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   ■  PURPOSE:     The modified shuttle test (MST) is increasingly used in clinical 
practice to assess functional capacity in patients with cystic fibrosis 
(CF). The purpose of this study was to evaluate the physiological 
responses of the MST in adults with CF as compared with the gold 
standard cardiopulmonary exercise test (CPET). 

    ■  METHODS:   Participants performed an MST and a CPET on a cycle 
ergometer in random order. Oxygen (O 2 ) uptake ( V·     O  2 ), carbon dioxide 
(CO 2 ) retention (end-tidal P CO  2 ; P ETCO  2 ), minute ventilation, heart rate, 
and peripheral O 2  saturation (Sp O  2 ) were continuously monitored. 
Whole blood lactate, dyspnea, and leg discomfort were recorded 
immediately after both exercises. 

    ■  RESULTS:   Twenty patients with CF (aged 33  ±  8 years; forced expiratory 
volume in 1 second  =  48%  ±  17%) completed both tests. Peak values 
for  V·      O  2  (27  ±  7 vs 24  ±  6 mL/kg/min), heart rate (169  ±  19 vs 163  ±  
16 bpm) and end P ETCO  2  (42  ±  7 vs 39  ±  8 mm Hg), and O 2  desatu-
ration (end Sp O  2 , 86%  ±  7% vs 90%  ±  6%) were significantly higher 
during the MST than during the CPET (all  P s  <  .05). Leg discomfort 
and whole blood lactate were significantly higher after the CPET (both 
 P s  <  .05). Thirty-five percent and 40% of patients showed significant 
O 2  desaturation and CO 2  retention, respectively, during the MST, 
which was not detected during the CPET. A strong relationship was 
found between MST peak  V·      O  2  and body weight walking distance 
product ( r   =  0.90;  P   <  .01). 

    ■  CONCLUSIONS:   The MST may provide a strong indicator of exercise toler-
ance in adults with CF as indicated by high peak  V·     O  2  values. In clini-
cal practice, body weight walking distance should be considered as 
the primary outcome. This test is also better than cycle ergometry 
CPET for detecting O 2  desaturation and CO 2  retention, further empha-
sizing its clinical interest.  

[AQ01]

  Physiological Responses of the 
Modified Shuttle Test in Adults With 
Cystic Fibrosis      

    Jean-Marc   Vallier   ,   MD, PhD   ;     Mehdi   Rouissi   ,   MSc   ;     Laurent   Mely   ,   MD   ;     Mathieu   Gruet   ,   PhD   

     Exercise has positive effects on many health outcomes 
in cystic fibrosis (CF), and higher levels of physical 
fitness are associated with better quality of life 1  and 
survival 2  in this population. A comprehensive and 
accurate assessment of exercise tolerance is thus fun-
damental in the clinical management of this popula-
tion, including exercise rehabilitation. Maximal cardi-
opulmonary exercise test (CPET) performed on a 

cycle ergometer with gas exchange measurements is 
the gold standard exercise test. However, many cent-
ers do not have the resources to routinely include the 
CPET 3  and performing the CPET using cycle ergome-
ters may not reflect habitual physical activity of some 
patients. Peripheral muscle fatigue is often an impor-
tant limiting factor during cycle CPET, 4  so patients 
with significant muscle weakness may not achieve 

JCRP-D-15-00078_LR   1JCRP-D-15-00078_LR   1 21/03/16   12:34 PM21/03/16   12:34 PM



Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

2 / Journal of Cardiopulmonary Rehabilitation and Prevention 2016;36:1-5 www.jcrpjournal.com

maximal cardiopulmonary stress. Moreover, treadmill 
walking tests are not interchangeable with hallway 
walking in patients with chronic respiratory disorders 5  
and thus may not be representative of real-life walk-
ing. Accordingly, it seems inappropriate to systemati-
cally generalize cycle ergometer CPET outcomes to 
everyday activities. 

 A number of field-based exercise tests have been 
used in CF, mainly because of their ease of use. The 
6-minute walk test (6MWT) and the 3-minute step test 
are among the most popular. 3  ,  6  However, each test has 
its own limitations. The 6MWT requires substantial 
space (ie, 30-40 m) and may be less responsive to treat-
ment than other externally paced tests. 7  The reliability 
of the 3-minute step test has not yet been established 
in adults with CF, and important information (eg, oxy-
gen [O 2 ] desaturation) may not be detected by this test. 8  
Eventually, both tests elicit submaximal responses and 
thus may not reflect the integrated response of the 
organism to exercise, nor identify the factors limiting 
exercise tolerance. 8  ,  9  The modified shuttle test (MST) is 
a field-based incremental walking/running test that is 
well-tolerated, reliable, and sensitive to antibiotic treat-
ment. 10  ,  11  This test is simple to perform, necessitates 
minimal space, and is externally paced. Despite being 
increasingly used in clinical practice, 3  only limited data 
are available on the physiological demands imposed 
on adults with CF during the MST. 

 The aim of the present study was to investigate the 
physiological responses of adults with CF during the 
MST as compared with the gold standard cycle ergom-
eter CPET. Because of the specific breathing pattern 
and important muscle mass involved during walking/
running, we hypothesized that the MST, as compared 
with the CPET, would (1) elicit at least similar peak O 2  
uptake ( V·      O  2  peak ); and (2) induce greater O 2  desatura-
tion and carbon dioxide (CO 2 ) retention.   

 METHODS 

 Twenty adults with CF were recruited from a regional 
cystic fibrosis unit (CRCM, Respiratory Rehabilitation 
Center, Giens, France). Diagnosis of CF was based on 
clinical features and genotyping, according to standard 
guidelines. The patients were in a clinically stable state 
and had neither contraindications for maximal exercise 
testing nor significant orthopedic limitations limiting 
their ability to exercise. All subjects gave their written 
informed consent for the study, which was conducted 
according to the Declaration of Helsinki and approved 
by the local institutional review committee. 

 Patients performed a CPET and an MST in random 
order during 2 separate days within 1 week. The CPET 
was performed using an electrically braked cycle 

ergometer (Ergoselect 100; Ergoline GmbH, Bitz, 
Germany). Absolute workload increments (similar for all 
subjects) were chosen to permit optimal comparison 
with absolute increments imposed by the MST. After a 
1-minute warm-up at 20 watts, the workload was 
increased by 6 watts per minute to obtain an exercise 
duration of at least 7 minutes in all patients, allowing 
optimal  V·      O  2  peak  determination according to recent rec-
ommendations. 12  Subjects were instructed to maintain a 
cadence of 60 to 65 rpm throughout the test. The MST 
was performed according to the 15-level protocol 
described by Bradley et al. 11  Briefly, patients were 
required to walk/run at increasing speeds back and forth 
along a 10-m corridor. The test started with a speed of 
1.8 km/h (level 1), followed by an increment of 0.6 
km/h at each level. Each minute, patients were told to 
go a little faster and reminded that they were allowed to 
run at any time. The test ended when they were unable 
to maintain the set pace. Total distance and body weight 
distance product were calculated from the MST, and 
peak workload was determined from the CPET. 

 Expired gases were continuously measured during 
both tests using a breath-by-breath telemetric system 
(K4b2; Cosmed, Rome, Italy). CO 2  production, minute 
ventilation (   V·    E ),    V·    O  2 , heart rate (HR) (RS 400; Polar 
Electro, Kempele, Finland), and peripheral O 2  satura-
tion (Sp O  2 ) (Onyx Vantage 9590; Nonin Medical, 
Minneapolis, MN) were continuously monitored. 
Ventilatory threshold (VT) was visually determined 
using the modified V-slope method and ventilatory 
equivalents. Maximal predicted voluntary ventilation 
(MVV) was estimated as 37.5  ×  forced expiratory vol-
ume in 1 second (FEV 1 ). The ratio peak  V·      E /MVV was 
calculated as an index of ventilatory limitation at peak 
exercise. Whole blood lactate was measured immedi-
ately after exercise from an ear-prick capillary sample 
and immediately analyzed using an enzymatic method 
(Lactate Pro; Arkray, Japan). Leg discomfort and dysp-
nea sensations at peak exercise were measured imme-
diately after both tests using a Borg 6-20 RPE scale. 
Significant O 2  desaturation was defined as a  > 5% fall 
of the resting Sp O  2  during the last minute of the CPET 
or MST. Significant CO 2  retention was defined as a rise 
of  ≥ 5 mm Hg of end-tidal P CO  2  (P ETCO  2 ) from the 
initial workload until the peak workload. 13  A test was 
considered to be at or near the maximal level if at 
least one of the following criteria was met: peak HR, 
 > 85% predicted; peak respiratory exchange ratio, 
 > 1.09; sensations of leg discomfort or dyspnea,  > 18.  

 Statistical Analysis 
 Normality of distribution and homogeneity of vari-
ances of the main variables were verified using a 
Kolmogorov-Smirnov test and a Levene test, respec-
tively. Paired  t  tests and linear regression were 
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performed to compare and investigate the relation-
ships between CPET and MST outcomes, respectively. 
Statistical significance was set at  P   <  .05. Results were 
reported as mean  ±  standard deviation.    

 RESULTS 

 Participant characteristics and exercise data are summa-
rized in the  Table . Eight patients had severe lung dis-

ease (defined as FEV 1   <  40% predicted), 8 had 
moderate lung disease (FEV 1  =  40-60% predicted), and 
4 had mild lung disease (FEV 1   >  60% predicted). 
Nineteen subjects had pancreatic insufficiency, and 5 
had CF-related diabetes. According to the criteria previ-
ously stated, all patients performed both tests at or near 
maximal exercise. Fifteen patients ran during the MST, 
all starting between the seventh and ninth levels.    V·    O  2  
( + 13.6%), respiratory rate ( + 7.0%), and HR ( + 3.7%) 
were significantly higher at peak exercise during the 

 T a b l e     • Participant Baseline Characteristics and Exercise Data a   

Participant Characteristics

Age, y 32.6  ±  8.3

Gender M/F, n 17/3

BMI, kg/m 2 21.2  ±  3.6

FEV 1 , L 1.78  ±  0.68

FEV 1 , % predicted 47.8  ±  17.0

FVC, L 3.15  ±  1.0

FVC, % predicted 71.5  ±  20.5

Genotype 9  ×   Δ F508del hom

7  ×   Δ F508del het

4  ×  other mutations

 Exercise Data  MST  CPET   P    Value 

MST distance, m 863  ±  311 … …

MST body weight distance, kg/m 51 761  ±  20 006 … …

CPET peak workload, watts … 105  ±  32

   V
·
   O  2  peak , mL/min 1 614  ±  456 1 421  ±  375  < .01

   V
·
   O  2  peak , % predicted … 56.4  ±  14 …

 V
·
     O  2  peak , mL/kg/min 26.6  ±  6.9 23.7  ±  5.8  < .01

Peak respiratory exchange ratio 1.18  ±  0.15 1.22  ±  0.09 .29

Ventilatory threshold, mL/min 1 065  ±  344 879  ±  221  < .01

Peak tidal volume, mL 1.49  ±  0.36 1.58  ±  0.50 .20

Peak respiratory rate, breaths/min 49.0  ±  8.4 45.8  ±  9.5 .02

Peak  V
·
     E , L/min 66.9  ±  20.1 64.0  ±  17.7 .32

Peak  V
·
     E /MVV, % 105  ±  23 101  ±  21 .37

End P ETCO  2 , mm Hg 41.9  ±  7.3 38.5  ±  7.7 .03

End Sp O  2 , % 85.8  ±  6.7 89.5  ±  6.1  < .01

Peak heart rate, bpm 169  ±  19 163  ±  16 .03

End-exercise lactate concentration, mmol/L 4.7  ±  1.5 5.9  ±  0.9  < .01

Borg Scale scores

 Dyspnea 17.0  ±  1.5 15.6  ±  2.5 .10

 Leg discomfort 13.9  ±  3.0 16.0  ±  2.5 .01

 Abbreviations: BMI, body mass index; CPET, cardiopulmonary exercise test; FEV 1 , forced expiratory volume in 1 second; FVC, forced vital capacity; MST, modi-

fied shuttle test; MVV, maximal predicted voluntary ventilation; P ETCO  2 , partial pressure of end-tidal carbon dioxide; Sp O  2 , peripheral oxygen saturation;    V
·
   E , 

minute ventilation;    V
·
   O  2  peak , peak oxygen consumption. 

  a Data are reported as mean  ±  SD, unless otherwise stated. 
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MST than during the CPET (all  P s  <  .05; Table). Peak 
lactate concentration ( + 25.5%) and peak exercise leg 
discomfort ( + 15.1%) were significantly higher after the 
CPET than after the MST (both  P s  <  .05; Table). It was 
possible to determine VT in 16 patients during the MST 
and 19 patients during the CPET. Eight patients showed 
significant O 2  desaturation during the CPET and 15 dur-
ing the MST. Seven patients (35% of the total popula-
tion) showed significant O 2  desaturation during the MST 
that was not detected during the CPET. Eight patients 
showed significant CO 2  retention during the CPET and 
14 during the MST. Eight patients (40% of the total 
population) showed significant CO 2  retention during the 
MST that was not detected during the CPET. Peak  V·      O  2  
during the MST (MST  V·      O  2  peak ) was strongly related to 
 V·      O  2  peak  measured during the CPET (CPET  V·      O  2  peak ;  r   =  
0.94;  P   <  .01). A stronger relationship was found 
between MST  V·      O  2  peak  and body weight distance product 
( r   =  0.90;  P   <  .01) than between MST  V·      O  2  peak  and total 
distance alone ( r   =  0.83;  P   <  .01). Individual kinetics of 
 V·      E  and  V·      O  2  during the MST are shown in the  Figure .     

 DISCUSSION 

 This study described physiological responses to the 
MST as compared with the gold standard CPET in 
adults with CF. The main results are as follows: (1) the 
MST elicits higher  V·      O  2  peak  and (2) is better at detecting 
O 2  desaturation and CO 2  retention in CF, compared 
with the CPET. 

 CPET  V·      O  2  peak  was 1.6  ±  0.5 L/min (56% of predicted 
values), which is consistent with previous studies 
investigating patients with CF with a similar degree of 
airway obstruction. 14  ,  15  The higher peak  V·      O  2  observed 
during the MST may be explained by the greater 
muscle mass involved in fast walking or running than 
in cycling on the ergometer. This assumption is sup-
ported by the higher peak HR values observed during 
the MST, resulting in increased muscle blood flow and 
the ability to match greater O 2  demand due to higher 
muscle recruitment. These results differ from previous 
results in chronic obstructive pulmonary disease 
(COPD), where  V·      O  2  peak  and HR were similar between 
the CPET and the MST. 16  In that study, the patients did 
not reach a speed requiring them to run and the MST 
was probably submaximal as indicated by low respira-
tory exchange ratio at peak exercise (ie, 0.82  ±  0.01). 
In the present study, 75% of patients reached speeds 
compatible with running, which may explain the 
greater cardiovascular demand of the MST in our 
study. As maximal exercise involves the integrated 
functioning of multiple organs in multisystem diseases 
such as CF, CPET  V·      O  2  peak  has been demonstrated to be 
one of the strongest markers of mortality in this popu-
lation. 2  In view of the high    V·    O  2  peak  values obtained 
during the MST, it is likely that this test has a high 
prognostic value in CF, which remains to be evaluated. 
As body weight of the patients directly affects the 
walking/running efficiency, we calculated body weight 
distance product during the MST, as recommended 
during the 6MWT in COPD. 17  This parameter demon-
strated a strong and better association with MST 
 V·      O  2  peak  than with distance alone, suggesting that body 
weight distance should be chosen as the primary out-
come of the MST. Larger studies across the spectrum 
of CF severity should be conducted to establish and 
validate an equation permitting to predict  V·      O  2  peak  from 
MST body weight distance. 

    V·    E  at peak exercise was not different between the 
MST and the CPET, despite slight differences in the 
breathing pattern (ie, similar tidal volume but slightly 
higher respiratory rate during the MST). Higher res-
piratory rate at peak exercise during the MST may be 
explained by a compensatory mechanism for the 
slightly higher sensation of dyspnea during this test. 
The absence of a difference in  V·      E  is probably due to 
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the fact that patients reached their theoretical ventila-
tory limits in both tests (ie, ratio of peak  V·      E /MVV 
 ≈ 100%). Overall, our results indicate that MST perfor-
mance is mainly limited by ventilatory factors whereas 
skeletal muscle function is also an important limiting 
factor during the CPET, as suggested by significantly 
higher perception of muscle fatigue and whole blood 
lactate as compared with the MST. Thus, these 2 tests 
measure different aspects of exercise tolerance in CF 
and should be considered complementary. 

 Another important result of the present study is the 
better ability of the MST to detect O 2  desaturation and 
CO 2  retention. This may have important clinical impli-
cations, as O 2  desaturation during locomotor exercise 
is related to prescribing/adjusting O 2  supplementation 
during ambulation and CO 2  retention during exercise 
predicts a more rapid decline in pulmonary function 
in CF. 13  The arm muscles are active during fast walk-
ing and this may trigger reflex impulses to the res-
piratory centers, potentially leading to dyssynchro-
nous breathing, and thus explains impairments in gas 
exchange during the MST. As fast walking and/or 
slow running are more representative of daily life 
activities than cycling, the MST should be a better 
alternative to the CPET to detect exercise-induced O 2  
desaturation and CO 2  retention. 

 It was possible to determine a VT in 80% of the 
patients during the MST. Exercise at VT (eg, HR at VT) 
is one of the most popular and effective strategies to 
individualize endurance exercise intensity in patients 
with chronic respiratory disorders. Since VT for a 
given individual depends on exercise modality (eg, 
cycling vs running), determination of VT during the 
MST should be useful for individualizing the walking 
or running (ie, depending on patient disease severity) 
component of endurance rehabilitation program. 

 In conclusion, this study has demonstrated physi-
ological adaptations peculiar to the MST in adults with 
CF. In a practical perspective, the body weight dis-
tance measured during the MST should be considered 
as the main outcome and measurement of O 2  desatu-
ration should allow for better detection of patients 
with CF who may exhibit O 2  desaturation during 
ambulation. The MST performed with gas exchange 
measurements should be a strong indicator of physical 
fitness as indicated by higher       O  2  peak  values and may 
provide useful information about the ventilatory pat-
tern and the likelihood of CO 2  retention during day-
to-day activities.      
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