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BACKGROUND: The goal of this study was to explore the relation between oxygen kinetics during
constant work load submaximal cardiopulmonary exercise test (CPET) and disease severity in adult
subjects with cystic fibrosis. METHODS: Fourteen adult subjects with cystic fibrosis (CF; 8 males,
22 � 4 y old) and a mean Schwachman score of 73 � 11 and 10 healthy individuals (5 males,
29 � 4 y old) underwent pulmonary function tests at rest, maximal and constant work load
submaximal CPET on a cycloergometer. Breath-by-breath analysis was used for measuring oxygen
kinetic parameters and the time constant (tau), expressing phase 2 of submaximal CPET. RESULTS:
Subjects with CF had a significantly prolonged tau compared with healthy subjects (42.3 � 21.5 vs
29.3 � 6.4, s, P < .05). The tau during phase 2 was inversely correlated with FEV1(% pred)
(r � �0.77, P � .001), breathing reserve (r � �0.74, P � .003), V̇O2peak (r � �0.53, P � .049), V̇O2/t
slope (r � �0.58, P � .03), and Schwachman score (r � �0.80, P � .001). In a multivariate
regression model including all the above variables, the Schwachman score (� � �0.697, P � .002)
emerged as independent predictor of tau (R2 � 0.719, P � .001). CONCLUSIONS: We conclude
that adult subjects with CF present significant prolonged oxygen kinetics during constant work load
submaximal exercise in relation to disease severity. Thus, submaximal exercise should be considered
the preferable CPET choice in adult patients with severe CF. Key words: cystic fibrosis; submaximal
exercise; time constant (tau). [Respir Care 2015;60(8):1164–1171. © 2015 Daedalus Enterprises]

Introduction

Cystic fibrosis (CF) is a progressive, life-limiting dis-
ease, with an incidence of 1:2,000 to 1:3,500 among white

populations.1 It is caused by mutations in a single gene on
the long arm of chromosome 7, which encodes a protein,
the cystic fibrosis transmembrane conductance regulator
(CFTR).2 More than 1,500 mutations have been identified
to be responsible for CFTR quantity or quality defects
leading to abnormal chloride concentration across the api-
cal membrane of epithelial cells, especially in the airways
and pancreas. This results in thick secretions and, through
a vicious cycle of inflammation and infection, in progres-
sive lung disease and malnutrition.2 The disease most com-
monly affects the respiratory system among the adult pop-
ulation, increasing morbidity and determining the patients’
survival.3,4

The prognosis of the disease is worse in women, and
it is dependent on nutritional status, respiratory involve-
ment, colonization by Pseudomonas aeruginosa, and
existence of complications such as pneumothorax and
right ventricular failure.5 Advances in the diagnosis
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and the therapeutic management of CF have gradually
led to a significant increase in life expectancy, accom-
panied by a corresponding increase in the survival rate
of CF patients.6

Lung function parameters such as FEV1,7 peak oxygen
uptake (V̇O2peak

) during incremental cardiopulmonary exer-
cise testing (CPET)8 and the clinical evaluation system
known as the Schwachman score9 are common prognostic
indices used to assess functional capacity and disease se-
verity in CF patients. Peak exercise capacity is reduced in
CF,10 and the main responsible factors are diminished pul-
monary and nutritional status,11 as well as peripheral mus-
cle weakness.12 Although maximal CPET is a useful clin-
ical tool to measure aerobic capacity directly, it remains
difficult for debilitated patients to perform this test, espe-
cially CF patients. An alternative modality for estimating
aerobic capacity could be oxygen kinetics during submaxi-
mal constant work load exercise testing. However, there
are very limited data concerning constant work load oxy-
gen kinetics in subjects with CF.13 These data consist mainly
of lung function decline and oxygen desaturation during
6-min walk test in children and patients who have received
transplants. Furthermore, oxygen kinetics during exercise
has been correlated with disease severity only during max-
imal CPET.

In this study, we hypothesized that (1) adult subjects
with CF present impaired oxygen kinetics during constant
work load submaximal CPET, and (2) oxygen kinetics is
related to disease severity in CF. The aim of this study was
to explore oxygen kinetics during constant work load sub-
maximal CPET in adult subjects with cystic fibrosis in
comparison with healthy subjects and in relation to disease
severity.

Methods

This study involved 14 adult subjects with CF (8 males,
mean age: 22 � 4 y old) referred to the CF out-patient
clinic of our Institute and 10 healthy individuals (controls)
(5 males, mean age: 29 � 4 y old). The diagnosis of CF
was based on clinical evaluation and laboratory testing,
including sweat testing and genotype analysis. All partic-
ipants were physically active, nonsmokers, and not en-
gaged in regular training. All subjects were clinically sta-
ble and optimally treated at the time of the study. Subjects
had no clinical symptomatology or signs of cardiac dis-
ease, and there was no history of any cardiovascular risk
factor for ischemic heart disease. All subjects with CF
before referral to our CF out-patient clinic had a routine
echocardiogram, which had shown cardiac function within
normal limits. Patients and healthy subjects with history of
recently (within the previous month) diagnosed pulmonary
infection or respiratory failure, cardiac, orthopedic, or neu-
rological problems affecting exercise capacity were ex-

cluded from the study. None of the controls suffered from
any acute or chronic disease at the time of testing, or were
under medication. The institutional review board approved
the study, informed consent was obtained from all sub-
jects, and the study was conducted in accordance with
applicable laws and regulations, including the International
Conference on Harmonization Guideline for Good Clini-
cal Practice (http://www.ich.org. Accessed January 26,
2015.).

Design of the Study

All subjects with CF and healthy subjects underwent a
spirometric evaluation, a symptom-limited CPET, and a
constant work load CPET. Subjects with CF were also
clinically assessed, and the Schwachman score was
calculated.

The latter is a scoring system based on 4 separate as-
pects of the disease profile: (1) general activity, (2) phys-
ical findings (degree of clubbing, auscultatory findings,
cough, and sputum), (3) nutritional status, and (4) chest
x-ray findings. Each item is given equal weight, from 0 to
25 points. A total of 86 points represents a perfect score,9

whereas a total below 40 points represents a severe con-
dition. The Schwachman score is calculated by 2 different
observers to obtain objective results.

Pulmonary Function Assessment

Study participants (healthy and CF subjects) underwent
measurement of FVC and FEV1 in the sitting position with

QUICK LOOK

Current knowledge

Lung function parameters such as FEV1 and peak ox-
ygen uptake during incremental cardiopulmonary exer-
cise testing are common prognostic indices used to as-
sess functional capacity and disease severity in cystic
fibrosis patients. However, patients with severe disabil-
ity cannot always tolerate maximal exercise. An alter-
native modality for estimating aerobic capacity could
be oxygen kinetics during submaximal constant work-
load exercise testing.

What this paper contributes to our knowledge

Adult subjects with cystic fibrosis demonstrated signif-
icant prolonged oxygen kinetics during constant work-
load submaximal exercise in relation to disease sever-
ity. These data suggest that submaximal exercise should
be considered as the preferable choice for cardiopul-
monary exercise testing in adult subjects with severe
cystic fibrosis.
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a closed-circuit spirometer (Sensormedics, Yorba Linda,
California) as recommended by the American Thoracic
Society.14 In addition, participants underwent inspiratory
capacity (IC) measurement in the sitting position, before
exercise, according to previous studies.15,16

CPET

Subjects underwent a symptom-limited, incremental
CPET on a cycloergometer (model 2000, Marquette Elec-
tronics, Milwaukee, Wisconsin) in a sitting position. Car-
diopulmonary data were recorded for 2 min at rest fol-
lowed by 3 min of unloaded pedaling. The work rate
increment was estimated by using the equation of Hansen
et al17 to attain test duration of 8–12 min. A 12-lead elec-
trocardiogram was recorded every minute using the Max 1
system (Marquette Electronics). Blood pressure measure-
ments were made with a standard mercury sphygmoma-
nometer and IC maneuvers were performed every 2 min
during exercise and at peak exercise. The IC maneuvers
were first explained and then practiced by the subjects
until reproducible efforts were made, as previously de-
scribed15,16 and IC peak was measured at the end of ex-
ercise. We also measured breathing reserve at maximal
exercise as: (MVV – peak VE)/MVV, where MVV was
the maximal voluntary ventilation obtained from
40 � FEV1. A pulse oximeter was used for SpO2

monitor-
ing. The subjects breathed through a mouthpiece with a
nose clip in place. Oxygen uptake (V̇O2

), carbon dioxide
output (V̇CO2

), and air flow were measured on a breath-
by-breath basis using the Vmax 229 monitor for pulmo-
nary and metabolic studies (Sensormedics). The system
was calibrated with a gas mixture of known concentration
before each test. Measurements were obtained in the sit-
ting position before and during exercise. Baseline V̇O2

was
calculated by averaging the measurements made for 2 min
before the beginning of exercise. V̇O2peak

was calculated as
the average of measurements made during the last 20 s of
incremental exercise testing. Anaerobic threshold (AT) was
determined using the V-slope technique,18 and the result
confirmed by a graph on which the respiratory equivalent
for oxygen (V̇E/V̇O2

) and carbon dioxide (V̇E/V̇CO2
) were

plotted simultaneously against time. Heart rate and oxygen
pulse (O2 pulse: V̇O2

/heart rate) at peak exercise were also
calculated.

To evaluate the oxygen uptake kinetics during early
recovery, the first degree slope of V̇O2

for the first 1 min
of recovery period10,19 was calculated by linear regression
using an appropriate computerized statistical program, as-
suming that the fall in V̇O2

during early recovery is linear.
The ventilatory response to exercise was calculated as the
slope by linear regression of VE versus V̇CO2

from the
beginning of exercise to AT as in previous studies.10,15,18,20

Peak work rate was defined as the highest work level

reached and maintained at a pedaling frequency of no
less than 50 rpm for 20 s. Subjects were instructed to
exercise until exhaustion. A respiratory exchange ratio
� 1.09 was considered to be an indication of a nearly
maximal effort.

Constant Work Load Submaximal CPET

After 1 h of rest, each study participant underwent a
constant load exercise test in a cycloergometer. Initially,
the test load was set at 80% of the value of the work rate
(WR) corresponding to the AT detected in the maximum
test, which was performed first (with a minimum value of
30 W).20,21

Cardiopulmonary data were recorded for 2 min at rest,
followed by 3 min of unloaded pedaling. After unloaded
pedaling, subjects performed the constant load test for
7 min at the work load rate described above, followed by
unloaded pedaling for 5 min. We used a 7-min work load
for a better evaluation of all oxygen kinetics phases. To
improve the confidence of the kinetic parameter determi-
nation,22 this test was performed 3 times, and the averaged
profile was used for the kinetics analysis. We also chose to
limit the constant work rate to the sub-anaerobic threshold
range to obviate the confounding influence of the slow
component of the kinetics at work rates associated with a
sustained increase in lactate levels.23 The breath-by-breath
measurements of each curve were edited only for breaths
that were not reflective of the underlying physiological
process22,23 interpolated to a second-by-second basis, time-
aligned, and averaged to produce a single response. Curve
fitting was performed with Origin 7.0 graphics software
(Microcal Software, Northampton, Massachusetts) using
iterative techniques.20

V̇O2
response was described by a 3-phase model.20,21 To

characterize phase 1 (cardiodynamic phase), we used the
period from the start of the exercise to the point when the
respiratory exchange ratio started to fall in conjunction
with end-tidal PO2

starting to fall and end-tidal PCO2
start-

ing to increase. During phase 2, V̇O2
continues to increase

as its consumption by muscles increases, and it is defined
as the exponential period beginning immediately follow-
ing phase 1, until steady state (phase 3) at moderate WR
levels. The exponential curve of phase 2 is described by
the equation: �y(t) � A[1 – e–(t–TD)/�)], which provides
estimates of the time constant (tau). The dependent vari-
able �y(t) equals the increase in oxygen uptake at time t,
A equals the increase in oxygen uptake from the onset of
loaded exercise to steady-state exercise (phase 3), and TD
is the time delay from the onset of loaded exercise until the
beginning of the exponential rise in oxygen uptake. There
is theoretical and experimental evidence to analyze V̇O2

responses of submaximal CPET by separating phase 1 and
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phase 2,20,21,24 as phase 1 is the cardiodynamic phase and
expresses the abrupt increase in oxygen consumption,
whereas the phase 2 expresses mainly the oxygen con-
sumption by muscles.

Statistical Analysis

All continuous variables are presented as mean � SD.
All variables were tested for normal distribution. The un-
paired Student t test was used to compare group means of
continuous variables of subjects with CF and healthy sub-
jects. The Pearson correlation coefficient was used to test
correlations. A univariate linear regression was performed
to examine which variables were associated with tau. A
multivariate linear regression analysis was then performed
to examine which variables were associated independently
with tau. A P value � 0.05 was considered as statistically
significant.

Results

Anthropometric, clinical, and resting pulmonary func-
tion characteristics of both groups are listed in Table 1.

Spirometric evaluation in subjects with CF showed a
mild obstructive pattern compared with healthy subjects
with significantly reduced FEV1 and FEV1/FVC (Table
1), but without any statistically significant difference in
IC between the 2 groups. Subjects with CF were sig-
nificantly younger compared with healthy subjects
(Table 1).

Table 2 summarizes the cardiorespiratory and metabolic
exercise response of subjects with CF and healthy subjects
during symptom-limited and constant work load submaxi-

mal CPET. There were no electrocardiogram findings in-
dicating ischemia during symptom-limited CPET in either
the CF or control group.

Exercise capacity was significantly reduced in subjects
with CF compared with healthy subjects as assessed by
V̇O2peak

and AT, whereas there was a significantly decreased
O2 pulse and an increased V̇E/V̇CO2

slope. In the group of
subjects with CF, there was significant prolonged oxygen
recovery kinetics as expressed by V̇O2

/t slope compared
with healthy subjects.

Subjects with CF had also a significantly increased du-
ration of phase 2 V̇O2

response during submaximal CPET
as compared with healthy subjects (42.3 � 21.5 vs
29.3 � 6.4, s, P � .05) (Fig. 1). Phase 1 duration was
prolonged in subjects with CF compared to healthy sub-
jects; however, there was no statistically significant dif-
ference between the 2 groups.

A statistically significant negative correlation between
FEV

1
(pred), FVC(pred), FEV1/FVC, and tau was found

([r � �0.77, P � .001, Fig. 2], [r � �0.79, P � .001],
and [r � �0.62, P � .019], respectively) in subjects with
CF. Breathing reserve, V̇O2peak

(L/min), and AT (%V̇O2peak
)

were also identified as significant correlates of tau
([r � �0.74, P � .003, Fig. 3], [r � �0.53, P � .049, Fig.

Table 1. Baseline Demographic Characteristics and Pulmonary
Function Assessment at Rest in Subjects With Cystic
Fibrosis and Controls

Subjects
(n � 14)

Controls
(n � 10)

P

Gender (males) 8 5
Age (y) 22 � 4 29 � 4 .003
BMI (kg/m2) 21.6 � 3.2 23.1 � 2.9 .24
Schwachman score 73 � 11 NA NA
FEV1 (% pred) 76.7 � 31.6 105.9 � 14.9 .007
FVC (% pred) 89.2 � 29.7 106.9 � 14.3 .07
FEV1/FVC (%) 72.9 � 11.6 86.5 � 5.6 .001
IC at baseline (L) 2.6 � 0.8 2.8 � 0.6 .18

Continuous variables are presented as mean � SD.
BMI � body mass index
NA � not applicable
% pred � percentage of predicted
IC � inspiratory capacity

Table 2. Maximal and Submaximal Cardiopulmonary Exercise
Testing Parameters in Subjects With Cystic Fibrosis and
Controls

Subjects
(n � 14)

Controls
(n � 10)

P

Maximal CPET parameters
V̇O2peak

(L/min) 1.6 � 0.4 2.1 � 0.4 .009
V̇O2peak

(mL/kg/min) 26.4 � 6.9 35.4 � 7.7 .007
AT (mL/kg/min) 15.2 � 4.7 25.6 � 4.8 � .001
V̇O2

/t slope (L/min2) 0.74 � 0.28 0.95 � 0.19 .048
V̇E/VCO2

slope 30 � 5 26 � 3 .046
O2 pulse (mL/beat) 9.6 � 2.4 12.5 � 2.7 .01
HRpeak (beats/min) 171 � 12 175 � 25 .15
ICpeak (L) 2.5 � 0.7 2.7 � 0.6 .27
BR (%) 19 � 28 19 � 3 .96
WRpeak (watts) 139 � 35 150 � 29 .45

Submaximal CPET parameters
Phase I (t, s) 29.4 � 10.2 23.5 � 6.3 .10
Phase II (tau, s) 42.3 � 21.5 29.3 � 6.4 .049

Continuous variables are presented as mean � SD.
CPET � cardiopulmonary exercise testing parameter
V̇O2peak � peak oxygen uptake
AT � anaerobic threshold
V̇O2/t slope � first-degree slope of V̇O2 for the first 1 min of recovery
V̇E/VCO2 slope � slope of the ventilatory equivalent for carbon dioxide output
HRpeak � heart rate at peak of maximal exercise
ICpeak � inspiratory capacity at peak of maximal exercise
BR � breathing reserve
WRpeak � peak work rate
t � mean duration of phase I of submaximal CPET
tau � time constant of phase II during submaximal CPET
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4], and [r � �0.65, P � .013]), respectively. V̇O2
/t slope

was significantly correlated with tau (r � �0.58, P � .031)
in the same group. A statistically significant negative cor-
relation between tau and Schwachman score was also found
(r � �0.80, P � .001, Fig. 5).

A univariate linear regression was performed to exam-
ine which variables were significantly correlated to tau
including FEV1(pred), FVC(pred), FEV1/FVC, V̇O2peak

(L/min), breathing reserve, V̇E/V̇CO2
slope, and Schwach-

man score.
Multivariate linear regression analysis was conducted to

determine the best linear combination of statistically sig-
nificant univariate predictors for predicting tau. The re-
sults show that the Schwachman score (� � �0.697,
P � .002) was the strongest independent predictor of tau
(R2 � 0.719, F � 14.05, P � .001).

Discussion

In the present study, we have shown that CF is associ-
ated with prolonged oxygen kinetics during submaximal
constant work load exercise compared to healthy subjects.
This oxygen kinetics prolongation was significantly cor-
related with disease severity as expressed by the common
prognostic markers Schwachman score, FEV1, and V̇O2peak

in CF.

Fig. 1. Graphic representation of the time constant of the phase II
response during constant workload exercise testing in adult sub-
jects with cystic fibrosis and healthy controls. P � .05.

Fig. 2. Scatter graph of FEV1 (% predicted) vs time constant in
adult subjects with cystic fibrosis.

Fig. 3. Scatter graph of breathing reserve vs time constant in adult
subjects with cystic fibrosis.

Fig. 4. Scatter graph of V̇O2peak
vs time constant in adult subjects

with cystic fibrosis.
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V̇O2
kinetics of phase 2 of submaximal constant work

load CPET have been used as an important index of cen-
tral and peripheral limitation of exercise in various dis-
eases such as COPD,25,26 heart failure,20 heart transplant
recipients,27 cystic fibrosis,13 and even healthy subjects.28

The time constant of phase 2 oxygen kinetics (tau) is an
index of aerobic metabolism of muscles and reflects aer-
obic capacity,21,23,29 but also is an index of oxygen deliv-
ery to peripheral tissues.26,27

Until now, the data for oxygen kinetics of constant work
load submaximal CPET in cystic fibrosis have been very
limited. Hebestreit and co-workers13 have investigated the
oxygen kinetics of constant work load submaximal CPET
in subjects with CF and they have demonstrated that, al-
though there was no difference in amplitude of phase 2
V̇O2

response between subjects with CF and healthy con-
trols, the tau was prolonged. In the latter study, tau was
adjusted only for oxygen desaturation and FEV1, leading
to elimination of difference. Additionally, there was no
documentation of the overall breathing pattern, and the CF
population included children and adults (ages between 10
and 33 y old), facts that generate further queries.

Our data confirm prolongation of time constant tau in
subjects with CF. Furthermore, our study has shown, for
the first time, correlation of tau with disease severity as it
is expressed by Schwachman score, FEV1, and peak ex-
ercise capacity. The inverse correlation between tau and
indices of respiratory function at rest and during exercise
(FEV1, FVC, FEV1/FVC, and breathing reserve) could
indicate that phase 2 oxygen kinetics is significantly de-
pendent on a central factor in CF and partly explains its
prolongation by reduced oxygen delivery. This is in ac-
cordance with other studies in heart transplant recipients27

and COPD subjects.26 Most subjects with CF demonstrate
an obstructive disease at spirometric evaluation. The pro-
longed exercise kinetics during maximal exercise has been
partly explained by air trapping, ventilatory mismatch, mus-

cle strength, nutritional status, and oxidative stress at the
mitochondrial level. The prolongation of oxygen kinetics,
which also emerged with submaximal constant work load
exercise, indicates that the underlying mechanisms have
early onset and probably affect overall clinical status and
increase disease severity while decreasing exercise capac-
ity. Moreover, indices of central limitation of exercise such
as O2 pulse and V̇E/V̇CO2

slope were significantly different
between the 2 groups. Subjects with CF exhibit a signifi-
cantly lower O2 pulse, an indirect index of stroke volume,
and a significantly higher V̇E/V̇CO2

slope, which is an in-
dex of ventilatory efficiency. These findings might indi-
cate a reduced oxygen delivery, possibly due to some de-
gree of pulmonary hypertension that is often present in CF,
especially during exercise as has been reported elsewhere.30

However, we did not find any correlation between these
indices of central limitation and phase 2 oxygen kinetics.
Interestingly, cardiac function assessed by cardiac ul-
trasound at rest was within normal limits in our study,
making this contribution to the prolonged oxygen ki-
netics in CF less possible. Moreover, although there
was a slight increase in phase 1 duration in CF, this was
not statistically significant. This phase reflects the car-
diodynamic phase, which is rather normal in our adult
subjects with CF.

In contrast to results in the study by Hebestreit et al,13 a
statistically significant negative correlation was found be-
tween disease severity expressed by the Schwachman score
and phase 2 oxygen kinetics. This correlation suggests that
subjects with a high Schwachman score and consequently
a good clinical condition demonstrate faster oxygen kinet-
ics. To our knowledge, this is the first demonstration of a
significant correlation between a clinical index of disease
severity such as the Schwachman score and an index of
aerobic capacity such as tau.

The inverse correlation of phase 2 oxygen kinetics with
aerobic capacity (V̇O2peak

, AT) and early recovery oxygen
kinetics after maximal exercise (V̇O2

/t slope) in CF might
also suggest that there is a peripheral factor that explains
oxygen kinetics prolongation. Pouliou et al10 have previ-
ously shown that there is prolonged early recovery oxygen
kinetics after maximal exercise, which might indicate an
impaired oxidative muscle metabolism of subjects with
CF. Possible explanatory mechanisms for low oxidative
capacity and prolonged oxygen kinetics in subjects with
CF are deconditioning, abnormalities at the mitochondrial
level such as increased calcium concentration,31 lower
NADH dehydrogenase activity,32 and higher pH optimum
of NADH dehydrogenase.33 Moreover, previous data34 sug-
gest a reduced efficiency of oxidative ATP synthesis in
subjects with CF. In the literature, an association between
the main CF gene mutation and raised energy expenditure
in subjects with CF is reported.35 These changes probably

Fig. 5. Scatter graph of Schwachman score vs time constant in
adult subjects with cystic fibrosis.
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affect muscle oxidative metabolism and may also explain
phase 2 oxygen kinetics prolongation.

This study is cross-sectional, and not designed to prove
causality. The study population consisted of a relative small
sample size with healthy subjects not matched for age and
BMI; however, the fact that, in the present study, subjects
with CF were significantly younger than healthy subjects
strengthens our findings. Younger subjects exhibit faster
phase 2 oxygen kinetics.36 Subjects with CF even younger
than healthy subjects exhibit slower phase 2 oxygen ki-
netics, outlining the role of central and peripheral factors
to this phenomenon. The findings from our study are not
valid for pediatric CF but only for adult CF. Moreover, the
similar inspiratory capacities in both groups at baseline
strengthens our data. Perpati et al16 have shown that lower
baseline inspiratory capacity in subjects with CF correlates
with poor exercise performance. The lack of echocardio-
graphic data at the time of the study might limit our study
conclusions; however, the negative medical history of car-
diovascular risk factors for ischemic heart disease and a
recent echocardiogram before referral at the CF out-pa-
tient clinic make cardiac involvement unlikely to explain
the slow oxygen kinetics in these subjects. Definite ex-
planatory mechanisms for prolonged oxygen kinetics dur-
ing constant work load submaximal exercise cannot be
deduced from the present findings; however, after thor-
oughly evaluating the symptom-limited CPET and its cor-
relation with phase 2 oxygen kinetics, it seems that both
central and peripheral factors influence prolonged oxygen
kinetics. Further studies are needed to investigate the link-
ing mechanisms.

Clinical Implications

These findings are clinically important, as the submaxi-
mal CPET is more tolerable and safer for debilitated sub-
jects, who cannot perform maximal exercise. It could be
used for risk stratification of subjects with CF. In the
follow-up assessment, an accurate phase 2 oxygen kinetics
evaluation instead of a symptom-limited CPET is sug-
gested, avoiding the impact of low subject motivation and
allowing physicians to terminate CPET considering both
clinical and laboratory findings. Finally, submaximal ex-
ercise and tau estimation set the schedule of exercise train-
ing programs for subjects with CF and objectively assess
the beneficial effects of rehabilitation.

Conclusions

Our study demonstrated that adult subjects with CF pres-
ent a significant prolongation of oxygen kinetics during
constant work load submaximal exercise testing in strong
relation to disease severity. Both central and peripheral

factors seem to be involved as explanatory mechanisms
for this prolongation in subjects with CF.
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