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ABSTRACT: Repeated bouts of submaximal exercise are an important part of most
pulmonary rehabilitation programmes. Patients with moderate-to-severe cystic fibrosis
(CF) often demonstrate oxygen desaturation during submaximal exercise, which may
limit their ability to participate in these programmes. This study examines whether
arterial desaturation contributes to submaximal exercise limitation by testing whether
supplemental O2 improves submaximal exercise capacity.
Eight patients with CF (mean forced expiratory volume in one second 41% predicted)

each underwent two submaximal exercise tests on a bicycle ergometer at 80% of
maximal workload. The two tests were identical except for the addition of supplemental
O2 (inspiratory O2 fraction 39%) during one of the tests.
Exercise duration was significantly longer in the supplemental O2 study versus

control (673¡63 s versus 835¡99 s). Arterial O2 saturation was also higher in the
supplemental O2 study than the control exercise test (96¡0.3% versus 86¡1.5%). There
was no statistical difference at end exercise between O2 consumption, minute ventilation
and heart rate. There was a significant relationship between improvement in exercise
capacity and the amount of desaturation during the control exercise test.
Results indicate that supplemental oxygen improves submaximal exercise capacity in

patients with moderate-to-severe cystic fibrosis. Oxygen therapy may be an important
intervention to improve participation and maximise the benefits of pulmonary exercise
rehabilitation programmes.
Eur Respir J 2002; 20: 134–142.

Dept of Respiratory Medicine and
National Referral Centre for Adult
Cystic Fibrosis, St Vincent9s University
Hospital, Dublin 4, Ireland.

Correspondence: C.G. Gallagher
Dept of Respiratory Medicine
St Vincent9s University Hospital
Dublin 4
Republic of Ireland
Fax: 353 12094989
E-mail: v.hearn@st-vincent.ie

Keywords: Cystic fibrosis
oxygen
submaximal exercise

Received: April 11 2001
Accepted after revision: February 25
2002

This study was supported by the Health
Research Board and the Cystic Fibrosis
Research Trust. E.F. McKone is sup-
ported by a research fellowship from
the Irish Lung Association.

Pulmonary rehabilitation programmes have become
an important tool in the management of patients with
advanced respiratory disease. Regular exercise is an
important part of these programmes and has been
shown to have significant benefits for respiratory
patients, including improved quality of life and
increased cardiovascular fitness [1–3]. Although the
majority of studies looking at the benefits of pul-
monary rehabilitation have examined the effects on
patients with chronic obstructive lung disease
(COPD), there is evidence that regular exercise has
significant beneficial effects for patients with many
different respiratory disorders.

Patients with cystic fibrosis (CF) often have reduced
maximal exercise performance [4–8], which is asso-
ciated with poor prognosis [9, 10] and impaired
quality of life [11, 12]. In recent years, the role of
regular exercise in the management of patients with
CF has been examined [13, 14]. These studies have
demonstrated that many exercise programmes have
significant benefits for CF patients, including
increased cardiovascular fitness and enhanced quality
of life.

Unfortunately, some patients with CF are unable
to participate in exercise programmes due to severe
exercise limitation. This is particularly true for

sustained high-intensity exercise, which may be
associated with the greatest physiological benefits
[1, 15, 16]. Studies examining factors that may limit
maximal exercise performance in CF patients have
suggested that abnormalities of respiratory function,
including abnormal pulmonary mechanics and gas
exchange, as well as poor nutrition and peripheral
muscle dysfunction, may be contributors [17–20].
Despite the extensive knowledge of factors limiting
maximal exercise performance in patients with CF,
very little attention has been paid to factors that
limit submaximal exercise capacity. As submaximal
exercise is more relevant to daily activities and is
an intricate part of most exercise rehabilitation
programmes, understanding factors that limit sub-
maximal exercise is an important goal in order to
develop therapies that might improve performance.

The present authors hypothesised that submaximal
exercise performance is limited by arterial hypo-
xaemia. This hypothesis was based on the observa-
tion that patients with moderate-to-severe CF often
demonstrate arterial desaturation during exercise. If
arterial desaturation limits submaximal exercise per-
formance, then supplemental oxygen should improve
submaximal exercise capacity. Studies that have
examined the role of supplemental O2 during maximal
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exercise have shown some improvement in exercise
capacity [21], although findings have been conflicting
[18, 22]. Supplemental O2 has also been examined
during submaximal exercise [22–24]. However, it has
only been used to prevent O2 desaturation and it is not
known whether supplemental O2 improves submax-
imal exercise capacity. An improvement in submax-
imal exercise capacity would be clinically important as
it could be applied to patients with CF who otherwise
may not be considered suitable for exercise rehabilita-
tion programmes because of severe exercise limitation.
To test this, the effects of supplemental O2 on
submaximal exercise capacity in a CF patient popula-
tion were examined.

Methods

Patients selection

Subjects (seven males and one female) were
recruited from outpatients of the National Adult
Cystic Fibrosis Unit, St Vincent9s University Hospi-
tal, Dublin, Ireland. All subjects had clinical, radi-
ological and physiological evidence of CF lung disease
and had been diagnosed as having CF based on
clinical features, abnormal sweat test (sweat sodium/
chloridew60 mmol?L-1) and genotyping. All subjects
were assessed by a physician prior to inclusion and
were clinically stable. Patients had no evidence of
rheumatological, neuromuscular, cardiac, peripheral
vascular, or any disease apart from CF that might
impair exercise tolerance.

Pulmonary function testing was carried out on each
patient before and after exercise testing. Forced
expiratory volume in one second (FEV1) and forced
vital capacity (FVC) were measured using recom-
mended techniques, and predicted normal values [25]
were used to calculate percentage predicted values.

The study was approved by the Ethics Committee
of St Vincent9s University Hospital. All subjects gave
informed consent to the procedures.

Exercise protocol

Before each exercise study, FEV1 and FVC were
measured with a spirometer (Pneumocheck-Welch
Allyn, Skaneateles Falls, NY, USA). At least three
well-coordinated maximal efforts were obtained and
the highest value obtained for each variable was
recorded. The subjects each underwent three exercise
tests over a 14-day period with each test separated by
o48 h. The exercise tests consisted of a maximal test
followed by two submaximal exercise tests at 80% of
the peak workload reached during the maximal test.
Exercise was performed at the same time of day on
each occasion. The subjects were asked to avoid
strenuous activity for o24 h prior to exercise testing
as well as food or caffeinated drinks in the preceding
2 h. All patients were instructed to take all of their
maintenance medications as usual prior to testing. All
testing was performed on an electrically-braked cycle

ergometer (Excalibur; Lode BV, Groningen, the
Netherlands).

For the maximal exercise test, after mounting the
cycle ergometer, each patient put on a noseclip, inserted
the mouthpiece attached to a Hans Rudolph valve
(Kansas City, MO, USA) and breathed room air
comfortably for o2 min. Baseline measurements were
then taken over 2 min. The initial exercise workload
was 15W and was increased by 15W?min-1 in a ramp
fashion until exhaustion. With the use of speedometer
feedback, each subject chose the pedalling rate within a
range of 50–70 rpm. All subjects were instructed in an
identical manner by the same operator for all exercise
studies. The subjects were told that they should
continue to exercise until they could exercise no
more. No other type of encouragement was offered
and no communication was made with the subjects
during the testing to ensure consistency of the protocol.

For the two submaximal studies, the initial warm
up work rate was 15W?min-1 for 2 min followed by an
immediate rise to 80% of the peak workload reached
in the maximal test. The control study was carried out
while breathing room air and the O2 study was carried
out while breathing 39% O2 (O2 39%, balance (BAL)
nitrogen (N2); BOC Gases, Dublin, Ireland). The
control and O2 exercise tests were otherwise iden-
tical. The order of testing for control and O2 was
randomised for each patient to minimise any possible
training or learning effect.

Electrocardiographic leads attached to the chest
enabled continuous monitoring of the heart rate (HR)
and electrocardiogram. Arterial oxygen saturation
(Sa,O2) was monitored by pulse oximetry (SAT-TRAK
Pulse oximeter; Sensor Medics, Yorba Linda, CA,
USA). The non-rebreathing valve was connected via
wide bore tubing to a 2.6 L mixing chamber with a
heated wire-flow sensor at the entrance to the mixing
chamber (Mass Flow Sensor2; Sensor Medics).
Respired gases were sampled by rapidly responding
O2 (paramagnetic) and carbon dioxide (infrared)
analysers. Respiratory and ventilatory data were
averaged over a 20-s time period to give measured
variables. All equipment was calibrated before each
exercise study using calibration syringes and precision
O2 and carbon dioxide gas mixtures. All signals were
displayed on a computer screen in real time during the
exercise test. Data was also stored on computer hard
disk for later analysis.

Inhaled gas

As O2 consumption (V9O2) was measured during the
exercise tests, a number of precautions were taken to
ensure that the respired gas measurements were
accurate during the tests with supplemental O2.
Prior to exercise with supplemental O2, the equipment
was calibrated to ensure accurate measurement of the
inspired gas concentrations (O2=39, BAL N2; BOC
Gases). Each subject put on a noseclip and breathed
through a Hans Rudolph Valve with the inspired limb
connected to a 1,000 L Douglas Bag partially filled
with the humidified O2. The patients then rested,
comfortably breathing foro6 min to ensure that their
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lungs were completely empty of room air. The V9O2

was measured using the mixing chamber method
because of problems measuring V9O2 when the
Douglas bag method is used during hyperoxic breath-
ing [26]. Baseline measurements were recorded until
there wasv10% variability between repeated measure-
ments of V9O2 over a 2 min period (i.e. steady state
V9O2 was reached). Inspiratory oxygen fraction (FI,O2)
was measured every minute during exercise through a
sampling port in the Douglas Bag.

Patients in each study were blinded to the content of
the inhaled gas and, to ensure consistency of the
protocol, room air was humidified and administered
during the control study in an identical way to the
supplemental O2 in the supplemental O2 study. The
primary investigator was not blinded to the content of
the inhaled gas during each exercise test.

Data analysis

Minute ventilation (V9E), tidal volume (VT),
respiratory frequency (fR), HR, V9O2 and carbon
dioxide production (V9CO2) were measured every 20 s
using standard formula [27, 28]. End-tidal CO2

tension (PET,CO2) was measured every minute through
a sampling port at the patient9s mouth. V9E and VT

were expressed at body temperature pressure and
saturation, and V9O2 and V9CO2 were expressed at
standard temperature pressure and dry. Predicted
peak V9O2 during exercise was calculated as [28]:

PeakV 0
O2
~0:83 ht2:7|(1{0:007 age (yrs))

|(1{0:25 S)
ð1Þ

where height (ht) is in meters and S is a factor taking
account of sex (0 males and 1 female). Predicted peak
HR was calculated as [27]:

PeakHR~210{0:66 age (yrs) ð2Þ
Maximum voluntary ventilation (MVV) was predicted
using the equation [29]:

FEV1|35 ð3Þ
The magnitude of dyspnoea was assessed using the
Borg Scale [30] in response to the question "How
breathless do you feel?", with the subject pointing to
the appropriate number on the scale. Leg discomfort
was assessed using the Borg Scale as above, in
response to the question "How much leg discomfort
do you feel?" Each patient was also asked their reason
for stopping exercise immediately after each exercise
test.

Statistical analysis

Data collected at rest, end exercise and at matched
exercise times were used in the analysis.

The statistical significance of group mean data
at end exercise from the two experimental days
was determined by paired t-testing. Data at matched
exercise times were compared using analysis of
variance (ANOVA) for repeated measures [31].

Analysis of the Borg Scale was performed using
Wilcoxon9s signed rank test. The relationship between
the improvement in exercise duration with O2 and the
drop in O2 saturation during the control study, FEV1

(% pred), body mass index, Sa,O2 at rest and rate of
change of V9E during exercise, was analysed by linear
regression. A p-value of v0.05 was considered
significant. The results are expressed as mean¡SEM.

Results

Characteristics of the study population at rest and
the end of maximal exercise are shown in table 1.
Subjects completed all three exercise tests without any
complications and no exercise tests were terminated
by the physician.

Analysis the of group mean data collected before
exercise showed no significant difference in baseline
spirometric values, Sa,O2 or HR between the two
studies. Mean FEV1 was 41% predicted (range
20–61%). Mean FVC was 63% pred (range 30–83%).
All patients showed a reduced maximal exercise tole-
rance with a mean maximal V9O2 of 53% pred (range
35–69%). Mean maximal HR was 91% pred (range
85–102%) at the end of the maximal exercise test.

Table 2 shows the group mean¡SEM for control
and supplemental O2 studies collected at the end of
submaximal exercise.

Exercise duration was significantly different
between supplemental O2 and control studies
(835¡99 s versus 673¡63 s, pv0.05). Group mean
and individual exercise duration are shown in
figure 1. Borg scale dyspnoea was the same at end
exercise in the two submaximal studies. Sa,O2 was
significantly higher at end exercise in the supplemental
O2 study versus the control study (96¡0.3% versus
86¡1.5%, pv0.001). Figure 2 shows group mean and
individual results for Borg scale dyspnoea and Sa,O2

at end exercise. There was no significant difference
between Borg scale leg discomfort in the two
submaximal studies.

There was no significant difference in V9O2, V9CO2,
V9E, VT, fR and HR between the two tests during
exercise or at end exercise. Figure 3 shows group
mean¡SEM for V9O2 and HR at end exercise and at
matched exercise times. There was no difference in
V9O2 and HR between the two studies during exercise.

Figure 4 shows group mean¡SEM for V9E, VT and
fR at end exercise and at matched times during
exercise. There was a trend for lower ventilation
during exercise, largely as a result of a drop in fR but
this was not statistically significant.

Figure 5 shows Sa,O2 and PET,CO2 for the control
study and the supplemental O2 study during exercise.
There was a significant difference in O2 saturation
between the control study and O2 study at all stages of
the exercise. PET,CO2 was significantly higher at end
exercise in the supplemental O2 study than in the
control study.

Figure 6 shows a Hey plot composite pattern of
breathing for all subjects during control and supple-
mental O2 studies. The initial increase in V9E was
primarily due to increases in fR and VT, whereas, later
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in exercise, the increase in V9E was mainly due to
increases in fR as VT reached a plateau. Breathing
pattern was similar during both studies. Table 3
shows VT and fR at 30%, 50% and 75% peak V9E
reached during control study. There was no significant
difference between VT and fR at matched levels of
ventilation during exercise. The ratio of peak V9E to

MVV was 106% at end exercise in the control study
and 103% at end exercise in the supplemental O2

study.
Linear regression was used to predict patients

who would benefit from the use of supplemental
O2 during submaximal exercise. It was found that
the drop in O2 saturation seen during the control
submaximal exercise study was the only predictor of
change in exercise duration with supplemental O2

Table 1. –Characteristics of the study population

Subject n 8
Age yrs 26¡1
Sex M:F 7:1
FEV1 L 1.67¡0.23
FEV1 % pred 41
FVC L 2.99¡0.32
FVC % pred 63
FEV1/FVC % 56¡5
Maximum voluntary
ventilation L?min-1

59¡8

Maximum V9O2 L?min-1 1.50¡0.14
Maximum V9O2 % pred 53
Maximum V9O2 mL?kg-1?min-1 25.9¡2.35
Maximum V9E L?min-1 59¡6
V9E/MVV % 100¡12
Maximum heart rate beats?min-1 176¡3
Maximum heart rate % pred 91¡2
BMI kg?m-2 19.9¡0.7
Sa,O2 % 86¡2

Data are presented as mean¡SEM unless otherwise stated;
M: male; F: female; FEV1: forced expiratory volume in one
second; FVC: forced vital capacity; MVV: maximum
voluntary ventilation (FEV1635); maximum V9O2: oxygen
consumption at end of maximal exercise test; maximum V9E:
ventilation at end of maximal exercise test; maximum heart
rate: heart rate at end of maximal exercise test; BMI: body
mass index; Sa,O2: arterial oxygen saturation at end of
maximal exercise test.

Table 2. –Values obtained at end of submaximal exercise
(n=8)

Values Control O2 p-value

Workload W 101¡10 101¡10 NS

Exercise duration s 673¡63 835¡99 pv0.05
V9O2 L?min-1 1.59¡0.13 1.65¡0.15 NS

V9O2 mL?kg-1?min-1 27.8¡2.3 28.6¡2.8 NS

V9CO2 L?min-1 1.73¡0.14 1.73¡0.15 NS

R 1.08¡0.03 1.05¡0.03 NS

PET,CO2 mmHg 41¡3 43¡4 pv0.05
V9E L?min-1 59¡6 58¡6 NS

V9E/MVV % 106¡6 103¡6 NS

fR min-1 37¡2 38¡3 NS

VT L 1.56¡0.17 1.55¡0.17 NS

HR bpm 178¡3 171¡4 NS

HR % pred 90¡1 89¡2 NS

Borg-dyspnoea 4¡1 4¡1 NS

Sa,O2 % 86¡2 96¡1 pv0.001

Data are presented as mean¡SEM unless otherwise stated;
O2: oxygen; V9O2: O2 consumption; V9CO2: carbon dioxide
production; R: respiratory quotient; PET,CO2: end-tidal
carbon dioxide tension; V9E: minute ventilation; MVV:
maximum voluntary ventilation; fR: respiratory frequency;
VT: tidal volume; HR: heart rate; Sa,O2: arterial oxygen
saturation.
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(r2=0.45, p=0.04), as can be seen in Figure 7. There was
no relationship between improvement in submaximal
exercise duration on O2 and FEV1 (% pred), body mass
index, resting room air O2 saturation, end-exercise
room air O2 saturation or change in V9E with O2.

Discussion

The main findings in this study are that: 1) sub-
maximal exercise capacity in patients with moderate-
to-severe CF is likely to be partly limited by arterial
hypoxaemia and that supplemental O2 during exercise
improves submaximal exercise capacity; and 2) the
improvement in submaximal exercise capacity may be
predicted by the degree of O2 desaturation that occurs
during a control submaximal exercise test.

Exercise and cystic fibrosis

Maximal exercise testing in patients with CF has
become an important tool in assessing disease severity
and in predicting overall outcome. Recent studies
have shown that reduced maximal exercise capacity
in CF patients is associated with impaired quality of
life [11, 12] and poor prognosis [9, 10]. This has lead
to the hypothesis that increasing exercise capacity
in these patients may result in improved survival.

In recent years the role of regular exercise in the
management of patients with CF has been extensively
examined. These studies have demonstrated that
regular exercise has significant benefits for CF
patients, including increased cardiovascular fitness,
improved pulmonary function and exercise capacity
and enhanced quality of life. The role of exercise in
CF has been comprehensively reviewed elsewhere
[13, 14] and is not discussed here.

It is important that exercise programmes for CF
patients are safe and well tolerated. The majority
of studies that have shown exercise programs to be
of benefit in CF patients have involved bouts of
submaximal exercise repeated at least two to three
times a week for an extended period of time. Patients
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0 50 75 100 12525

1.5

0.5

1

2

V
T 

L

c)

Exercise duration % control

80

60

40

20

0

V
’E

  L
. m

in
–1

50

40

30

20

10

0

F
R

a)

b)

Fig. 4. –Group mean (SEM) values for a) minute ventilation (V9E),
b) tidal volume (VT) and c) respiratory frequency (fR) at end
exercise and at matched times during exercise (n=8). #: control;
$: 39% O2; - - -: join values from last common exercise time to
that at end exercise.

138 E.F. MCKONE ET AL.



with moderate-to-severe CF often do not tolerate
submaximal exercise, even at very low workloads, due
to severe exercise limitation. As these are the patients
with the poorest prognosis and most impaired quality
of life, finding ways to improve their ability to

participate in exercise rehabilitation programmes is
important.

Based on the observation that some CF patients
desaturate during exercise, it was hypothesised that
submaximal exercise in CF patients is limited by
arterial hypoxaemia. To test this hypothesis, patients
were exercised at 80% of maximal workload (Wmax)
while breathing either room air or supplemental O2.
The 80% Wmax was chosen because of evidence that
repeated bouts of high-level exercise (above the
anaerobic threshold) may be associated with the
greatest physiological benefit in patients with COPD
[15, 16]. The effects of supplemental O2 have been
examined previously during maximal exercise
in normal subjects and patients with CF. In nor-
mal subjects, supplemental O2 has consistantly been
shown to improve maximal exercise capacity [32],
while in CF patients, studies of supplemental O2

during exercise have been conflicting, with one study
showing an improvement in exercise capacity [21] and
others showing no significant benefit [18, 22]. The
reasons for these conflicting results are unclear and
may relate to differences in disease severity between
the groups studied, as the CF patients that benefit
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control; $: 39% O2; - - -: join values from last common exercise
time to that at end exercise. *: pv0.05.
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Table 3. –Breathing pattern at three matched ventilatory
levels

% V9E max Variable Control O2 p-value

30% V9E L?min-1 18.6¡1.69 18.6¡1.74
VT L 0.69¡0.06 0.66¡0.04 NS

fR 27¡2 28¡2 NS

50% V9E L?min-1 29.8¡2.53 29.8¡2.08
VT L 0.96¡0.09 1.00¡0.09 NS

fR 31¡2 30¡2 NS

75% V9E L?min-1 44.5¡4.45 44.5¡4.38
VT L 1.31¡0.11 1.34¡0.12 NS

fR 35¡2 34¡2 NS

V9E max: maximum ventilation reached in control study;
O2: oxygen; V9E: minute ventilation during exercise;
VT: tidal volume; fR: respiratory frequency; NS=pw0.05.
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from O2 appear to have had more severe disease. O2

supplementation during submaximal exercise has also
been examined previously in patients with CF [22–24],
but has only been used to prevent potentially dan-
gerous desaturation during exercise, and has never
been examined as a possible therapy to improve
submaximal exercise capacity or to test whether
arterial O2 desaturation limits submaximal exercise
capacity. If arterial hypoxaemia is a significant limit-
ing factor during submaximal exercise then preventing
it through the use of supplemental O2 should improve
exercise capacity. The current authors found that
supplemental O2 improved mean submaximal exercise
capacity by an average of 26%, suggesting that arterial
desaturation is likely to be an important limiting
factor during submaximal exercise, and that supple-
mental O2 is a potential therapy for improving
submaximal exercise capacity in patients with moder-
ate-to-severe CF. It was found that the benefits of
supplemental O2 were greatest in patients who
desaturated the most during a submaximal exercise
test on room air. Three subjects showed no benefit
with supplemental O2 (fig. 1). All three patients had
evidence of severe airflow obstruction (FEV1 range
20–41% pred); however, none of the patients desa-
turated below 86% during the control study, while
four of the five that improved exercise capacity
with supplemental O2 desaturated below 86%. There
were no differences in body mass index, FEV1,
FVC and resting Sa,O2 between the responders and
nonresponders.

Mechanisms of improvement in exercise duration

The current study was not designed specifically to
study these mechanisms but there are a number of
ways in which supplemental O2 can improve exercise
capacity in patients with lung disease. Firstly, by
preventing the ventilatory stimulation seen with
hypoxia, supplemental O2 may increase the time
patients with ventilatory limitation take to reach
their maximum ventilatory capacity, thereby increas-
ing exercise duration. This may also result in a
reduced subjective sensation of dyspnoea during
exercise, which may lead to improved exercise
capacity. Secondly, supplemental O2 may improve
O2 delivery to the exercising muscles, resulting in
increased muscle endurance.

The authors9 findings suggest that changes in
the ventilatory response during exercise as well as
improved oxygen delivery to the exercising muscles
are likely to have contributed to the improvement in
submaximal exercise capacity. The patients in this
study reached the same level of peak ventilation at end
exercise in the control and supplemental O2 studies,
with a trend towards lower V9E at matched submax-
imal exercise times. Increasing patient numbers may
have given greater insight into the mechanism of
exercise improvement, although for this trend to have
become statistically significant, 80 patients would have
been required [33] (at 50% of control duration:
DV9E=5 L?min-1, SD=16.12, power=0.8, a=0.05). As
the primary purpose of this study was to measure

whether supplemental O2 improved submaximal
exercise capacity, recruitment was limited to patient
numbers that were sufficient to determine this.

The reason for an altered ventilatory response with
supplemental O2 may be due to preventing hypoxia
or by delaying onset of the anaerobic threshold. At
end exercise, the patients in this study reached a peak
V9Ew100% of pred MVV, suggesting that the patients
may have been limited by ventilatory factors during
exercise. This reduction in V9E, seen with supplemen-
tal O2, may have contributed to the improved exercise
tolerance by increasing the time taken for the patients
to reach their maximal ventilatory capacity. This has
been described previously in patients with COPD
[34, 35] and interstitial lung disease [36, 37]. Further
work is necessary to determine whether the ventilatory
response to hyperoxia is a factor in the improvement
in submaximal exercise capacity seen in the CF
patients in this study.

It is also likely that improved submaximal exercise
capacity was as a result of improved O2 delivery to the
exercising muscles. This could have been as a result of
increasing the concentration of O2 in the blood and/or
through improving cardiac output during exercise. An
improvement in cardiac output may occur either by
preventing hypoxic inhibition of myocardial contrac-
tility or preventing right ventricular dysfunction by
reducing hypoxic pulmonary vasoconstriction. These
factors have been shown to contribute to the benefits
of O2 therapy during exercise in patients with COPD
[38]. Increasing O2 delivery to the exercising muscles
has been shown to result in delayed onset of lactic
acidosis [39]. This reduction in metabolic acidosis
facilitates glycolysis, which may improve the endur-
ance capacity of the exercising muscle. The delay in
onset of lactic acidosis may also decrease ventilatory
demands during exercise, thereby increasing exercise
capacity. Unfortunately, lactate levels were not
measured in the patients in this study so it is unclear
whether this played an important role.

In addition to both these mechanisms, altering
the sensation of dyspnoea may have contributed to
increased exercise duration. At end exercise, the
subjects in this study had the same sensation of
dyspnoea despite exercising for longer with supple-
mental O2. This delay in onset of dyspnoea could be a
result of the delay in reaching peak V9E or as a direct
effect of preventing dyspnoea associated with hypox-
aemia [40, 41]. Further work is needed to clarify the
role of dyspnoea in limiting submaximal exercise
capacity in patients with CF.

In conclusion, in patients with moderate-to-severe
cystic fibrosis, submaximal exercise performance is
likely to be limited in part by arterial hypoxaemia, and
supplemental oxygen significantly improves submax-
imal exercise capacity. The mechanism resulting in
improved submaximal exercise capacity is unclear and
may relate to alteration in the ventilatory response
during exercise, improved oxygen delivery to the exer-
cising muscles or changes in the subjective sensation of
dyspnoea. These mechanisms require further study.
When designing an exercise programme for patients
with moderate-to-severe cystic fibrosis, supplemental
oxygen should be considered as a therapeutic option
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in patients who are unable to participate due to
reduced submaximal exercise capacity associated with
arterial desaturation.
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