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Among the overall pattern of functional impairment
in patients with chronic obstructive pulmonary disease
(COPD), limitation of peak exercise capacity is an ess-
ential feature, which can be accurately determined by
incremental cycle ergometry [1]. The impaired exercise
capacity in COPD patients has long been ascribed to an
impaired ventilatory capacity due to disturbed pulmonary
mechanics, respiratory muscle dysfunctioning, impaired
gas exchange and cardiovascular dysfunctioning. Recent
publications have drawn attention to peripheral muscle
weakness and an altered muscle energy metabolism as
contributing factors to impaired exercise capacity [2, 3].
Muscle strength and metabolism are closely related to
body composition [4]. It could be hypothesized that the
association between peripheral muscle weakness and al-
terations in muscle metabolism with exercise impairment
is partly related to depletion of muscle mass.

Muscle mass is the largest constituent of the body cell
mass (BCM), the energy-exchanging part of the body. The
BCM and the extracellular fluids and solids of the body
represent the fat-free mass (FFM). Direct measurement of

muscle mass, for instance by magnetic resonance imaging,
requires expensive, sophisticated instrumentation, that is
not readily accessible [5]. Dilution methods are the next
most accurate methods in the hierarchy of body composi-
tion methods [5] that can be applied to estimate muscle
mass, by the assessment of FFM. The additional value of
measurement of FFM instead of body weight in the func-
tional characterization of patients with COPD was dem-
onstrated in an earlier study which showed that FFM
correlated stronger with the 12 min walking distance than
body weight [6]. In addition, in this previous study it was
found that normal weight patients with a selective loss of
FFM expressed a lower walking distance than under-
weight patients with a relative preservation of FFM [6].

In a recent study it was shown, however, that measure-
ment of FFM may mask the loss of BCM in some COPD
patients [7]. From this study it was hypothesized that sub-
tle changes in the BCM can be estimated by the extracel-
lular water (ECW)/intracellular water (ICW) ratio, and it
was found that an increased ECW/ICW ratio may occur
particularly in patients with severe FFM depletion [7].
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ABSTRACT: In several studies a correlation between body weight and peak exercise
capacity has been found in patients with chronic obstructive pulmonary disease
(COPD). In the present study a thorough analysis of the relationship between body
composition and peak exercise performance was executed in 62 patients with clini-
cally stable COPD. This was based on the hypothesis that particularly muscle mass,
as the largest constituent of both fat-free mass (FFM) and body cell mass, is related to
exercise capacity.

Body composition was assessed using deuterium and bromide dilution techniques,
to measure total body water (TBW) and extracellular water. From these measure-
ments FFM:TBW/0.73, the ratio of ECW/intracellular water (ICW) and ICW-index
(ICW/height2) were calculated. Peak exercise performance was measured using an
incremental cycle ergometry test.

The transfer factor of the lung for carbon monoxide (TL,CO) intrathoracic gas vol-
ume (ITGV), maximal expiratory and inspiratory mouth pressure, forced expiratory
volume in one second (FEV1), FFM-index (FFM/height2), body mass index (weight/
height2) and ICW-index correlated strongly (p<0.01) to peak oxygen consumption
(V 'O2). The ratio ECW/ICW correlated only weakly, but significantly, with peak V 'O2
(r=-0.25, p<0.05). Stepwise regression analysis demonstrated that FFM-index and
TL,CO explained 53% of the variation in peak V 'O2. The results of this study further-
more indicate that severe FFM depletion is related to a blunted tidal volume response
to peak exercise, a decreased peak oxygen pulse and an early anaerobic metabolism
in patients with COPD.

Depletion of muscle mass, measurable by assessment of fat-free mass, significantly
effects peak oxygen consumption, ventilatory response, the oxygen pulse and anaero-
bic energy metabolism in patients with chronic obstructive pulmonary disease.
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Earlier studies have shown a significant relationship
between body weight and maximal exercise capacity in
patients with COPD [8–10]. The primary aim of the pre-
sent study was to investigate the relationship between tis-
sue depletion and peak exercise capacity in COPD, thus,
to study whether measurements of FFM or BCM, the latt-
er estimated by ICW, are better predictors of peak exercise
capacity than body weight. In addition, the relationship
between the ECW/ICW ratio and peak exercise capacity
was analysed in order to study the additional effect of
a specific, subtle, depletion of ICW (BCM), in case this
could not be identified from the difference in correlation
between ICW or FFM with peak exercise capacity. The
secondary aim of the present study was to analyse the
influence of tissue depletion on the ventilatory, cardiac
and lactate response to peak exercise in patients with
COPD.

Materials and methods

Patients

Sixty two patients (44 male, 18 female) with moderate
to severe COPD (defined by the American Thoracic Soci-
ety [11]) were studied (table 1). They were admitted to a
pulmonary rehabilitation centre in a stable clinical condi-
tion. Patients exhibiting an increase in forced expiratory
volume in one second (FEV1) greater than 10% of base-
line after inhalation of β2-agonists were excluded. None of
the patients suffered from a respiratory tract infection or
demonstrated clinically visible signs of oedema at the time

of the study. The patients did not require supplemental
oxygen (resting arterial oxygen tension (Pa,O2) >7.3 kPa),
and had no known cardiovascular, neurological, endocrine
or locomotor diseases. The patients were fully informed of
the nature and purpose of the study and gave informed
consent. The study was approved by the Ethics Committee
of Maastricht University. Procedures followed, were in
accordance with the Helsinki declaration of 1977, revised
in 1983.

Pulmonary function tests

Flow volume measurements included FEV1, forced
vital capacity (FVC) and inspiratory vital capacity (IVC).
The highest value of at least three measurements was  used.
Total lung capacity (TLC), intrathoracic gas volume (ITGV)
and airways resistance (Raw) were measured by a body-
plethysmograph (Masterlab, Jaeger, Wurzburg, Germany).
The values were expressed as a percentage of a reference
value [12]. The transfer factor of the lungs for carbon mon-
oxide ((TL,CO) and adjusted for alveolar volume: the car-
bon monoxide transfer coefficient (KCO)) was measured by
a single breath method, and expressed as a percentage of
the reference value [12]. Inspiratory and expiratory muscle
strength was assessed by maximal inspiratory and expira-
tory mouth pressures (PI,max and PE,max respectively)
according to the method described by BLACK and HYATT [13].
PI,max measurements result in a negative pressure,  but in
the present study they were expressed and analysed as pos-
itive values. Blood was drawn from the brachial artery at
rest while breathing room air.  Pa,O2 was analysed on a
blood gas analyser (Radiometer, ABL 330 Copenhagen,
Denmark).

Body composition

Body height was determined to the nearest 0.5 cm
(Lameris, WM 715, Breukelen, The Netherlands) with sub-
jects standing barefoot. Body weight was measured with a
beam scale to the nearest 0.1 kg (SECA, Germany) with
subjects barefoot and in light clothing. To adjust body
weight for body height, the body mass index (BMI) was
calculated as weight/height2.

To measure total body water (TBW) each patient re-
ceived a weighted 1 g·L-1 estimated TBW [14] oral dose of
deuterium labelled water (D2O: 99.84 atom percentage
excess) mixed into approximately 50 mL water. For the
estimation of ECW, 60 mg bromide (Br-)·L estimated
TBW-1, as sodium bromide (NaBr) was added to the deu-
terium dose. Patients received this "cocktail" late in the
evening around 22:00 h. Just before and approximately 10
h later, a venous blood sample and a urine sample were
obtained [15, 16]. Patients were not allowed to eat or drink
during equilibration.

Urine was analysed for deuterium with an isotope ratio
mass spectrometer, according to the standard Maastricht
protocol [15]. Deuterium dilution space was calculated
from the quantity of administered D2O and the urine D2O
concentrations following complete distribution. TBW was
calculated from these values by applying a conversion fac-
tor of 1.04. This correction accounts for the exchange of
labile hydrogen which occurs in humans during the equi-
librium period [17]. FFM was calculated assuming a

Table 1.  –  Characteristics of the study groups, according
to gender

Total group
(n=62)

Males
(n=44)

Females
(n=18)

Age  yrs
FEV1 % pred
FVC % pred
IVC % pred
TL,CO  % pred
KCO % pred
TLC % pred
ITGV % pred
RV % pred
Pa,O2 kPa
PI,max cmH2O
PE,max cmH2O
BMI kg·m-2

FFM index kg·m-2

FM % weight
ECW/TBW %

63±9
39±13
87±16
85±16
59±21
69±26

122±17
165±36
189±51
9.9±1.1
74±21
84±22

23.2±4.1
16.1±1.9
29.2±9.3

44±5

65±7
37±13
84±16
82±16
57±22
68±28

121±18
165±39
189±52
9.9±1.0
78±20
87±21

23.3±3.9
16.6±1.7
27.5±8.9

44±5

58±10*
45±13*
93±14
93±13**
64±17
72±20

124±13
163±27
190±51
9.8±1.3
65±20*

78.2±23
22.9±4.5
14.9±1.8***
33.5±9.3*

45±4

Values are presented as mean±S D . FEV1: forced expiratory vol-
ume in one second; FVC: forced vital capacity; IVC: inspiratory
viral capacity; TL,CO: transfer factor of the lung for carbon mon-
oxide; KCO: TL,CO divided by the alveolar space; TLC: total
lung capacity; ITGV: intrathoracic gas volume; RV: residual
volume; Pa,O2: arterial oxygen pressure; PI,max: maximal inspir-
atory mouth pressure; PE,max: maximal expiratory mouth pres-
sure; BMI: body mass index; FFM: fat-free mass index; FM: fat
mass; ECW: extracellular water; TBW: total body water. *:
p<0.05; **: p<0.01, ***: p<0.001 for differences between males
and females.
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hydration factor of 0.73. Analogous to the BMI, FFM was
adjusted for body height by calculating the FFM index
(FFM/height2).

Bromide concentration in serum ultrafiltrate was deter-
mined using high performance liquid chromatography
(HPLC) (Spectroflow 783: ABI analytical kratos division,
Rotterdam, The Netherlands), according to the anion-
exchange chromatographic method [16, 18]. ECW was
estimated by the corrected bromide space (CBS) and cal-
culated according the following formula [16, 18]:

                                       Brdose mmol
    ECW (CBS) L =                                     ×0.90×0.95
                                  (Brf - Brb) mmol·L-1

where Brdose is the exact dosage the patients received, Brf
is the final bromide concentration in the serum ultrafiltrate
(after 10 h of equilibrium), Brb is the background bromide
concentration from the initial blood sample. The correc-
tion factor for the Br in the nonextracellular sites is 0.90,
and the correction factor for the Donnan equilibrium is
0.95.

ICW was the difference between TBW and ECW, and
the ICW index was calculated to adjust for body height
(ICW/height2).

Exercise testing

The incremental cycle ergometry test (CET) was per-
formed on an electromagnetic braked ergometer (Corival
400, Lode, Groningen, The Netherlands). After a 2 min
baseline resting period and a 1 min unloaded cycling,
power was increased every minute by 10 W. The load cy-
cled was unknown to the patients, and they were encour-
aged to cycle for as long as possible.

During the initial resting period and throughout the CET
metabolic and ventilatory parameters (Oxyconbeta; Jaeger
b.v., Bunnik, The Netherlands) were measured breath by
breath, using a breathing mask. Cardiac frequency (f C)
was measured with a sport-tester (PE3000; Polar Electro
cy, Kempele, Finland), and an infra-red electrode was
placed on the finger to measure oxygen saturation (Fast-
trac, Sensor Medics Co, Anaheim, CA, USA). The equip-
ment was calibrated prior to the test.

Two minutes after the peak load was reached, a venous
blood sample was obtained and stored at ±4°C. The blood
was centrifuged within 2 h and lactate concentration in
plasma was determined using an enzymatic method [19]
by an automated system (Cobas Mira; Roche, Bazel, Swit-
zerland).

In the analysis, peak oxygen consumption (V 'O2) rather
than peak load was used as a measure of exercise capacity,
because peak V 'O2 is related to the actual ability to diffuse
oxygen and to the amount of metabolic active tissue mass.
Moreover, peak V 'O2 is more reproducible than peak load
[1].

Data analysis

The characteristics of the patients are given as mean±
SD. Differences between groups were calculated with an
unpaired student t-test. Stepwise regression analysis was

performed to define variables which determined exercise
capacity. Analysis of covariance was used when appro-
priate. Values were considered statistically significant at
0.05.

In order to test whether patients with a different body
composition had a significantly different peak exercise
response, the patients were divided into groups of patients
with a specific degree of FFM depletion. The cut-off point
was determined on the basis of our earlier definition of
FFM depletion using FFM adjusted for ideal body weight
[20] (female: FFM ð63% of ideal body weight, male:
FFM ð67% of ideal body weight). To avoid the use of
wrist circumference (as a rather abitrary measure of frame
size) and reference tables, we adjusted FFM for body
height (FFM index), as suggested by VANITALLIE et al. [21].
Subsequently, the FFM index which corresponded to the
earlier defined value for FFM/ideal body weight, by
means of linear regression analysis, was used in the
present study. FFM depletion was thus defined as follows:
female: FFM index ð15 kg·m-2, male: FFM index ð16
kg·m-2.

Results

As shown in table 1, the patients in this study suffered
from moderate to severe airflow obstruction (FEV1: 39±
13 % pred), most patients were characterized by chronic
hyperinflation at rest (ITGV: 165±36 % pred) and had an
impaired transfer factor (TL,CO: 59±21 % pred). Females
were significantly younger than males, which could ex-
plain why the lung function (IVC and FEV1) in the female
group was superior, although respiratory muscle strength
(PI,max and PE,max) was inferior.

Peak-load cycled was 56±23 W, and peak V 'O2 was
906±256 mL·min-1 which corresponds to 43±20 % pred
(peak load) and 56±16 % pred (peak V 'O2) [22]. Mean peak
V 'E was 37±10 L·min-1, or 96±23 % pred [23], indicating
that during the exercise test most patients reached their
predicted peak minute ventilation (V 'E) (=37.5 × FEV1)
[23].

The body composition of this group varied widely; BMI
ranged 15.3–34.4 kg·m-2. As expected, females had a sig-
nificantly higher fat mass (FM) than males, and a signi-
ficantly lower FFM index. TBW relative to body weight
was close to normal both in males (53±6 % weight)
and females (49±7 % weight) [24]. Compared to data in a
healthy young population, obtained by the same methods
as in the present study [25], ECW/weight was also normal
(23±3 % weight) in the patients of the present study, which
together with a normal TBW as percentage of weight
implies a normal absolute ECW, but the ECW/TBW ratio
was above the highest ECW/TBW ratio in healthy persons
[25] in a substantial number of the patients (males 21
patients >44%, females: three patients >48%).

Correlation between lung function, body composition and
peak V 'O2

In table 2 the correlation coefficients between peak V 'O2
and lung function under resting conditions, and measure-
ments of body composition are shown. Peak V 'O2 corre-
lated best with TL,CO (% pred: r=0.55, p<0.001) and to a
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lesser degree with KCO (% pred: r=0.49, p<0.001). Subse-
quently ITGV (r=-0.47, p<0.001), residual volume (RV)
(r=-0.45, p<0.01) and PE,max (cmH2O: r=0.46, p<0.001)
all correlated best with peak V 'O2. Finally, PI,max (cmH2O:
r=0.43, p<0.01) and FEV1 (r=0.35, p<0.01) correlated sig-
nificantly with peak V 'O2. There was no significant corre-
lation between Raw and exercise capacity.

With respect to the body composition, peak V 'O2 corre-
lated significantly with the BMI (kg·m-2: r=0.56, p<0.001)
and FFM index (kg·m-2: r=0.57, p<0.001). ICW index
could not improve the correlation with peak V 'O2 (kg·m-2:
r=0.54, p<0.001) compared to the FFM index. The ratio
ECW/ICW correlated weakly but significantly with peak
V 'O2 (r=-0.25, p<0.05). 

Prediction variables for peak V 'O2

All parameters in table 2 which correlated with a
p<0.01 were entered in a step-wise regression model, with
peak V 'O2 as the dependent variable. From the variables
entered in the regression model, FFM index (p<0.001)
was selected first, and accounted for 31% of the variation
of peak V 'O2. After FFM index, TL,CO (p<0.001) was in-
cluded in the model, whereas the FEV1, ITGV, PI,max, PE,
max, BMI and ICW index were excluded. Together FFM
index and TL,CO explained 53% of the variation of peak
V 'O2.                            

The relationships between these variables and peak
V 'O2 are demonstrated in figure 1.

To gain more insight into the influence of a disturbed
body composition on peak exercise performance, the dif-
ference in response to peak exercise between depleted and
nondepleted patients was examined.

Exercise response in patients with or without FFM deple-
tion

There were 26 (10 females, 16 males) patients with a
depletion of FFM and 36 (eight females, 28 males) pat-
ients with no depletion of FFM.

Patients with or without FFM wasting had no signifi-
cantly different FEV1 (depleted: 36±11 % pred, nonde-
pleted: 41±15 % pred) or TL,CO (depleted: 53±16 % pred,
nondepleted: 63±22 % pred), but significantly different
TLC (depleted: 128±14 % pred, nondepleted: 117±17 %
pred, p<0.05).

As shown in table 3, next to the expected significant
differences in body composition and peak V 'O2 between
patients with or without depletion of FFM, there was also
a significant difference between the two groups in peak
V 'E, peak VT, increase in VT, peak oxygen pulse and the
peak lactate/peak load ratio. Peak V 'E and the increase in
VT were still significantly different between the patients
with or without FFM depletion (p<0.05) when a relation-
ship with  FEV1 (% pred) and the increase in VT (p<0.05)
and V 'E (p<0.001) was considered.

The peak oxygen pulse (peak V 'O2/peak f C) was signifi-
cantly different (p<0.01) between the patients with or
without FFM depletion when the contribution of TL,CO (%
pred, p<0.01) to the variation of the oxygen pulse was
taken into account.

The peak lactate/peak load ratio tended to be nonsignif-
icantly different (p=0.06) between the groups of patients
differentiated by FFM depletion, when the contribution of
TL,CO (% pred, p<0.05) was taken into account.

Table 2.  –  Correlation between peak oxygen consump-
tion (V 'O2) and lung function or body composition

Peak V 'O2
mL·min-1

Lung function
FEV1 % pred
FVC  % pred
IVC % pred
TL,CO % pred
ITGV % pred
Pa,O2 kPa
PI,max cmH2O
PE,max cmH2O

Body composition
BMI kg·m-2

FFM index kg·m-2

ICW index L·m-2

ECW/ICW

0.35**
0.10
0.07
0.55***

-0.47***
0.28*
0.43**
0.46***

0.56***
0.57***
0.54***

-0.25*

ICW: intracellular water. *: p<0.05; **: p<0.01, **: p<0.001.
For further definitions see table 1.
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Fig. 1.  –  Peak oxygen consumption (V 'O2) related to the fat-free mass
(FFM) index and the transfer factor of the lung for carbon monoxide
(TL,CO). The correlation coefficient of the relationship between V 'O2 and
a) the FFM index; and b) the TL,CO was 0.57 and 0.55, respectively,
(p<0.001).
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Discussion

This study shows that depletion of FFM significantly
contributes to a disturbed peak exercise capacity in COPD
patients, in addition to diffusing capacity. FFM index cor-
related better with peak exercise capacity than BMI and
ICW index, as demonstrated on stepwise regression ana-
lysis. A weak but significant correlation was found be-
tween ECW/ICW ratio and peak exercise capacity. In
addition, it was demonstrated that depletion of FFM con-
tributes to a blunted VT response to peak exercise. Further-
more, a decreased peak oxygen pulse and an earlier
anaerobic metabolism during peak exercise appear to be
related to FFM depletion in COPD.

A decrease in body weight and FFM in COPD is prima-
rily a consequence of a disturbed energy balance. In a
recent study, we demonstrated an increased total daily
energy expenditure in COPD patients compared to healthy
subjects [26]. Furthermore, in an earlier study we found a
lower energy intake, in absolute terms as well as express-
ed as a percentage of resting energy expenditure (REE), in
weight-losing patients compared to weight-stable pati-
ents [27]. Caloric deprivation generally leads to a selective
atrophy of type II or fast twitch (glycolytic) fibres in mus-
cles [4]. This contributes to the decreased respiratory [28]
and peripheral [29] muscle strength in depleted COPD
patients, which in turn may affect exercise capacity [2]. In
addition, patients with COPD may suffer from a selective
depletion of FFM, despite a normal body weight [20]. The
reason for a selective FFM depletion is not yet clear, but it
probably explains why the FFM index correlated better
with peak V 'O2 than the BMI, as demonstrated on stepwise
regression analysis.

As in our earlier study [7], the present study confirms
that fluid shifts (increased ECW/ICW ratio), can occur in
clinically stable COPD patients. Because the TBW and
ECW as a percentage of the body weight of the patients
with COPD was similar to healthy persons, and the pat-
ients showed no signs of peripheral oedema, it is unlikely
that the patients suffered from an absolute expansion of
ECW. This means that a relative increase of ECW can be
interpreted as a selective depletion of ICW, or BCM. Evi-
dence for a selective decrease in BCM and no absolute
ECW expansion in patients with COPD was found earlier
in a study by TELFER et al. [30]. In that study a slightly
enhanced exchangeable sodium and a pronounced decrea-
sed exchangeable potassium was reported, with a normal
TBW in patients with COPD. It is unclear which mecha-
nisms might contribute to a relative increase in ECW in
patients with COPD. With respect to a possible explana-
tion of a selective decrease in ICW (or cellular shrinkage),
the theories posited by HÄUSSINGER et al. [31] are interesting.
Following this theory, factors such as an inflammatory
state, amino acid starvation and stress conditions lead to
cellular shrinkage which in turn can act as a catabolic sig-
nal. Particularly in depleted patients with COPD, a
chronic inflammatory state has been demonstrated [32],
which might support the proposed mechanisms by HÄUSS-
INGER et al. [31], but underlying causes for a relatively
increased ECW in patients with COPD need further inves-
tigation.

Compared to a healthy young population, 39% of the
patients had a relatively increased ECW. Nevertheless, the
ICW index did not predict the peak V 'O2 better than FFM
index. In addition, the ECW/ICW ratio correlated only
weakly with peak V 'O2. Therefore, the results of this study
suggest that subtle depletion of BCM masked by FFM
measurement is not severe in patients with COPD, since it
does not affect exercise capacity to a great extent. How-
ever, we cannot exclude the possibility that the present
study underestimates the effect of muscle mass depletion
on exercise performance due to the methodology used, i.e.
measurement of BCM by ICW, because it should be
remarked that ECW also represents a part of muscle [5].

The relationship between TL,CO and peak V 'O2 is evi-
dent, since it represents lung parenchymal damage. Be-
sides, it confirms the significant relation between TL,CO
and peak exercise performance found in many other stud-
ies [2, 33–35].

The results of this study are similar to those of our ear-
lier study in which it was shown that FFM was an impor-
tant determinant of the 12 min walking distance in COPD
patients [8]. However, in our previous study we did not
measure the influence of FFM depletion on the metabolic,
cardiac and ventilatory response to exercise. In addition, a
drawback of our previous study was that a walking test
was used. Walking tests are considered less reliable as a
measurement of exercise capacity since they are highly
subject to effects of learning and motivation [36], whereas
in the present study an incremental cycle test was used
which is usually acknowledged as the "gold standard" for
the measurement of aerobic capacity.

The results of the present study also correspond with
earlier studies which showed that a reduced weight is
related to a decreased maximal exercise performance [2,
8–10], but these studies did not involve measurements of
body composition. Only in the study of COTES et al. [33], it

Table 3.  –  Exercise capacity compared between groups
of patients with different body compositions

Depleted
(n=26)

Nondepleted
(n=36)

BMI kg·m-2

FFM index kg·m-2

Peak load % pred
Peak V 'O2 mL·min-1

Peak V 'O2 % pred
Peak V 'O2/FFM
   mL·min-1·kg-1

Peak V 'E L·min-1

Peak V 'E/MVV %
Peak VT L
Peak VT-Rest VT L
Peak f R breaths·min-1

Peak f C beats·min-1

Peak oxygen pulse
   mL·beat-1

Peak lactate/
   peak work load
   mmol·L-1·W-1

Desaturation %

20.5±2.6
14.5±1.0

40±21
755±205
55±13

18.8±4.4

32.4±8.6
94±20

1050±241
324±197
31±7

127±16
6.0±1.6

0.09±0.06

-3.5±3.3

25.1±3.8***
17.3±1.3***

46±18
1015±235***

58±19
20.4±4.5

39.6±9.8**
97±26

1227±257**
512±225**
33±6

130±17
7.7±1.7***

0.06±0.03*

-3.4±3.1

Values are presented as mean±S D . V 'O2: oxygen consumption;
FFM: fat-free mass; V 'E: minute ventilation; MMV: predicted
maximal voluntary ventilation; VT: tidal volume; f R: respiratory
frequency; f C: cardiac frequency;  *,**,***: p<0.05, p<0.01,
p<0.001 versus depleted group. For further definitions see leg-
end to table 1.
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was reported that FFM improved the prediction of peak V
'O2 in COPD patients, together with variables concerning
pulmonary function (airflow and diffusion) and age. How-
ever, the latter study was mainly focused on the accuracy
of predicting exercise capacity by different pulmonary
function variables, and the potential importance of deple-
tion of FFM with respect to exercise capacity was not dis-
cussed.

Analysis of the response to peak exercise between
depleted and nondepleted COPD patients demonstrated a
different ventilatory response to peak exercise between
the groups differentiated by FFM depletion. Although the
patients in both groups achieved a comparable peak V 'E %
pred, the patients with depletion of FFM specifically had
an impaired ability to increase VT, even when the contri-
bution of FEV1 to VT was taken into account. The f R was
not significantly different between the groups differenti-
ated by FFM index. These findings are in agreement with
a recent study of PALANGE et al. [10], who showed that
patients with a lower body weight demonstrate a less effi-
cient breathing pattern (a higher deadspace/VT ratio). In
general, the blunted VT response to peak exercise in
COPD patients could be explained by dynamic hyperin-
flation, but this may be further complicated by the respira-
tory muscle weakness observed in depleted patients with
COPD [28].

Despite comparable exercise-induced desaturation, the
patients with severe depletion of FFM demonstrated a sig-
nificantly lower oxygen pulse than the patients with no
depletion of FFM. In addition, oxygen pulse was still sig-
nificantly different between patients differentiated by
FFM depletion when the influence of TL,CO to the varia-
tion in oxygen pulse was taken into account. It could be
hypothesized that depletion of FFM affects the stroke vol-
ume, i.e. decreases the pump ability of the heart. This
hypothesis is supported by the study of LANDS et al. [37],
who found a decreased stroke volume relative to an
increased f C during exercise in anorectic patients. Further
studies of cardiac output measurement during exercise are
needed to confirm this interpretation of a decreased oxy-
gen pulse in depleted COPD patients.

Finally, it should be noted that peak lactate concentra-
tion per achieved peak work load was significantly higher
in the patients with a depletion of FFM than patients with
no depletion of FFM, which tended to persist when the
influence of TL,CO was taken into account. Evidence for
an earlier anaerobic energy metabolism in the patients
with excessive tissue wasting in the present study is in
agreement with the study of KUTSUZWA et al. [38], who found
an early activation of anaerobic glycolysis in patients with
COPD, and demonstrated a significant correlation bet-
ween indices of this early activation and body weight and
muscle mass in COPD patients. Furthermore, PALANGE et al.
[10] found an earlier onset of metabolic acidosis in
patients with a low body weight.

In conclusion, fat-free mass depletion is an important
determinant of exercise capacity in patients with chronic
obstructive pulmonary disease. The results of the present
study warrant further investigation on the possible role of
fat-free mass  depletion in the recently found interrelation-
ships between peripheral muscle strength, anaerobic mus-
cle metabolism and a blunted tidal volume response and
(peak) exercise capacity in chronic obstructive pulmonary
disease.
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