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ABSTRACT:  Many patients with chronic obstructive pulmonary disease (COPD)
experience problems in those activities of daily living which involve  so-called unsup-
ported arm elevations (AE).  In this study, possible differences in the metabolic and
ventilatory response pattern to three types of arm elevation were compared between
13 COPD patients (forced expiratory volume in one second (FEV1) (mean (SD)) 38
(13) % of predicted) and 13 age-matched healthy subjects.

Each subject consecutively performed three types of arm elevation for 2 min, with
3 min rest periods in between.  Breath-by-breath metabolic and ventilatory para-
meters and heart rate (HR) were registered during a 3 min baseline period and
throughout the measurement period.

Adjusted for significantly greater baseline test results in COPD patients, it was
found that AE (arm elevation including recovery) tended to be more demanding
with respect to metabolic and ventilatory response for patients with COPD than for
the age-matched healthy subjects.  Arm elevation resulted in an increase in oxygen
consumption (V ’’O2) (COPD 12%; healthy 6%), carbon dioxide elimination V ’’CO2

(COPD 15%; healthy 10%), minute ventilation V ’’E (COPD 13%; healthy 7%) and
heart rate (COPD 2%; healthy 5%).  A pronounced difference was found in the
pattern of metabolic and ventilatory response to arm elevation, i.e. there was an
earlier but sluggish V ’’O2 onset in COPD patients, whereas the healthy subjects
demonstrated a sudden peak approximately 30 s after arm elevations.  Mutual com-
parison of the three different types of arm elevation demonstrated a comparable
response pattern.

Knowledge of the specific response to arm elevations in COPD patients seems
essential for interpretation of arm elevation tests in upper extremity rehabilitation
programmes.
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Patients with severe chronic obstructive pulmonary dis-
ease (COPD) often complain of dyspnoea during activ-
ities of daily living, such as combing their hair, brushing
their teeth or shaving [1–3].  These activities mainly in-
volve (unsupported) movements of arm and shoulder
muscles.

Several factors may contribute to impairment of unsup-
ported arm activities in COPD patients, such as a dual
activity of shoulder muscles in breathing as well as move-
ment [4, 5], and peripheral [6] and respiratory [7] skele-
tal muscle weakness.

In order to examine the possible limitations of (unsup-
ported) arm activities in patients with COPD, other inves-
tigators have studied the metabolic and ventilatory
requirements of simple arm elevation.  In all studies, arm
elevation resulted in a significant increase in metabolic
and ventilatory requirements [3, 4, 5, 8].  Possible dif-
ferences in metabolic and ventilatory response pattern
following arm elevation between COPD patients and

healthy persons, however, have not yet been specified.
Furthermore, it may be hypothesized that the response
pattern depends on the type of arm elevation due to dif-
ferent muscle recruitment.

In this study, the metabolic and ventilatory require-
ments of three basic arm elevations were compared
between COPD patients and healthy age-matched con-
trol subjects.

Material and methods

Study population

Thirteen male patients with severe COPD participat-
ing in an in-patient pulmonary rehabilitation program-
me were studied (characteristics are given in table 1).
The diagnosis of COPD was made by history, physical



examination, and pulmonary function tests according to
the criteria of the American Thoracic Society [9].  All
patients had severe airflow obstruction (forced expira-
tory volume in one second (FEV1) <50% of predicted
values) [9].  The patients were in a stable clinical con-
dition.

Thirteen age-matched, healthy, male control subjects
were recruited (table 1), and were tested under the same
conditions.

Physiologic and metabolic profile

FEV1 and forced vital capacity (FVC) were measured
(Masterlab®, Jaeger, Wurzburg, Germany).  The high-
est value of at least three spirometric manoeuvres was
used and expressed as percentage of the reference value
[11].  Inspiratory muscle strength was measured in patients
and controls by determining maximal inspiratory mouth
pressures (P I,max) according to the technique described
by BLACK and HYATT [12].

Resting energy expenditure (REE) was measured by
indirect calorimetry using a ventilated hood system
(Oxyconbeta®, Mijnhardt, Bunnik, The Netherlands).
Measurements were performed in the early morning
(between 8.00 and 9.30 a.m.) in the fasting state [10].

Fat-free mass (FFM) was assessed by bioelectrical
resistance measurements (BIA 101®, RJL Systems, Detroit,
USA) at the right side while patients were in the supine
position, as described by LUKASKI et al. [13].  FFM was
calculated using a patient specific regression equation,
as described by SCHOLS et al. [14].

Arm elevation (AE) testing

Three basic arm elevations, i.e. a static position held for
2 min, were compared (fig. 1): 90 degrees elevation of
extended arms in the frontal plane (AE1); 180 degrees ele-
vation of extended arms in the frontal plane (AE2); and
90 degrees abduction with extended arms (AE3).  The test
procedure was as follows: firstly, the subject sat quietly
on a chair for a 3 min baseline measurement with arms
down on the knees.  This was followed by 2 min of AE1,
AE2, and then AE3 with 3 min rest periods in between,
and 2 min rest after AE3.  During AEs and resting peri-
ods, heart rate was continuously measured with a sport-
tester (PE 3000®, Polar Electro cy, Kempele, Finland).
Oxygen consumption, carbon dioxide production, tidal vol-
ume, and breathing frequency were measured breath-by-
breath with an automated system (Oxyconbeta®, Mijnhardt,
Bunnik, The Netherlands).

E.M. BAARENDS ET AL.1346

Table 1.  –  Physiological and metabolic characteristics
of the groups studied

Variables COPD Control p-value
(n=13) (n=13)

Age  yrs 64±6 65±7 NS

FEV1 % pred 38±13 101±13 ***
FVC  % pred 90±15 113±10 ***
P I,max kPa 7.4±1.4 9.7±2.1 **
Weight  kg 66.8±9.9 81.5±9.8 **
BMI  kg·m-2 21.7±2.9 27.6±5.8 **
FFMI  kg·m-2 16.5±1.7 20.2±3.3 ***
REE-ACT kcal·24 h-1 1614±238 1643±140 NS

ADJ-REE  kcal·24 h-1 1744±243 1529±116 **

Data are presented as mean±SD.  BMI: body mass index;  FFMI:
fat free mass index (fat-free mass divided by height2);  REE-
ACT: actual resting energy expenditure;  ADJ-REE: REE adjust-
ed for FFM [10];  FEV1: forced expiratory volume in one
second;  FVC: forced vital capacity;  P I,max: maximal inspira-
tory mouth pressure;  % pred: percentage of predicted value;
COPD: chronic obstructive pulmonary disease.  *: p<0.05;  **:
p<0.01;  ***: p<0.001;  NS: not significant.

AE1 AE2 AE3

Fig. 1.  –  Types of arm elevation (AE) studied.  AE1: 90 degrees ele-
vation of extended arms in the frontal plane;  AE2: 180 degrees ele-
vation of extended arms in the frontal plane;  AE3: 90 degrees abduction
with extended arms.

Table 2.  –  Percentage increase in metabolic and ventilatory requirements following the three types of arm elevation
(AE)

AE1 AE2 AE3

COPD Control COPD Control COPD Control

V 'O2 12±5* 6±3* 14±6 5±5 14±6 5±5
V 'CO2 15±18** 10±3* 21±22 11±5 21±23 11±6
RQ 3±1** 4±1* 6±1 7±1 7±1 6±2
V 'E 13±6* 7±2* 18±6 7±4 20±7 7±4
VT 4±4 3±4 9±6 2±4 7±5 6±6
f R 8±6 5±3 10±7 5±3 13±6 2±4
HR 2±2* 5±7* 2±2 7±9 1±4 6±6

Data are presented as mean±SD.  V 'O2: oxygen consumption;  V 'CO2: carbon dioxide production;  RQ: respiratory exchange ratio;
V 'E: minute ventilation;  VT: tidal volume;  f R: breathing frequency;  HR: heart rate;  COPD: chronic obstructive pulmonary dis-
ease;  AE1: 90 degrees elevation of extended arms in the frontal plane;  AE2: 180 degrees elevation of extended arms in the frontal
plane;  AE3: 90 degrees abduction with extended arms.  *: p<0.05;  **: p<0.01;  ***: p<0.001 significantly different from base-
line measurement.
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Fig. 2.  –  Changes in V 'O2, V 'CO2 and HR during arm elevation testing in healthy subjects (   ▲ ) and in COPD patients (   ❍ ).  Data are pre-
sented as mean±SEM.  Each black box on the x-axis indicates a 2 min period of elevation.  0–3 min: baseline measurements;  3–8 min: AE1 and
recovery;  8–13 min: AE2 and recovery;  13–17 min: AE3 and recovery.  V 'O2: oxygen consumption;  V 'CO2: carbon dioxide elimination;  COPD:
chronic obstructive pulmonary disease;  AE: arm elevation;  HR: heart rate.  For further abbreviations see legend to figure 1.



Fig. 3.  –  Changes in V 'E, V 'T and f R during arm elevation testing in healthy subjects (   ▲ ) and in COPD patients (   ❍ ).  Data are pre-
sented as mean±SEM.  Each black box on the x-axis indicates a 2 min period.  0–3 min: baseline measurements;  3–8 min: AE1 and recovery;  8–13
min: AE2 and recovery;  13–17 min: AE3 and recovery.  V 'E: minute ventilation;  V 'T: tidal volume;  f R: respiratory frequency.  For further abbre-
viations see legend to figures 1 and 2.
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The following calculations were performed in order
to interpret the test results:  1) the metabolic and ven-
tilatory requirements during each AE and the following
recovery period;  and 2) percentage increase of meta-
bolic and ventilatory parameters for each AE.  To adjust
for differences between healthy subjects and COPD
patients at baseline (i.e. during the first 3 min of test)
the mean baseline test-result was subtracted from the
mean metabolic and ventilatory requirement of each AE.

Data analysis

The characteristics of the two groups are given as
mean±SD, whereas figures show mean±SEM.  Differences
between groups were tested by Mann-Whitney U-test.
Differences within groups were tested by Wilcoxon (for
comparisons of two variables) or Friedman (for com-
parison of more than two variables).  The level of sig-
nificance was determined at 5%.

Results

Baseline characteristics of the study groups

The patients studied suffered from severe airflow
obstruction as shown in table 1.  FFM and body mass
were significantly lower in COPD patients compared to
the healthy subjects.  In COPD patients, REE adjusted
for FFM [10] was significantly elevated and maximal
inspiratory mouth pressure (P I,max) was decreased.

Baseline results (the mean value of the first 3 min of
the test) were significantly higher in COPD patients com-
pared to healthy subjects for oxygen consumption (V 'O2:
COPD 5.8±1.1; healthy 4.4±0.9 mL·min-1·kg FFM;
p<0.01), carbon dioxide elimination (V 'CO2: COPD 5.0±1.0;
healthy 3.7±0.8 mL·min-1·kg FFM; p<0.01),  minute ven-
tilation (V 'E: COPD 14.4±2.5; healthy 10.7±2 L·min-1;
p<0.001), respiratory frequency (f R: COPD 20.1±5.5;
healthy 15.0±3.2 breaths·min-1; p<0.05) and heart rate
(HR: COPD 95.4±13.2; healthy 68.8±26.1 beats·min-1;
p<0.001).

Results of arm elevation testing

As the recovery periods after AE1, (and/or) AE2 and
(or) AE3 showed significantly higher than baseline val-
ues of V 'E , respiratory quotient (RQ), and HR in COPD
patients, and of RQ in healthy subjects, only AE1 (table
2) was used to compare the effect of arm elevation in
patients and controls.  In COPD patients as well as in
healthy subjects, V 'O2, V 'CO2, RQ, HR and V 'E were sig-
nificantly higher than baseline during AE1.

There were no statistically significant differences bet-
ween the groups in the percentage increase of any meta-
bolic or ventilatory parameter.

Figures 2 and 3 show the response patterns during the
time course of arm elevation.  In COPD patients V 'O2,
V'CO2, V'E , tidal volume (VT) and HR gradually increased

and decreased, whereas in the healthy control subjects a
sudden peak was demonstrated (except for HR).  In both
groups, RQ increased after each arm elevation, and did
not return to resting RQ.

Difference between the three types of arm elevation

There were some minor differences between the three
types of arm elevation which were due to an incomplete
recovery between AE1 and AE2 and between AE2 and
AE3.  Although, in absolute terms, these differences
were not large, they did reach statistical significance for
V 'CO2, RQ and V 'E in the COPD patients, and for RQ in
the healthy subjects.  These results were all nearly in
parallel with the differences between recovery periods
and baseline test results.

Discussion

In this study, the metabolic and ventilatory require-
ments of three types of arm elevation were compared
between COPD patients and age-matched, healthy sub-
jects.  Adjusted for significantly greater baseline values
in COPD patients, it was found that AE (arm elevation
including recovery) tended to be more demanding with
respect to metabolic and ventilatory response for patients
with COPD than for the age-matched healthy subjects.
A pronounced difference was found in the pattern of
metabolic and ventilatory response to arm elevation
between the two groups.  Mutual comparison of the three
different types of arm elevation demonstrated a compa-
rable response pattern, although due to an incomplete
recovery (especially in COPD patients) V 'CO2, V 'E and
RQ at AE1 were lower than AE2 and (or) AE3.

It is known in healthy persons arm exercise is rela-
tively more demanding than leg exercise since,  at a given
work output, heart rate, systolic and diastolic pressure,
minute ventilation, oxygen uptake, respiratory exchange
ratio and blood lactate concentration are higher, whilst
stroke volume, anaerobic threshold [15] and mechanical
efficiency [16–l8] are lower.  Furthermore, a dispropor-
tionate increase in the diaphragmatic contribution to the
generation of ventilatory pressures has been observed
during arm elevation by COUSER et al. [5].  Another study
showed increases in electromyographic amplitudes of
trapezius and supraspinatus muscles during arm eleva-
tion, and a rapid decrease in the median frequency,  sug-
gesting that arm elevation is a fatiguing task for the
muscles involved [19].

The arms are needed for many activities of daily liv-
ing, such as lifting, bathing, dressing, combing hair, hang-
ing out the washing, or gardening [20].  TANGRI and
WOOLF [1] found that patients with COPD manifest a
marked dyspnoea after simple arm movements.  Further-
more, CELLI et al. [2] have shown that unsupported arm
exercise (UAE) is more difficult to sustain than leg exer-
cise.  In several studies, UAE and arm elevation result-
ed in alterations in breathing pattern [2, 5, 21].  This was
confirmed in a study by DOLMAGE et al. [4], who found
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that even arm positioning only (arms elevated but sup-
ported by a sling) changed breathing pattern in COPD
patients (decrease in VT, increase in f R).  In addition,
MARTINEZ et al. [8] found that except for an increased
diaphragmatic recruitment, COPD patients probably also
recruite expiratory muscles during arm elevation.

In this study, arm elevation resulted in a significant
increase in V 'O2, V 'CO2, RQ, HR and V 'E compared to
baseline.  This is in accordance with earlier studies [5,
8], although the percentage increases in V 'O2, V 'CO2, V 'E
and HR in these studies were much higher than report-
ed here.  Instead of calculating peak metabolic and ven-
tilatory response in these earlier studies, we calculated
the mean increase of the total period of arm elevation
and recovery.  We chose to calculate the mean increase
because (peak) response to AE was individually differ-
ent within each group, and clearly between the groups.
We could not confirm the data of MARTINEZ et al. [8]
who reported that an increase in V 'E was caused pre-
dominantly by an increase in fR.  In our study, VT and
f R did not significantly increase compared to baseline
values in patients or healthy subjects, suggesting that
both are determining factors of minute ventilation, as
was also reported by DOLMAGE et al. [4].

The pattern of metabolic and ventilatory response to
AE was clearly different between the groups.  The
healthy subjects demonstrated a sudden peak in V 'O2

V 'CO2 and V 'E after AE, but, in contrast to the COPD
patients, the onset of the increase was relatively late.
In AE a later adjustment of V 'O2 would be expected,
since AE represents a relatively low "workload" and
the rate of V 'O2 response is lower to a smaller work-
load than to a great workload [22].  Furthermore, arm
exercise usually shows a sluggish V 'O2 adaptation com-
pared to leg exercise [23] .  The quicker response to
AE in the COPD patients is, therefore, surprising.   Seve-
ral explanations are possible for this earlier but more
sluggish response pattern seen in COPD patients.  Many
studies have shown that, in untrained subjects, the kine-
tics of adjustment of V 'O2 are markedly delayed [24]
and can increase by training [25].

In a study by CERRETELLI et al. [25] it was conclud-
ed that this was due to factors involved in O2 conduc-
tance from the capillary to the muscle (such as an
increased capillary to fibre exchange surface, an increased
myoglobin concentration, and a greater enzymatic oxi-
dative potential associated with mitochondrial chan-
ges), change in fibre type (reducing glycolysis) [26].
COPD patients use accessory breathing muscles almost
constantly to breathe, and this may cause such a train-
ing effect.  In animal studies, malnutrition has shown
a relative increase of type I fibres [27, 28].  Since, in
this study, the COPD patients suffered from tissue de-
pletion compared to the healthy subjects, differences
in fibre composition may have been a contributing fac-
tor to an earlier metabolic adaptation in the patients.
On the other hand, the COPD patients also showed
a slower recovery, which is more difficult to inter-
pret.

Another possible explanation for the different resp-
onse pattern is derived from the fact that pre-existing

moderate work by a given muscle group has been de-
monstrated to accelerate its V 'O2-onset response [29, 30],
especially at lower workloads [24].  Because COPD
patients could use shoulder girdle muscles in breathing
(already at rest) as well as in arm positioning, this could
have enhanced an earlier onset of the metabolic response.

Thirdly, the earlier V 'O2-onset in COPD patients could
be the result of different V'E-kinetics compared to healthy
subjects.  It has been shown in a study by CELLI et al.
[2] that arm exercise leads to dyssynchronous breathing
in COPD patients.  Therefore, problems in co-ordin-
ating breathing could have resulted in an earlier rise in
V 'E and V 'O2 in the COPD patients.

There were differences in baseline metabolism and
ventilation between COPD patients and healthy subjects
prior to the arm elevation testing, despite comparable test
conditions.  In several studies [10, 31, 32], it was found
that COPD patients demonstrate a significantly higher
resting energy expenditure than healthy subjects.  Although
it is clear that a 15–20 min REE-measurement under
strict conditions is not the same as a baseline test mea-
surement (of 3 min), it can be hypothesized that the sig-
nificantly increased baseline test results in the COPD
patients were a reflection of the increased REE.

In addition, the percentage increase during AE1 also
tended to be higher for metabolic variables in patients
with COPD compared to healthy subjects.  It has been
demonstrated in several studies [33, 34] that COPD
patients have a reduced respiratory mechanical efficiency.
This, together with the dual demand of the shoulder gir-
dle muscle in ventilation and postural activities, may
result in an increased metabolism during arm elevation.
A disproportionate increase in V 'E may have been the
result of the dual demand of shoulder girdle muscle (dif-
ficulties in co-ordinating breathing), but may also be
explained by an increased dead space ventilation in the
COPD patients.

In conclusion, when adjusted for the increased base-
line test results in the COPD patients, arm elevation in
COPD patients tended to result in a greater metabolic
and ventilatory response than healthy persons.  This could
be explained by a reduced respiratory mechanical effi-
ciency, a dual activity of shoulder girdle muscle in COPD
and an increased dead space ventilation.  The response
pattern was clearly different between the groups.  The
healthy subjects demonstrated a peak approximately 30 s
after AE.  In the COPD patients, an earlier response of
V 'O2 was observed following arm elevation, which could
be explained by tissue depletion, the dual activity of
shoulder girdle muscle, and a difference in V 'E kinetics
in COPD patients.  Knowledge of the specific response
to AE in COPD patients seems essential for interpreta-
tion of arm elevation tests in upper extremity rehabili-
tation programmes.
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