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ABSTRACT
Introduction: The modified shuttle test-15 (MST-15) is a valid alternative for assessing exercise capacity when a cardiopulmo-
nary exercise testing is not feasible. This study aims to describe the percentage of healthy and cystic fibrosis (CF) children and 
adolescents reaching the MST-15 ceiling. Additionally, it examines associations between MST-15 distance and demographic, 
anthropometric, and lung function data.
Methods: This retrospective cross-sectional study involved 286 healthy volunteers (11.5 ± 3.3 years) and 70 CF patients (11.9 ± 
4.4 years). Data on age, gender, weight, height, body mass index, lung function, and MST-15 were collected. The ceiling effect 
was determined by the absolute and relative number of participants reaching the 15th level. Univariate linear regression and 
correlation analyses were conducted to explore associations with MST-15 distance.
Results: A ceiling effect for the MST-15 was found in 19 healthy participants (6.6%) and 1 CF patient (1.4%). The ceiling effect 
was correlated with age (r = 0.777 for healthy; r = 0.538 for CF), with no cases under 10 years and reaching 25% in healthy 
participants aged 17-19. Regression analysis showed significant associations between age and MST-15 distance in healthy par-
ticipants (β = 53.6) and CF patients (β = 32.1). Additionally, sex was significantly associated with MST-15 distance in healthy 
participants (β = 107.0), and FEV1 with MST-15 distance in CF patients (β = 31.0).
Conclusions: The ceiling effect on the MST-15 is age-dependent, with no occurrences observed in children under 10 years and 
a gradual increase in incidence as participants age.
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What is already known?

•	 The	modified	shuttle	test-15	(MST-15)	 is	a	valid	alternative	for	
assessing	 exercise	 capacity	 when	 a	 cardiopulmonary	 exercise	
test	is	not	feasible	or	recommended,	but	it	may	be	submaximal	
for	some	children	and	adolescents.

What does the study add?

•	 The	ceiling	effect	on	the	MST-15	is	age-dependent,	with	no	occur-
rences	 in	children	under	10	and	gradually	 increasing	with	age.	
The	MST-15	effectively	evaluates	functional	exercise	capacity	in	
most	children	and	adolescents	with	CF.

protein results in a multisystemic disease, leading to obstruc-
tion in secretory glands (1). As the disease progresses, exer-
cise capacity declines due to a multifactorial etiology (2), 
including chronic infection (3), lung function impairment (4), 
peripheral muscle dysfunction (5), and ventilation impair-
ment (6). This reduced exercise capacity is associated with 
a higher risk of hospitalization for pulmonary exacerbations 
(7) and a poorer prognosis leading to increased mortality (8).

International guidelines strongly recommend including 
exercise capacity assessments as a standard component in 
regular evaluations for individuals with CF (9). The gold stan-
dard for assessing exercise capacity is the cardiopulmonary 
exercise test (CPET), despite its logistical limitations such 
as testing time, space, cost, and the need for specialized 

Introduction
Cystic fibrosis (CF) is a hereditary, autosomal recessive 

disease caused by a mutation in the gene responsible for 
encoding the cystic fibrosis transmembrane conductance 
regulator protein (CFTR). The absence or dysfunction of this 
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expertise (10). Cost-effective alternatives encompass field 
tests like the six-minute walking test (6MWT) and the shut-
tle tests (9). While the 6MWT has been thoroughly studied, 
the physiological responses vary when compared to a CPET, 
mainly because the former involves submaximal effort, espe-
cially in patients with low-severity disease. In contrast, the 
shuttle tests stand out as validated incremental protocols 
designed to assess maximal exercise capacity (11).

The original shuttle test consisted of 12 levels (ST-12) 
of progressively increasing speed, covering a 10-m distance 
until the subject could no longer maintain the pace or expe-
rienced fatigue, dyspnea, or signs of alertness (12). The ST-12 
was developed for adults with chronic obstructive pulmonary 
disease and later validated for application in children with CF 
(13). Given that the ST-12 did not elicit a maximal response 
in patients with minimal disability, it was modified by adding 
three levels and allowing patients to run (14–16). Despite this 
expansion, the 15-level modified shuttle test (MST-15) may 
still be a submaximal test for some patients, limiting its appli-
cability for those with high exercise capacity. Subsequently, 
a novel version, the 25-level modified shuttle test (MST-25), 
has been developed (17,18).

To date, only two reports have identified a ceiling effect 
for the MST-15. The first, a conference abstract, reported a 
ceiling effect in 6% of adult CF patients and 31% of healthy 
peers (17). The second found that 40% of children and ado-
lescents with CF reached the 15th level of the MST-15 (18). 
However, these findings are based on either the authors’ 
clinical experience (17) or small sample sizes (18), which may 
introduce bias into the results. Our hypothesis is that the 
impact of the ceiling effect of the MST-15 in children and ado-
lescents is relatively low, even within a cohort encompassing 
both CF and healthy individuals. Therefore, this study aims 
to provide a description of the percentage of healthy and 
CF children and adolescents reaching the ceiling of the MST-
15. New evidence on the topic may help to guide healthcare 
professionals in choosing adequate tests to evaluate exercise 
capacity. Secondarily, we examine the associations between 
MST-15 distance and demographic, anthropometric, and lung 
function data.

Methods
A retrospective cross-sectional study was conducted on 

previously collected data from the Pediatric Physical Activity 
Laboratory. The sample of healthy participants from our 
database comprised volunteer children and adolescents of 
both genders from public and private schools in Southern 
Brazil, who met the following inclusion criteria: (i) age 
between 6 and 19 years, (ii) body mass index (BMI) between 
the 5th and 85th percentile (19), (iii) absence of chronic or 
acute neurological, orthopedic, respiratory, cardiac, or endo-
crine diseases contraindicating participation in school physi-
cal education, and (iv) forced expiratory volume in 1 second/
forced vital capacity (FEV1/FVC) above the lower limit of 
the reference values (20). Patients of both sexes diagnosed 
with CF were recruited from databases of two specialized CF 
centers, as a part of clinical assessments or annual reviews, 
based on the following inclusion criteria: (i) confirmed CF 

diagnosis through genetic testing, (ii) age between 6 and 
19 years, and (iii) regular follow-up at two specialized CF cen-
ters. Patients were excluded if they exhibited signs of hemo-
dynamic instability (altered blood pressure or heart rate (HR) 
responses), exacerbation of respiratory symptoms within 
the last 30 days (increased cough and expectorated sputum, 
changes in secretion, a decline in lung function by more than 
10%), and/or osteoarticular or musculoskeletal changes that 
could interfere with the performance of the test. None of the 
participants were under use of CFTR modulator therapy. 

Demographic (age and gender) and anthropometric 
(weight, height, BMI) data were collected from all partici-
pants. Weight measurement was conducted in an upright 
position using a calibrated digital scale (G-tech, Glass 1 FW, 
Rio de Janeiro, Brazil, or 110 F, Welmy, São Paulo, Brazil) with 
a precision of 100 g. Height was obtained with a portable sta-
diometer (AlturaExata, TBW, São Paulo, Brazil), accurate to 
1 mm, and participants were barefoot. BMI was calculated 
and expressed in kg/m². For participants with CF, additional 
clinical and genetic data were presented. Pseudomonas	
aeruginosa chronic colonization was defined as the persis-
tent presence of the bacterium in the oropharyngeal swab or 
sputum culture for at least 6 months or in three consecutive 
collections (21).

Lung function assessments were performed through 
spirometry using a KOKO spirometer (Louisville, CO, USA), 
following the criteria established by the American Thoracic 
Society-European Respiratory Society (ATS/ERS) (22). The 
parameters under evaluation encompassed FVC, FEV1, the 
FEV1/FVC ratio, and forced expiratory flow between 25% and 
75% of FVC (FEF25–75%). Data were presented in absolute val-
ues, z-scores, and as a percentage of predicted values derived 
from an international reference equation (23).

The MST-15 was conducted following the guidelines 
outlined by the ATS/ERS (24). Participants were advised to 
abstain from vigorous physical activity, avoid consuming 
caffeine within the 24 hours leading up to the test, ensure 
a minimum of 8 hours of sleep the night before, and have 
a light meal. A 10-m circuit was demarcated by two cones 
positioned at a 9-m distance, leaving half a meter on each 
side to account for the change of direction. Participants navi-
gated the circuit at a pace signaled by an acoustic cue. The 
initial speed was set at 0.5 m/s and increased by 0.17 m/s 
at each level until the completion of the test. Initial instruc-
tions and encouragement during the test adhered to stan-
dardized protocols. The test was finished under the following 
circumstances: the participant failed to reach the cone on 
two consecutive occasions, the participant did not sustain 
the required speed, the participant reached the maximum 
distance of 1,500 m, or the participant exhibited peripheral 
oxygen saturation (SpO2) below 85%. Prior to the commence-
ment and upon completion of the test, measurements were 
taken for HR, SpO2 (Nonin®, Minneapolis, USA), blood pres-
sure (BIC sphygmomanometer, Itupeva, Brazil), and the mod-
ified Borg scale score for dyspnea (rated from 1 to 10). HR 
and SpO2 were continuously monitored throughout the test. 
The distance covered in the test was calculated by counting 
the total number of laps and expressed in meters and as a 
percentage of predicted values (25).
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The normality of the data was assessed using the 
Kolmogorov-Smirnov test, and the results were reported by 
presenting the mean and standard deviation or median and 
interquartile range, according to distribution. Categorical 
variables were expressed as absolute and relative frequen-
cies. Comparisons between groups were performed using 
the Student’s t-test or the Mann-Whitney U-test. A linear 
regression analysis was conducted to assess the association 
of sex, age, BMI (z-score), and FEV1 (z-score) with the distance 
covered in the MST-15. For each variable, β-coefficients were 
presented along with their 95% confidence intervals and the 
associated p-values. Additionally, a correlation analysis was 
performed to examine the relationship between age and dis-
tance covered in the MST-15 for both the CF group and the 
healthy group, with p-values reported. Pearson correlation 
coefficients were categorized as low (r = 0.0 to 0.3), moderate 
(r = 0.3 to 0.7), or high (r = 0.7 to 1.0). Scatter plots illustrating 
the linear relationship between age and distance covered in 
the MST-15 were also presented for both groups. In all cases, 
significance was considered when p ≤ 0.05. 

Results
The healthy participant group included 286 volunteers, 

comprising 140 males with a mean age of 11.5 ± 3.3 years. 
Spirometry parameters indicated normal lung function, as 
expected (FEV1 103.0 ± 16.8% of predicted and FVC 98.9 ± 
16.6% of predicted). The CF sample comprised 70 individuals, 
with a mean age of 11.9 ± 4.4 years, consisting of 47 males. 
Genotyping revealed that over half of the participants had a 
heterozygote F508del mutation (57.1%), and 12 were chroni-
cally colonized by P.	 aeruginosa. Spirometry assessments 
indicated a mild decline in lung function, with a mean FEV1 
of 77.2 ± 23.9% of the predicted, while FVC was 83.8 ± 20.9% 
of the predicted.  The characteristics of the study sample are 
shown in Table I.

In the MST-15, healthy participants achieved a mean level 
of 12.7 ± 1.5, covering a distance of 1065.9 ± 232.9 m (110.2 
± 23.5% of the predicted), while participants with CF attained 
an average level of 10.5 ± 2.1 and covered a distance of 760.5 
± 261.3 m (71.2 ± 21.2% of the predicted). All parameters 
related to the evaluation of exercise capacity using the MST-
15 are presented in Table II. 

A ceiling effect for the MST-15 was observed in 19 (6.6%) 
participants in the healthy group and in only 1 (1.4 %) patient 
in the CF group. For healthy participants, we conducted a 
subgroup analysis by age, categorizing individuals into the 
following age ranges: 6–10, 11–13, 14–16, and 17–19 years. 
Our findings showed that the ceiling effect was age-related, 
with higher occurrences in older participants, while no cases 
were observed in those under 10 years. Figure 1 illustrates 
the percentage of healthy participants exhibiting the ceiling 
effect on the MST-15 across each age group. This analysis 
was not performed in the CF group, as only one participant, 
an 18-year-old male, reached the 15th level. In addition, the 
correlation analysis between age and distance covered in the 
MST-15 (Fig. 2) revealed a high correlation for the healthy 
group (r = 0.777; p < 0.001) and a moderate correlation for 
the CF group (r = 0.538; p < 0.001). 

TABLE 1 - Characteristics of the study sample

Variables Healthy
(n = 286)

CF
(n = 70)

p-Value

Demographics

Age (years) 11.5 ± 3.3 11.9 ± 4.4 0.446

Male, n (%) 140 (49.0) 47 (67.1) 0.006

Anthropometrics

Weight (kg) 43.3 ± 16.5 39.3 ± 15.3 0.061

Height (cm) 146.3 ± 17.8 145.6 ± 17.4 0.755

BMI (kg/m2) 19.5 ± 4.2 17.0 ± 3.4 0.002

BMI (z-score) 0.3 ± 1.1 −0.5 ± 1.2 <0.001

Genotyping

F508del homozygous, n (%) – 19 (27.1) –

F508del heterozygous, n (%) – 40 (57.1) –

Other mutations, n (%) – 11 (15.7) –

PA	chronic	airway	
colonization,	n (%)

– 12 (17.1) –

Lung	function

FEV1 (L) 2.5 ± 0.9 1.9 ± 0.9 <0.001

FEV1 (% predicted) 103.0 ± 16.8 77.2 ± 23.9 <0.001

FEV1 (z-score) 0.3 ± 1.4 −1.9 ± 2.0 <0.001

FVC (L) 2.8 ± 1.0 2.4 ± 1.1 0.002

FVC (% predicted) 98.9 ± 16.6 83.8 ± 20.9 <0.001

FVC (z-score) −0.1 ± 1.4 −1.42 ± 1.8 <0.001

FEV1/FVC (absolute) 0.9 ± 0.1 0.8 ± 0.1 <0.001

FEV1/FVC (% predicted) 103.5 ± 8.4 90.6 ± 12.8 <0.001

FEV1/FVC (z-score) 0.7 ± 1.5 −1.0 ± 1.5 <0.001

FEF25-75% (L/min) 3.1 ± 1.0 1.9 ± 1.2 <0.001

FEF25-75% (% predicted) 105.6 ± 22.8 65.6 ± 37.8 <0.001

FEF25-75%  (z-score) 0.9 ± 11.5 −1.9 ± 2.1 0.044

BMI = body mass index; CF = cystic fibrosis; FEF25-75% = forced expiratory flow 
between 25% and 75% of vital capacity; FEV1 = forced expiratory volume in  
1 second; FVC = forced vital capacity; PA = Pseudomonas	aeruginosa. 
Significant values (p ≤ 0.05) are highlighted in bold.

Table III displays the association of the MST-15 dis-
tance with demographic, anthropometric, and lung func-
tion variables, using a univariate linear regression analysis. 
The analyses revealed significant associations between age 
and MST-15 distance for both healthy (β-coefficient = 53.6, 
p < 0.001) and CF groups (β-coefficient = 32.1, p < 0.001). 
Additionally, we identified significant associations between 
sex and MST-15 distance for the healthy group (β-coefficient 
= 107.0, p < 0.001) and between FEV1 and MST-15 distance 
for the CF group (β-coefficient = 31.0, p = 0.05).
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TABLE 2 - Evaluation of the exercise capacity using the modified 
shuttle test

Variables Healthy
(n = 286)

CF
(n = 70)

p-Value

Rest

HR (bpm) 94 ± 11 93 ± 15 0.686

SpO2 (%) 98 ± 1 97 ± 2 <0.001

SBP (mmHg) 110 ± 12 98 ± 14 <0.001

DBP (mmHg) 74 ± 8 62 ± 9 <0.001

Borg for dyspnea 0 (0-0) 0 (0-0) <0.001

Peak	exercise

HR (bpm) 202 ± 8 178 ± 17 <0.001

SpO2 (%) 98 ± 2 93 ± 4 <0.001

SBP (mmHg) 137 ± 22 118 ± 23 <0.001

DBP (mmHg) 82 ± 12 68 ± 9 <0.001

Borg for dyspnea 6 (4-10) 5 (5-8) 0.123

MST-15 level 13 ± 2 11 ± 2 <0.001

MST-15 distance (m) 1069 ± 226 761 ± 261 <0.001

MST-15 (% of predicted) 110.5 ± 22.8 71.2 ± 21.2 <0.001

CF = cystic fibrosis; DBP = diastolic blood pressure; HR = heart rate; MST-15 = 
15-level modified shuttle test; SBP = systolic blood pressure; SpO2 = periph-
eral oxygen saturation. 
Significant values (p ≤ 0.05) are highlighted in bold.

FIGURE 1 - Ceiling effect in healthy participants on the 15-level 
modified shuttle test (MST-15) by age group. 

Discussion
The results obtained in the present study reveal that 1.4% 

of CF participants and 6.6% of healthy children and adoles-
cents reached the end of the 15th level of the MST-15. Our 
findings further indicate that the ceiling effect is age-depen-
dent, with no evidence of a ceiling effect observed in par-
ticipants younger than 10 years and a maximum of 25% in 
healthy participants aged 17 to 19. 

FIGURE 2 - Scatter plot of age and distance covered in the 15-level 
modified shuttle test (MST-15) for healthy and cystic fibrosis groups.

The ERS recently updated its guidance and standard oper-
ating procedures for functional exercise testing in CF. The 
ERS now recommends using the MST-15 for patients with 
moderate to severe lung disease, and the MST-25 for those 
with mild-to-moderate lung disease, considering the possibil-
ity that some individuals may complete the MST-15 without 
reaching their exercise capacity limits (9). Our findings sug-
gest that, even among healthy participants with preserved 
lung function, the 15 levels of the MST-15 are sufficient to 
assess exercise capacity in children under 10 years. However, 
consideration should be given to extending the MST-15 as 
children transition into adolescence, as a ceiling effect (up to 
25%) may occur. It is important to note that our cohort did 
not include healthy or CF adults. Therefore, the incidence of 
the ceiling effect in this population warrants further investi-
gation to enhance understanding of its impact on the MST-15 
within a broader demographic.

Our results contrast with a recent study reporting 
that 40% of children and adolescents with CF reached the 
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maximum level in the MST-15, indicating a high ceiling effect 
(18). While no clear or definitive factors explain these dis-
crepancies, some considerations may shed light on the 
observed variations in the proportion of children and adoles-
cents demonstrating a ceiling effect across our study and that 
previous report (18). Differences in sample characteristics 
could play a role, as a smaller sample size (n = 20 vs. n = 70) 
might not capture the broader clinical variations seen in typi-
cal practice. Additionally, it is possible that a higher exercise 
capacity (mean MST-25 distance of 1408 ± 298 m) and the 
introduction of new CFTR modulator therapy in 55% of the 
sample could have contributed to the observed high exercise 
performance (18). 

Various demographic and clinical variables demonstrated 
associations with the distance covered in the MST-15. In both 
healthy children and those with CF, age was significantly 
associated with the distance covered during the test, with 
a greater effect observed in the healthy group compared 
to the CF group. As expected, the simultaneous growth in 
height and muscle mass with age leads to a corresponding 
increase in exercise capacity. These findings align with previ-
ous reports indicating that age is a variable contributing to 
the prediction of exercise capacity in pediatrics (26-28). Our 
findings also demonstrate that, in healthy subjects, age is a 
key determinant of exercise performance, exhibiting a more 
consistent linear relationship with the distance covered. In 
contrast, the weaker association between age and distance 
in the CF participants is likely due to disease-related fac-
tors that may overshadow the linear relationship between 
age and exercise capacity. In the healthy group, sex was also 
associated with the MST-15 distance, which can be explained 
by boys generally having greater muscle mass compared to 
girls (29). However, sex was not associated with MST-15 per-
formance in the CF group, contrary to a previous study that 
indicated sex plays a role in predicting exercise capacity in 
patients with CF (28). The fact that sex was not associated 
with the distance achieved in the CF group, along with the 
lower associations between age and MST-15 distance com-
pared to the healthy group, could be attributed to the greater 
impact of lung function on exercise capacity in children and 
adolescents with CF. This aligns with previous findings that 
report a moderate to strong correlation between FEV1 and 
MST-15 (14, 15, 30), while other studies show a moderate 
correlation only among patients with FEV1 < 67% of predicted 

(27, 28). It has been suggested that exercise intolerance in 
patients with CF may depend more on FEV1 in those with 
severe lung disease, while in those with mild-to-moderate 
lung disease, the limitation may be more related to the mag-
nitude of ventilatory responses to exercise (30). Surprisingly, 
the β-coefficient for BMI (z-score) did not demonstrate signif-
icant association with the distance covered in the MST-15 for 
either the healthy or the CF group. This result contradicts a 
study of prediction equations for MST-15 distance in children 
and adolescents, where sex, age, and BMI accounted for 48% 
of the variability in MST-15 performance (25).

In this rapidly changing landscape for CF, characterized by 
the increasing implementation of CFTR modulator therapy, it 
may be needed to reevaluate the applicability of field tests, 
including the MST-15. The use of CFTR modulator therapy 
could potentially lead to a long-term improvement in func-
tional capacity and could significantly increase exercise capac-
ity beyond the expected (31, 32). It has been observed that 
many patients with CF, as part of their disease management, 
engage in a significant amount of physical activity, often sur-
passing even their healthy peers (33). High levels of physical 
activity contribute to preserving exercise capacity in children 
and adolescents with CF (34), despite exhibiting lower ven-
tilatory efficiency and reduced respiratory reserve during 
exertion (6). In individuals with mild-to-moderate lung dis-
ease who followed exercise recommendations before start-
ing CFTR modulator therapy, lung function and ventilatory 
responses to exercise are likely to normalize. This could lead 
to a significant enhancement in exercise capacity, prompt-
ing the utilization of MST-25 whenever CPET is not available. 
Therefore, the MST-25 could be considered an alternative to 
the MST-15 for managing potential unpredictable increases 
in exercise capacity, especially in adolescents. Nonetheless, 
it is also important to highlight that CFTR modulator ther-
apy is not available worldwide, as well as there are patients 
ineligible or considered as non-responders for the use of the 
therapy (35).

Field tests will continue to have an important value in 
assessing functional exercise performance, especially when 
CPET is not available or recommended. MST-15 has dem-
onstrated excellent reliability (14-16); a good correlation 
between distance covered and peak oxygen consumption 
(VO2peak), HR, and breathlessness assessed in CPET (36); a 
minimal clinically important difference (MCID) of 97 m (37); 

TABLE 3 - Association of the modified shuttle test distance with anthropometric and lung function variables

Healthy
(n = 286)

CF
(n = 70)

Variables β-coeff 95% CI p-Value β-coeff 95% CI p-Value

Sex (male) 100.7 49.4 to 152.0 <0.001* 93.9 −37.8 to 225.6 0.16

Age (years) 53.4 48.4 to 58.5 <0.001* 32.1 20.0 to 44.3 <0.001*

BMI (z-score) 9.3 −15.0 to 33.6 0.45 13.8 −37.6 to 65.1 0.59

FEV1 (z-score) −18.5 −36.6 to −0.3  0.55 31.0 −0.4 to 62.4 0.05*

β-coeff = β-coefficient; 95% CI = 95% confidence interval; BMI = body mass index; CF = cystic fibrosis; FEV1 = forced expiratory volume in 1 second. 
*Significant association (p ≤ 0.05) using a linear regression model.
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responsiveness to antibiotic therapy (15); and predictabil-
ity of risk for hospitalization (38). Although MST-25 has also 
shown good reliability and correlation with VO2peak in chil-
dren with CF (18), further research is required to define its 
psychometric properties, responsiveness, and MCID before 
standardizing its usage, as well as larger sample size stud-
ies allowing results to be generalizable to the CF population. 
While other 20-m shuttle tests are available (13, 39), they are 
typically regarded as impractical in most clinical settings.

Limitations
A limitation of this study is the lack of measurements 

regarding the physical activity levels of the participants, ham-
pering our ability to assess the influence of this variable on 
MST-15 performance. Additionally, none of the participants 
with CF had initiated CFTR modulator therapy, preventing 
us from examining the treatment’s influence on the ceiling 
effect of the MST-15.

Conclusion
The results obtained in the present study indicate that 

the ceiling effect on the MST-15 is age-dependent, with no 
occurrences observed in children under 10 years and a grad-
ual increase as participants age. Furthermore, our findings 
indicate that MST-15 efficiently evaluates functional exercise 
capacity in most children and adolescents with CF. Until fur-
ther evidence to support the use of alternative field tests are 
available, the MST-15 remains a valid option for assessing 
functional exercise capacity, particularly in younger children, 
when the gold standard is unavailable or not recommended.  
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