicted BMR might not 
be appropriate. Indeed, the predicted values of BMR are 
based on normal subjects, whereas the nutritional status 
of several of our patients was below normal. Conse
quently, their body composition might have been al
tered, with a relatively increased lean body mass. Since 
energy expenditure is closely related to lean body 
weight, it could possibly be expected to find a slight 
increase of REE in these subjects relative to subjects 
of normal body composition. Therefore, the REE was 
expressed in kcal per 24 h per kg of LBW and was 
compared between COPD patients and normal subjects. 
Our results confirm that the REE of COPD patients is 
significantly increased, by 25%, relatively to normal 
subjects. 

Among the possible causes of increased REE in 
COPD patients, the most likely appears to be an extra 
energy expenditure of the respiratory muscles [7]. In 
COPD, they not only face a higher load, but also work 
in unfavourable mechanical conditions because of 
hyperinflation. Their resting length being shorter than 
optimal, they need a greater activation to produce a 
given tension. In severe hyperinflation, the diaphragm 
is flattened and develops only little transdiaphragmatic 
pressure despite high muscular tension. To compensate 
for this reduced diaphragmatic efficacy, the inspiratory 
rib cage muscles are recrui ted and are responsible for 
some degree of chest wall distortion, which further in
creases the respiratory load. 

There is at present no reliable indicator of energy 
expenditure of respiratory muscles. The o/Ork of breath
ing, as estimated from pleural pressure swing and tidal 
volume [26], is poorly correlated with the oxygen con
sumption of respiratory muscles in the presence of an 
increased load [27}. The reason is that it does not ac
count for isometric contraction, velocity of shortening, 
duration of contraction, distortion of the rib cage, or 
work exerted on the abdomen [27]. Even when the lat
ter factor is taken into account by estimating the work 
of breathing from separate rib cage and abdominal vol
ume-pressure tracings [28], the correlation with oxygen 
consumption of respiratory muscles is weak (27]. In 
normal subjects, the diaphragm pressure-time index 
(TTdi = Pdi/Pdi,na,." T/TT0T) appears as a better indi
cator (27). However, it has not been tested in COPD 
patients who recruit their inspiratory rib cage muscles 

markedly and, to a certain degree, their expiratory 
muscles as well. 

In recent years, several indices have been developed 
to quantify the movements of the rib cage and abdo
men and their degree of asynchrony or paradox [14-16]. 
The rib cage contribution to tidal volume ratio (RCNT) 
is a reflection of the loss of diaphragm efficacy and of 
the degree of recruitment of inspiratory rib cage 
muscles. The standard deviation of this index (so RC/ 
VT) reflects the variability of compartmental contribu
tion, rib cage and abdomen, to tidal volume and 
increases with "respiratory altemans". Finally, the maxi
mal compartmental amplitude to tidal volume ratio 
(MCANT) is a global index of asynchrony and para
dox between the rib cage and abdomen. 

These indices reflect the incoordination of breathing 
movements and indirectly the load faced by the respi
ratory muscles, as well as their operating conditions. 
For instance, the indices so RCNT and MCANT have 
been shown higher in unsuccessful than in successful 
weaning trials from mechanical ventilation [16]. Al
though they do not provide an estimation of the actual 
work of breathing, we hypothesized that they might 
show a correlation with the REE. The individual val
ues of rib cage contribution (RCNT) and variability in 
compartmental contribution (so RCNT) covered a wide 
span but showed no correlation with those of REE. 
Furthermore, REE was increased despite little asyn
chrony and paradox (MCANT) in the majority of sub
jects. This lack of correlation may be interpreted in 
different ways. It is possible that these indices, although 
expressing the mechanical action of the respiratory 
muscles on the chest wall, do not reflect reliably the 
degree of tension developed in the different muscles. 
Furthermore, these indices do not account for the pos
sible contraction of non respiratory muscles. Finally, it 
could be envisaged that part of the increased REE of 
COPD patients might originate from metabolic proc
esses unrelated to respiratory muscle function. 
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Depense energetique et asynchtonisme thoraco-abdominal 
dans la bronchopneumopathie chronique obstruclive. 
J.W. Fitting, Ph. Frascarolo, E. Jequier Ph. Leuenberger. 
REsUME: La depense energetique de repos a ctc mesuree par 
calorimetric indirecte chez 10 patients atteints de broncho
pneumopathie chronique obstructive (BPCO) en etat clinique 
stable et chez 10 sujets normaux. Afm d'eviter des artefacts 
de mesure, la dcpense energetique a ete obtenue par des 
mcsures prolongees en etat stable au moyen d'un boitier ven
tile, sans appareil faciaL La depcnsc energctique de repos de.~ 
patients aueints de BPCO a cte trouvcc signilicat.ivement 
augmenlec a 117% du" metabolismc basal predit et 8 125% 
des valcurs du groupe cont:rOle. Lcs mouvements du remparl 
costal et de !'abdomen des patic.nts ancints de BPCO ont eui 
mesures par plethysmographic a inductance et exprimes au 
moyen de trois indices: la contribution du rempart costal au 
volume courant (RC/VT), la variabilitc de contribution des 
compartiments au volume courant (so RCNT), et !'amplitude 
maximale des compartiments (MCANT). Aucune correlation 
n. a ete trouvee entre la depense energetique de repos et les 
indices de mouvemcnts respiratoires. Nous concluons que la 
depense energetique de repos est augmentee chez les patients 
atteints de BPCO en etat clinique stable, mais qu'elle n'est 
pas correlee avec le degre d'anomalie des mouvements du 
rempart costal et de !' abdomen. 
Eur Respir J, 1989, 2, 840-845 


