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BACKGROUND: Exercise testing is part of the regular assessment of patients with cystic fibrosis
(CF). We aimed to evaluate (1) the convergent validity of the 1-min sit-to-stand (STS) test in CF by
investigating its relationships with peak oxygen uptake (peak V̇O2

), quadriceps strength, and quality
of life and (2) to compare these associations with those of the 6-min walk test (6MWT). METHODS:
Twenty-five adults with CF (FEV1 � 59 � 24%) performed the STS test, the 6MWT, quadriceps
strength assessment, and cardiopulmonary exercise test (CPET). Physical activity level, quality of
life, and self-esteem were assessed by questionnaires. RESULTS: STS repetitions, 6-min walk
distance, quadriceps strength, and peak V̇O2

were, respectively, 71 � 12, 90 � 10, 93 � 29, and
62 � 16% of predicted. The STS test had moderate associations with peak V̇O2

(r � 0.56, P � .004),
quadriceps strength (r � 0.52, P � .008), and some questionnaire items (eg, perceived physical
strength, r � 0.67, P < .001) only when repetitions were expressed as a product of body weight.
Overall, these associations were weaker than those obtained from 6-min walk distance � weight.
Oxygen desaturation during the STS test was strongly associated with oxygen desaturation during
CPET (r � 0.80, P < .001). Peak heart rate was lower during the STS test as compared with CPET
(P < .001) and the 6MWT (P � .009). CONCLUSIONS: The STS test cannot be used as a
replacement for CPET to accurately assess peak exercise capacity in CF. The STS test may have
utility in detecting patients with CF who may exhibit a high level of oxygen desaturation during
heavy exercise. Further studies should identify the factors contributing to STS performance to
confirm the potential interest of STS repetitions � body weight outcome as a useful submaximal
exercise parameter in CF. Key words: exercise test; cystic fibrosis; peak oxygen uptake; limb muscle
function; quality of life; rehabilitation. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Cystic fibrosis (CF) is one of the most widespread life-
shortening genetic diseases. It is a progressive multisystem

disorder, predominantly affecting the lungs and the diges-
tive system. Despite considerable advances in therapies,
there is no curative treatment for CF. Improvements in
patients’ function, well-being, and longevity are thus im-
portant clinical goals. Regular exercise testing is now
strongly recommended as part of the care for patients with
CF.1,2 Exercise intolerance is a hallmark of CF. Exercise
testing is needed to detect physical limitation, the associ-
ated underlying factors, and potential adverse effects of
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exercise.1,3 It is also used to set the intensity of exercise in
training programs on an individualized basis.1 Importantly,
exercise testing has a strong prognostic value in CF,4 and
reduced aerobic exercise capacity has been cross-section-
ally and longitudinally associated with reduced health-re-
lated quality of life (HRQOL).5

A cardiopulmonary exercise test (CPET) with gas ex-
change measurements is the accepted standard exercise
test, with peak oxygen uptake (peak V̇O2

) as the primary
outcome. However, many centers do not have the resources
to include CPET on a routine basis,6 mainly because CPET
equipment is costly, labor intensive, and requires trained
staff for supervision and interpretation. Hence, various sim-
ple field tests are often used as an alternative for exercise
assessment in CF. The most commonly applied field tests
to measure exercise capacity in CF are self-paced timed
walking tests. The 6-min walk test (6MWT) is among the
most popular field test in CF in both clinical and research
settings. This test is reliable7 and has prognostic value in
patients with moderate to severe CF.8 However, the 6MWT
requires substantial space (ie, 30–40 m) and provides only
limited information on limb muscle function, an important
determinant of exercise tolerance9,10 and HRQOL in CF.11

The 1-min sit-to-stand (STS) test is a rapid and simple
test that is increasingly used in respiratory diseases such as
COPD.12-14 The STS movement is frequently performed in
daily living and is thought to be a measure of lower-limb
strength. The STS test has been recently demonstrated to
be reliable and sensitive to intervention in a small sample
of adults with CF.15 Similarly to the 6MWT, this test
elicits submaximal responses in the majority of patients
with CF and thus may not reflect the integrated response
of the organism to exercise nor permit identification of the
factors limiting exercise tolerance. To be of clinical value,
the STS test should demonstrate high convergent validity
with important outcomes of peak aerobic fitness (eg, peak
V̇O2

, peak work rate) but also with measures of patient
well-being (eg, HRQOL, self-esteem). If the STS test is
intended to be used when CPET is not available, then its
associations with these outcomes should be of comparable
strength compared with those obtained from other com-
monly used field tests (eg, 6MWT). Due to its simplicity,
the STS test may thus, for instance, be suitable for re-
peated measurements during the course of pulmonary re-
habilitation. Whether this test may detect important infor-
mation, such as oxygen desaturation, also requires
investigation. Finally, it would be of value to determine
whether the STS test can be used as a measure of lower-
limb muscle strength in CF.

The primary aim of this study was to investigate the
relationship of the STS test with important physiological
and psychological outcomes in adults with CF (ie, peak
V̇O2

, quadriceps strength, HRQOL, and self-esteem) and to
compare these associations with those of the 6MWT. Pre-

vious studies in COPD showed that the association be-
tween 6MWT and peak V̇O2

was strengthened when the
walk distance (6MWD) was multiplied by body weight (ie,
walk work).16-18 Because the body weight factor may also
influence STS and walk performances, a secondary aim of
this study was to determine whether the aforementioned
associations were strengthened when STS repetitions and
6MWD were expressed as a product of body weight.

Methods

Study Population

Twenty-five patients with CF attending the Renée Sa-
bran Hospital Adult Cystic Fibrosis Service (regional CF
center, CRCM Giens) were invited to participate in the
study. Diagnosis of CF was based on clinical features and
genotyping, according to standard guidelines.19 Subjects
were at or close to their baseline clinical state at the time
of the testing, as judged by the attending physician. They
were not included if they (1) were �18 y old, (2) had
unstable major non-pulmonary comorbidities, (3) were col-
onized with Burkholderia cepacia, (4) had contraindica-
tions for exercise testing, (5) had symptoms or signs of an
acute pulmonary exacerbation, or (6) had received a lung
transplant. Most of the subjects were physically active,
being involved in non-hospital physical activities (eg,
sports) and/or in-patient exercise rehabilitation programs.
All refrained from strenuous physical exercise sessions on

QUICK LOOK

Current knowledge

Exercise testing is part of the regular assessment of
patients with cystic fibrosis (CF). Cardiopulmonary ex-
ercise test is the accepted standard exercise test, but
many centers do not have the resources to include this
test on a routine basis. Simple field tests are needed as
an alternative to assess the functional capacity of pa-
tients with CF.

What this paper contributes to our knowledge

The 1-min sit-to-stand test was performed in adults
with CF. This test cannot be used to accurately predict
peak exercise tolerance in CF but may provide a sub-
maximal alternative to the usual exercise tests which
are not always available in CF centers or cannot be
performed on a regular basis. The 1-min sit-to-stand
test was able to detect subjects with CF who exhibited
a high level of oxygen desaturation during heavy exer-
cise.
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the days of testing. All were instructed to continue main-
tenance medications throughout the duration of their study
involvement. Written informed consent was obtained, and
the study was conducted according to the Declaration of
Helsinki and approved by the institutional review board of
the French Learned Society for Respiratory Medicine (in-
stitutional review board approval 2015-001).

Experimental Design

All subjects answered questionnaires and performed ex-
ercise tests in random order in 2 d over a period of 1 week.
No tests were performed after CPET for a given day (ie,
CPET was always the last test of the day). All tests were
supervised by a trained operator.

1-Minute Sit-to-Stand Test

The STS test was performed using a chair 46 cm in
height without arm rests, as described previously.20 Sub-
jects were instructed to complete as many STS cycles as
possible within 1 min at a self-paced speed. To fully stand
up, the legs had to be straightened entirely (ie, complete
knee extension), and to sit down, the chair had to be touched
by the buttocks with the knees at approximately 90° of
flexion. To reduce the learning effect, the test was first
demonstrated by the operator, and subjects had the oppor-
tunity to perform a few practice cycles to ensure correct
realization. Standardized encouragement was given
throughout the test.

6-Minute Walk Test

The 6MWT was performed indoors, along a flat straight
40-m corridor, according to the American Thoracic Soci-
ety guidelines.21 Subjects were allowed to stop at any mo-
ment during the test but were told to walk as fast as they
felt able to. At the end of the 6MWT, the total distance
covered (6MWD) was recorded to the nearest meter.

Quadriceps Force

Quadriceps maximal isometric force was measured us-
ing a handheld dynamometer (MicroFet2, Hoggan Health
Industries, Inc, West Jordan, Utah) with belt stabilization,
as recommended.22 Subjects were tested in the sitting po-
sition with both knees and hips at 90° of flexion.23 Sub-
jects performed five 5-s maximal voluntary contractions of
the dominant leg with a 1-min recovery period between
attempts. Strong encouragement was given during each
contraction. The first 2 attempts were excluded, and the
best value among the remaining 3 attempts was retained
for analysis.23 The moment arm was recorded, and strength
was calculated in newton-meters.

Pulmonary Function

Pulmonary function data were obtained using spirome-
try measurements (FEV1 and FVC) and whole-body pleth-
ysmography (lung volumes) (MasterScreen Body plethys-
mograph, CareFusion, San Diego, California) (Table 1).

Cardiopulmonary Exercise Test

Subjects performed a continuous incremental cycle pro-
tocol to volitional exhaustion using an electronically braked
cycle ergometer (Ergoselect 200, Ergoline, Bitz, Germany).
They performed a 3-min warm-up at 20 W, after which the
work load was increased each minute. Increments (from
10 to 20 W/min) were chosen according to disease severity
and sex, with the aim to obtain an exercise duration of
8–12 min. Subjects were instructed to maintain a cadence
of 60–70 rpm. They breathed through a mask that was
connected to a calibrated metabolic cart (Masterscreen
CPX, CareFusion, San Diego, California) permitting breath
by breath gas exchange measurement (see supplementary
materials at http://www.rcjournal.com).

Questionnaires

Habitual physical activity level was measured using the
AQAP questionnaire.24 HRQOL was assessed by the French
version of the CF questionnaire for adults (CFQ14�).25 A
mean global score was calculated for both AQAP and
CFQ14�. Self-esteem in the physical domain was assessed
using the French version of the physical self-perception
profile26 (see supplementary material).

Common Analysis for Exercise Tests

Heart rate and SpO2
(Bluenight Oximeter, SleepInnov

Technology, Moirans, France) were continuously moni-
tored during the STS test, 6MWT, and CPET. The differ-
ence between resting SpO2

and minimum SpO2
was calcu-

lated as an index of exercise-induced oxygen desaturation.
Exercise-induced hypoxemia was defined as a drop �4%,
calculated as resting SpO2

� minimum SpO2
.1 Before and

immediately at the end of each exercise test, subjects were
asked to rate their sensations of breathlessness and muscle
fatigue at peak exercise using the 15-point RPE (rated
perceived exertion) scale.1,27 As previously suggested in
patients with COPD, the 6MWD was multiplied by body
weight to provide an index of walk work, which is an
improved outcome measure for the 6MWT.16 STS repeti-
tions were also expressed as a product of body weight,
providing an index of total work and allowing optimal
comparisons between the relationships given by
6MWD � body weight and those given by STS repeti-
tions � body weight. All main outcomes, when applicable,
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Table 1. Subjects’ Baseline Characteristics and Questionnaires

Variables Values Range

Male/female sex, n 17/8
Age, y 30 � 9 18–45
Height, m 1.65 � 0.06 1.51–1.76
Body mass, kg 55.6 � 6.2 45.0–64.0
BMI, kg/m2 (% underweight)* 20.4 � 1.9 (16) 15.6–23.5
Pancreatic insufficiency, n (%) 22 (88) NA
CF-related diabetes, n (%) 7 (28) NA
Antibiotic therapy/y, n 1.2 � 1.6 0–7
P. aeruginosa infection, n

Chronic 23 NA
Intermittent 0 NA
Never 0 NA
Free 2 NA

CFTR genotype, n
Homozygote � F508del 12 NA
Heterozygote � F508del 10 NA
3659delC c.3528delC p:1717–1G�A c.1585–1G�A 1 NA
2183AA�G:G542X 1 NA
1677delta/1677delta 1 NA

Pulmonary function
FEV1, L 2.03 � 0.8 0.76–3.4
FEV1, % predicted 59.5 21.8–112.0
FVC, L 3.25 � 0.9 1.42–5.43
FVC, % predicted 80.5 42.3–125.1
FEV1/FVC,% 60.8 � 11.0 39.2–82.8
TGV, % predicted 127 � 24 92–175
RV, % predicted 197 � 60 105–336
TLC, % predicted 113 � 17 85–146

Questionnaires, median (IQR)
Physical activity level

Daily physical activity index 2.8 (2.0–3.1) NA
Sport index 3.0 (2.3–3.3) NA
Leisure-time index 3.3 (2.8–3.8) NA
Global score 9.0 (7.3–9.8) NA

HRQOL (CFQ14�)
Global score (%) 68.8 (56.3–73.8) NA

Physical self-perception profile
Global self-esteem 4.6 (3.4–5.2) NA
Physical self-worth 3.6 (2.8–4.4) NA
Endurance 3.0 (2.0–3.8) NA
Sports competence 2.3 (1.5–3.8) NA
Body appearance 4.3 (4.0–5.3) NA
Physical strength 2.3 (1.3–3.0) NA

Data are given as mean � SD with the range also displayed (unless otherwise stated) for demographic and pulmonary function data. Data are given as median (interquartile range) for questionnaires.
* Defined as BMI �18.5 kg/m2.
BMI 	 body mass index
NA 	 not applicable
CF 	 cystic fibrosis
CFTR 	 cystic fibrosis transmembrane conductance regulator
TGV 	 thoracic gas volume
RV 	 residual volume
TLC 	 total lung capacity
IQR 	 interquartile range
HRQOL 	 health-related quality of life
CFQ 	 cystic fibrosis questionnaire
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were expressed as percentages of predicted values (see
supplementary material).

Statistical Analysis

Statistical analyses were conducted with Statistica 8
(StatSoft, Tulsa, Oklahoma). Normality of distribution and
homogeneity of variances of main variables were verified
using Shapiro-Wilk and Levene tests, respectively. Skew-
ness was calculated as a measure of symmetry. Pearson
correlations were calculated to investigate whether any
relationship existed between main outcomes (ie, exercise
and lung function parameters). Associations between ques-
tionnaire scores and main exercise parameters were tested
by Spearman rank correlation analyses. When relevant,
effect size for the difference between 2 significant corre-
lations was calculated using Cohen’s q with the following
interpretation: �0.10 	 no effect; 0.10–0.30 	 small ef-
fect; 0.30–0.50 	 medium effect; �0.50 	 large effect.
Repeated-measures analysis of variance and Tukey post
hoc tests were performed to compare peak heart rate, ox-
ygen desaturation, and peak scores of breathlessness and
muscle fatigue between tests. All tests were 2-tailed, and
statistical significance was set at P � .05. Results are
given as mean � SD for baseline characteristics and ex-
ercise parameters. Questionnaire data, which should be
considered as ordinal (ie, use of an arbitrary numerical
scale for a given item), are given as median (interquartile
range). The study was powered to detect a significant cor-
relation of 0.65 or greater between STS repetitions and
quadriceps force28 with an � risk of 0.01 and power of 1 �
� 	 0.80, requiring a minimum of 22 subjects. The study
by Ozalevli et al28 was chosen because of its large sample
size. Post hoc power analysis based on the primary out-
come (ie, peak V̇O2

) was also computed using the findings
by Radtke et al15 (see supplementary material).

Results

The main subject characteristics are shown in Table 1.
All subjects (N 	 25) completed the 4 tests and the 3
questionnaires. All performed CPET to a maximal or near
maximal level according to the usual criteria (see supple-
mentary material). Exercise data are shown in Table 2.
STS repetitions were 71 � 12% predicted. The 6MWD
and quadriceps force were 90 � 10 and 93 � 29% pre-
dicted, respectively. Peak V̇O2

and peak work rate during
CPET were 62 � 16 and 74 � 18% predicted, respec-
tively. Peak heart rate during the STS test, CPET, and
6MWT were 71 � 9, 93 � 7, and 77 � 8% predicted,
respectively.

Comparisons Between Tests

Peak heart rate was lower during the STS test compared
with CPET (P � .001) and the 6MWT (P 	 .009) (Table
2). No differences were found between sensations of breath-
lessness and muscle fatigue scores at peak exercise for
each test (P ranging from .21 to .34). Both scores were
similar at peak exercise between the STS test and the
6MWT (muscle fatigue, P 	 .98; breathlessness, P 	 .77)
but were lower compared with scores obtained during CPET
(P � .001) (Table 2).

Oxygen desaturation during the STS test was lower com-
pared with CPET (P � .001) but not different compared
with the 6MWT (P 	 .59) (Table 2). Exercise-induced

Table 2. Subjects’ Responses to Exercise Testing

Exercise Test Mean � SD Range

CPET
Peak work rate, W 128 � 34 70–185
Peak work rate, W/kg 2.3 � 0.5 1.32–3.08
Peak V̇O2

, mL/min 1,486 � 419 730–2,277
Peak V̇O2

, mL/min/kg 26.6 � 6.5 14.9–42.2
Peak RER 1.18 � 0.08 1.02–1.34
Peak V̇E, L/min 63.2 � 19.2 31–103
V̇E/MVV, % 83.0 � 22.4 45–133
Peak heart rate, beats/min 171 � 14 143–192
Oxygen desaturation, % 7.4 � 5.1 0–18
Peak breathlessness 17.6 � 2.1 11–20
Peak muscle fatigue 17.9 � 1.9 12–20

STS test
Repetitions/min 40 � 7 29–56
Repetitions � weight, kg/min 2,199 � 392 1,519–2,898
Peak heart rate, beats/min 131 � 18 100–182
Oxygen desaturation, % 3.7 � 2.9 0–11
Peak breathlessness 12.8 � 2.6 7–18
Peak muscle fatigue 12.0 � 3.5 6–18

6MWT
6MWD, m 636 � 70 514–780
6MWD � weight, kg m 35,353 � 5,605 24,075–43,800
Peak heart rate, beats/min 141 � 16 119–178
Oxygen desaturation, % 4.5 � 3.7 0–17
Peak breathlessness 12.4 � 2.9 7–20
Peak muscle fatigue 11.9 � 3.1 6–17

Quadriceps force
MVC, newton-m 127 � 39 50–227
MVC, newtons 407 � 116 177–697

Data are given as mean � SD with the range also displayed unless otherwise stated.
CPET 	 cardiopulmonary exercise test
V̇O2 	 peak oxygen consumption
RER 	 respiratory exchange ratio
V̇E 	 minute ventilation
MVV 	 maximum voluntary ventilation
STS 	 sit-to-stand
6MWT 	 6-min walk test
6MWD 	 6-min walk distance
MVC 	 maximum voluntary contraction
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hypoxemia was detected in 9 subjects for the STS test, 11
subjects for the 6MWT, and 15 subjects for CPET. 89% of
subjects with a drop �4% of the resting SpO2

during STS
test had minimal SpO2

of � 90% during CPET. 91% of
subjects with a drop �4% of the resting SpO2

during the
STS test had minimal SpO2

of �90% during CPET.

Relationship Between Tests

Correlation analyses are shown in Table 3. STS repeti-
tions tended to be associated with peak V̇O2

(in mL min�1

kg�1, P 	 .062), without significant associations with
other main outcomes except for perceived physical strength
(P 	 .044) (Table 3). When expressed as a product of
body weight, STS repetitions had significant associations
with quadriceps strength, peak V̇O2

, peak work rate, and
self-esteem (Table 3). STS repetitions � body weight had
lower associations with peak V̇O2

(in mL min�1) and peak
work rate than 6MWD � body weight (Cohen’s q 	 0.30
[small effect] and 0.47 [medium effect], respectively).

Oxygen desaturation during the STS test was strongly
associated with oxygen desaturation during CPET (r 	 0.80,
P � .001, Fig. 1). This association was better than the

association between oxygen desaturation during the 6MWT
and oxygen desaturation during CPET (Cohen’s q 	 0.64,
large effect).

Table 3. Relationships Between STS Test and 6MWT and Main Study Outcomes

Variables
STS

Repetitions
6MWD

STS
Repetitions �

Weight

6MWD �
Weight

Pulmonary function and physical fitness outcomes, Pearson correlation coefficients
FEV1 (L) 0.16 0.47* 0.28 0.46*
FEV1 (% predicted) 0.20 0.39 0.18 0.24
Peak work rate (W) 0.15 0.54† 0.48* 0.76‡
Peak V̇O2

(mL min–1) 0.20 0.46* 0.56† 0.73‡
Peak V̇O2

(mL/min/kg) 0.38 0.53† 0.52† 0.54†
Quadriceps MVC (N) 0.17 0.17 0.52† 0.51†

Questionnaires, Spearman rank correlation coefficients
PA level (global score) 0.24 0.48* 0.46* 0.53†
HRQOL (global score) 0.22 0.20 0.37 0.41*
Global self-esteem 0.08 0.22 0.39 0.49*
Physical self-worth 0.26 0.27 0.52† 0.48*
Endurance 0.23 0.49* 0.39 0.53†
Sports competence 0.16 0.48* 0.58† 0.74‡
Body appearance 0.06 �0.11 0.24 0.17
Physical strength 0.41* 0.18 0.67‡ 0.47*

Data are Pearson correlation coefficients for pulmonary function and exercise test data and Spearman rank correlation coefficients for questionnaires.
* P � .05.
† P � .01.
‡ P � .001.
STS 	 sit-to-stand
6MWD 	 6-min walk distance
V̇O2 	 peak oxygen consumption
MVC 	 maximum voluntary contraction
PA 	 physical activity
HRQOL 	 health-related quality of life

Fig. 1. Relationship between oxygen desaturation during sit-to-
stand (STS) test and oxygen desaturation during cardiopulmonary
exercise test (CPET). For both tests, oxygen desaturation was
calculated as the difference between resting SpO2

and minimum
SpO2

reached during the test. The solid line is the best least-square
fit correlation. Curved dashed lines show 95% CI.
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6MWD � body weight had stronger associations with
peak V̇O2

(in mL min�1) and peak work rate than 6MWD
alone (Cohen’s q 	 0.43 and 0.39, respectively, both me-
dium effect). Peak V̇O2

and peak work rate during CPET
had the greatest number of significant associations with
items of HRQOL and physical self-perception (r range
0.41–0.80; see supplementary material).

Discussion

We found that (1) the STS is a submaximal test, as
indicated by submaximal perceived symptoms and cardiac
demand; (2) the STS test had positive associations with
indices of peak aerobic capacity, quadriceps strength, and
self-esteem but only when STS repetitions were expressed
as a product of body weight; (3) these associations were
weaker than those obtained from 6MWD � weight; and
(4) oxygen desaturation during the STS test was strongly
associated with oxygen desaturation during CPET.

STS repetitions were 71% of predicted in our CF pop-
ulation, suggesting the sensitivity of this test to detect
reduced physical fitness. Even though we did not include
a control group of healthy subjects, it is intuitive that the
large sample from which the equation used in our study
was derived20 should provide a more accurate reference
than a smaller number of matched controls. Reduced STS
performance was also consistently found in various chronic
diseases, including COPD.28 STS performance in 14 adults
with CF in the study by Radtke et al15 was �75th percen-
tile according to reference values.20 Even if within-subject
comparison may not be much affected in cross-sectional
(eg, relationship with other tests) or longitudinal designs
(ie, STS performance pre-post intervention) for a given
protocol, comparison between studies may be limited by
differences in subject characteristics and protocol modal-
ities (eg, nature and frequency of verbal encouragement).
Consensus guidelines for the full standardization of the
STS test are therefore needed to allow optimal between-
studies comparisons.

To be clinically meaningful, the STS test should dem-
onstrate significant associations with main outcomes of
the accepted standard exercise test (ie, CPET). Moreover,
if STS is intended to be used when CPET is not available
or cannot be performed (eg, in some severe patients), then
it should have comparable associations with CPET out-
comes as do conventional field tests, such as the 6MWT.
Previous studies in COPD16-18 suggested that the work
calculated as the product of 6MWD � body weight was an
improved outcome measure compared with 6MWD. Our
results, showing 6MWD � body weight as the strongest
correlate of peak V̇O2

, clearly extend this finding to the
adult CF population. Although the associations were
weaker, we found positive correlations between STS rep-
etitions � body weight and indices of peak aerobic capac-

ity. In a practical perspective, our results suggest that if
both the 6MWT and CPET cannot be included in a routine
basis, then STS repetitions � body weight outcome might
be a submaximal alternative to reflect the physical fitness
of a patient with CF. This alternative may be particularly
attractive for regular assessment of severe patients because
the STS test produces less hemodynamic stress compared
with 6MWT and CPET.

Limb muscle testing is of clinical importance in CF
because muscle weakness is prevalent in this population9

and is associated with exercise intolerance10 and reduced
HRQOL.5 Based on significant associations with quadri-
ceps strength,12,28 the STS test has been proposed as a
simple measure of lower-limb strength. We expressed STS
repetitions as a product of body weight because this factor
clearly influences STS performance. We found only a mod-
erate correlation between STS repetitions and quadriceps
strength. Compared with previous studies in COPD,12,28

our subjects had relatively preserved lower-limb strength,
and much lower inter-individual variability was found for
STS performance and quadriceps strength, thereby poten-
tially weakening the association between these parameters.
Moreover, previous studies did not use a reference method
to evaluate limb muscle strength (eg, manual force test-
ing28 or one-repetition maximum12), potentially leading to
inaccuracies affecting the relationship with STS perfor-
mance. Overall, the moderate association between the STS
test and quadriceps force in our study supports their con-
vergent validity. However, the magnitude of the correla-
tion is clearly inadequate to claim that these 2 measures
are merely describing the same construct in CF. This also
suggests that other factors probably contribute to STS per-
formance in CF, such as postural balance and quadriceps
endurance, both of which may be impaired in some pa-
tients.10,29 Further studies are necessary to identify the
factors explaining reduced STS performance in patients
with CF. It would also be of value to determine whether
STS repetitions are positively associated with anaerobic
capacity, an important contributor of many daily life ac-
tivities.

Possibly because maximal exercise involves the inte-
grated functioning of multiple organs in multisystem dis-
eases, such as CF, peak V̇O2

has been demonstrated as a
strong predictor of HRQOL.5 Our findings are in line with
this study and extend this association to measures of self-
esteem, which is also compromised in CF.30 These find-
ings underline the importance of a high level of peak aer-
obic capacity as a contributor to psychological and
sociological well-being. We found that both STS repeti-
tions and 6MWD, even when expressed as a product of
body weight, had only minor positive associations with
HRQOL and self-esteem. Thus, it can be speculated that
longitudinal improvement in submaximal indices of fit-
ness, without concomitant improvement in peak aerobic
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capacity, should not transfer to psychological and/or soci-
ological benefits in patients with CF.

Exercise-induced oxygen desaturation is common in pa-
tients with CF and cannot be accurately predicted from
resting SpO2

and FEV1.3 CPET is thus recommended to
identify exercise-induced hypoxemia.1 Detecting exercise-
induced oxygen desaturation and particularly patients with
a drop of SpO2

to �90% is of clinical importance because
it should guide the treatment for hypoxemia (ie, supple-
mental oxygen).1 Here, we found a strong correlation be-
tween oxygen desaturation during STS test and oxygen
desaturation during CPET and found that 
90% of sub-
jects with significant oxygen desaturation during the STS
test had a drop of SpO2

to �90% during CPET. Thus,
patients exhibiting significant oxygen desaturation during
the STS test may be at risk for severe hypoxemia, rein-
forcing the rationale for performing CPET. This finding
will require confirmation in a larger group of subjects.

There were some limitations to this study, potentially
inducing variability in the data and limiting comparison
with other studies. First, due to logistical and methodolog-
ical considerations, it was impossible to conduct a true
randomized counterbalanced design. Second, except for
quadriceps force assessment, each test was performed on
just one occasion for each subject (ie, cross-sectional), and
performance in some tests may have been be slightly af-
fected by daily changes in mucus accumulation and ad-
herence to medications. Last, even if all of these tests have
previously demonstrated satisfactory reliability, a learning
effect may be present for some tests, and performances
may have been slightly underestimated.

Conclusions

The STS test cannot be used as a substitute for CPET to
accurately assess maximal exercise tolerance in adults with
CF. The STS test may be useful in detecting patients with
CF who may exhibit a high level of oxygen desaturation
during heavy exercise. Considering its low hemodynamic
demand and its significant associations with important
physiological and psychological outcomes, STS repeti-
tions � body weight may still be an interesting submaxi-
mal parameter. However, further studies are mandatory to
specify the role of additional factors, such as postural bal-
ance and quadriceps endurance, in explaining STS perfor-
mance in CF.
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