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1 | INTRODUCTION

Abstract

Objective: To evaluate the reproducibility of the modified shuttle test (MST) and to
determine whether the test needs to be performed more than once to assess the
exercise capacity of children and adolescents with cystic fibrosis (CF).

Methods: This was a longitudinal study including patients diagnosed with CF aged
more than 6 years. The participants were followed for a period of 9 months and
were evaluated at three different time points (visits 1, 2, and 3). Spirometric, an-
thropometric, clinical, and genetic data were collected, and two MSTs were per-
formed at each visit.

Results: Forty-eight clinically stable volunteers with a mean age of 10.1 + 2.7 years
were initially included. The reproducibility of the test was evaluated using the
distance achieved (DA) as the main variable. There were no significant differences in
the DA (visit 1, p =.23; visit 2, p =.24; visit 3, p = .85), baseline heart rate (HR) (visit
1, p =.35; visit 2, p = .20; visit 3, p =.98), and peak HR (visit 1, p =.16; visit 2, p = .94;
visit 3, p =.23) between the tests performed at each visit. The test-retest reliability
demonstrated a high intraclass correlation coefficient at all visits (visit 1, 2, and 3:
0.83, 0.90, and 0.80, respectively) and the variation in HR was the main factor
associated with the DA in the MST over time.

Conclusion: The MST was found to be a reproducible and reliable test. The data
presented here support the use of a single MST to evaluate and monitor exercise

capacity of patients with CF during clinic visits.
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participation in daily living activities.> > In addition, recent evidence
shows that impairment of peripheral muscle function is an important

Cystic fibrosis (CF) is one of the most commonly inherited genetic
diseases causing progressive abnormalities, including complications
in the respiratory system, peripheral muscle physiology, and exercise
capacity.”” However, CF patients with high levels of physical activity
show improved lung function, low hospitalization rates, and high

systemic disorder caused by CF.° Therefore, the evaluation of ex-
ercise capacity is considered useful for obtaining information on
disease prognosis.” It can also be used to develop exercise programs,
monitor the effect of interventions, and measure the impact of dis-
ease on functional capacity and daily living activities.” ®
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The cardiopulmonary exercise test (CPET) is considered the gold
standard for assessing exercise capacity.” However, the specific
equipment to perform the test is expensive, restricting its general
use in the clinical follow-up of patients with CF.’® In this context,
field tests emerged as an alternative to assess exercise capacity,
considering that they are simple and easy to apply in clinical set-
tings.'®** The 6-min walk test (6MWT) is one of the most frequently

used field tests; although it uses a submaximal protocol,12

which may
not be suitable for individuals with mild lung disease.

On the other hand, the modified shuttle test (MST) is considered
a valid alternative for assessing exercise capacity in patients with
CF,%>' as it is an externally paced, incremental, and maximal exercise
test, with a protocol similar to that of CPET.**'> However, some
studies have suggested the need to perform at least two tests in the
first assessment, considering the possible learning effects to per-
formance the test demonstrated when evaluating patients with

141617 and no study to date has assessed the need

several diseases,
of using multiple tests for children and adolescents with CF.
Considering the complex dynamics of multiprofessional care in
specialized CF centers,*® performing two MSTs at one clinic visit is
often considered unrealistic. Therefore, the main purpose of the
present study was to assess the need of performing more than one
MST to evaluate the exercise capacity of children and adolescents
with CF. The subjects were followed during three consecutive clinic
visits to a specialized CF center, and the results of two tests con-
ducted on the same day and on different visits were compared; test
reliability was also assessed. We hypothesized that, considering the
main characteristics of the test protocol, a single test would be
sufficient and reliable to evaluate the exercise capacity of children

and adolescents with CF.

2 | METHODS

This was a prospective, longitudinal study that evaluated the re-
producibility of the MST over a period of 9 months of clinical follow-
up of children and adolescents with CF. The study was approved by
the Research Ethics Committee under registration numbers
54142716.8.3001.5119 and 1.753013. Patients and their legal
guardians were invited to participate in the study on the day of the
follow-up visit at the CF specialized center. After the agreement, the
consent form was signed, and the individuals included in the study
protocol.

The sample size estimate was based on reliability studies with
three repetitions per individual, using a minimum acceptable in-
traclass correlation coefficient (ICC) of 0.60 and an ICC of expected
reliability of 0.80. Therefore, a sample size of 33 subjects would
provide a power of 80%, with a significance level of 0.05.

Patients of both sexes, aged between 6 and 18 years, under
regular follow-up in a rare disease unit of a reference hospital par-
ticipated voluntarily. The exercise capacity was assessed by the MST,
and lung function was evaluated by spirometry. Both evaluations
were performed according to the guidelines of the American

Thoracic Society and European Respiratory Society (ATS/ERS).*”2°

Anthropometric, clinical, and genetic data were also collected, in-
cluding the type of mutation and chronic colonization by Pseudo-
monas aeruginosa, which was defined as the persistent presence of
the bacterium in the oropharynx swab or sputum culture for at least
6 months or in three consecutive samples.”’ Mutations were classi-
fied into three categories: F508del homozygote, F508del hetero-
zygote, and other mutations.

The evaluations were performed at each multiprofessional
clinic visit every 3 months. Each volunteer was followed for a
period of 9 months, resulting in three clinic visits (visits 1, 2, and
3). At visit 1, two MSTs were performed. Three months later, at
visit 2, the volunteers were reassessed using the same tests, and
at visit 3, 6 months after the first visit, the last set of evaluations
was performed. Only clinically stable children and adolescents
were included in the study; stable status was determined ac-
cording to the assessment of clinical signs of disease
exacerbation.?? Volunteers with pulmonary exacerbation and
musculoskeletal, neurological, and hematological alterations that

could interfere with the test results were excluded.

2.1 | Anthropometric data

Height was measured using a stadiometer (Caumaq LTDA) with
an accuracy of 1cm; volunteers were instructed to remove their
shoes and position themselves with their feet parallel and arms
at the sides of the body. Weight measurements were performed
in an orthostatic position with minimal clothing, using a balance
(IPD7000 Standard) previously calibrated to 50 g. The body mass
index (BMI) was calculated using the weight and height (kg/m?)
values, and the WHO Anthroplus program was used to calculate

the Z-scores.

2.2 | Exacerbation of clinical signs

To assess the presence of exacerbation, the criterion of Fuchs et al.??
was used. The presence of four or more clinical signs from among 12

possible ones was indicative of exacerbation.??

2.3 | Lung function

Lung function was assessed according to the ATS/ERS re-
commendations.?’ The spirometric variables analyzed were forced
expiratory volume in the first second (FEV,), forced vital capacity
(FVC), forced expiratory flow between 25% and 75% of vital capacity
(FEF259-75%), and the FEV,/FVC ratio. They were obtained from the
maximum expiratory flow-volume curves based on the values re-
corded by a Jaeger FlowPro spirometer (Erich Jaeger GmbH). The
results were presented as percentages of values calculated using an
international reference equation.?®
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24 | Modified shuttle test

The MST was performed using the 15-level shuttle test protocol,
as described by Bradley et al.?* The test was carried out in a
10-m corridor, delimited by cones, which had to be bypassed by
the participants. The initial walking speed was 0.5 m/s, with in-
crements of 0.17 m/s at each level change, indicated by a triple
beep. Each participant underwent the test twice, with an interval
of at least 30 min between each test or when the vital signs after
the first test had returned to baseline values. Oxygen was of-
fered if required.’” Both tests were performed by the same
physiotherapist. The participants were instructed to walk or run
and maintain the speed by following the sound signals; standar-
dized phrases were used at each level change to encourage
them.?* The test was stopped if pale appearance or oxygen sa-
turation below 85% was observed or if the participant was un-
able to complete the course twice in a row, according to the
rhythm of the audio signals. Peripheral oxygen saturation (SpO,)
(INC Model 2500 A Pulse Oximeter; Nonim Medical) and heart
rate (HR) (POLAR ElectroOy, Model 90440) were constantly
monitored. Respiratory rate, systolic blood pressure, diastolic
blood pressure (DBP), and subjective effort (Borg scale)?® were
assessed before and after each test. The distance achieved (DA)
was expressed in meters and normalized using reference va-
lues.** The maximum oxygen consumption (VO,) was estimated

using a previously published equation.?”

2.5 | Statistical analysis

The quantitative variables were presented as mean and SD. The
Student t test for paired samples was used to compare the data
(DA and HR) observed during the tests performed on the same
day. For comparison of data recorded over time, data from the
best test (greater of the two DA values) was used and analysis of
variance for repeated measures was performed, followed by the

[ Enroliment ] Assessed for eligibility

Bonferroni posttest. For the MST reliability, using the DA as the
main variable, the ICC was used, according to the following
classification: excellent (ICC 20.90), high (0.90>I1CC >0.70),
(0.70>1CC 20.40), and low (ICC<0.40).>® The
Bland-Altman analysis was used to identify the accuracy and

moderate

agreement between two tests performed on the same visit.
Statistical significance was set at an alpha level of p <.05. Finally,
preliminary regression models Generalized Estimating Equations
- GEE were used to evaluate longitudinally the factors associated
with the variation of the DA in the MST over time. Only variables
with a p value of <.05 remained in the final adjustment. The data
were analyzed using SPSS version 22.0 (IBM).

3 | RESULTS

A total of 48 children and adolescents (60.4% male) with CF, mean
age of 10.1+ 2.7 years, were included at visit 1. After 3 months, at
visit 2, 44 were evaluated, as four participants were excluded be-
cause of exacerbation. At visit 3, nine more patients were excluded,
and a total of 35 participants were evaluated. A flowchart of patient
selection is presented in Figure 1.

Regarding the characteristics of the sample, 54% of the partici-
pants showed the F508del heterozygotic genetic mutation, and
16.5% showed chronic colonization by P. aeruginosa. The mean per-
centage predicted FEV4 (%FEV,) was 73.5 +21.9, and the mean BMI
(Z-score) was -1.26 £5.3. The characteristics of the samples are
presented in Table 1.

When comparing the two tests carried out at the same visit,
no significant differences were found in baseline HR (visit 1:
p =.35; visit 2: p=.20; visit 3: p=.98), peak HR (visit 1: p=.16;
visit 2: p=.94; visit 3: p=.23), and DA (visit 1: p=.23; visit 2:
p =.24; visit 3: p=.85) (Figure 2). The Bland-Altman plot shows
the mean+SD with a 95% confidence interval (Clgsy) of the
difference in the DA between test one (T1) and test two (T2)
from each visit. From visit 1; 23+ 134 m (Clgsy: —16-62 m), visit

(n=60)
Excluded (n=12)
>~ Not meeting inclusion criteria
[ Allocation ] A (n=10) »
Allocated for Visit 1 “ Declined to participate (n=2)
(n=48)
»| Excluded
“ Presence of exacerbation (n=4)
[ Follow-Up ] A 2
Visit 2 (n=44)
»| Excluded
" Presence of exacerbation (n=9)
Visit 3 (n=35)

FIGURE 1 Flowchart of the study
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TABLE 1 Characteristics of the study sample (A) 250-
Variables evaluated n=48
. 200 -
Demographic
Age (years) 10.1+2.7 150-
Male, n (%) 29 (60.4) §_ p=0.35 =020 =0.98
Anthropometric 100
Height (cm) 139.7+15.1 504
Weight (kg) 32.9+10.1
BMI (Kg/m?) 16.7+3.5 0
BMI (Z-score) -126+53 Tlﬁsi t 1T? T\1/|s'rt 22 Tcﬁsn 22
Genotyping
F508del Homozygous, n (%) 15 (30.6) (B) 2501
F508del Heterozygous, n (%) 26 (54.1) B _ _
Other mutations, n (%) 7 (14.5) 2004 £0‘16 j)io'g‘t _;])_:0.23
Chronic airway colonization 1504
Pseudomonas aeruginosa, n (%) 8 (16.6) §_
Lung function 1001
FEV; (L) 1.6+0.6 50
FEV; (% predicted) 73.5+21.9
FVC (L) 20+0.7 0
FVC (% predicted) 84.2+20.9 T:ﬁsit 1_2 T\1/|Sit 22 T\1ﬁsit22
FEV4/FVC (absolute) 79.78 = 6.95
FEV1/FVC (% predicted) 84.2+210 ©) 40004
FEF25%,75% (L/mln) 1.5+0.8
FEF 259759 (% predicted) 59.5+315 8004 p=0.23
—_ p=0.24 p=0.85
Note: Values expressed as mean + SD. £ 600
Abbreviations: BMI, body mass index; FEF,54_759: forced expiratory flow 3
between 25 and 75% of vital capacity; FEV4, forced expiratory volume in ﬁ 400
one second; FVC, forced vital capacity. 8
200
2; -18.7+102m (Clgse: -41-13m), and visit 3; 10+145m ™ T2 ™ T2 ™ T2
(Clgsy: =39-60 m). No differences (meters) were found between Visit 1 Visit 2 Visit 3
T1 and T2 on visit 1 (23+134; Clgse: -16-62; p=.24), visit 2
FIGURE 2 Comparisons between two modified shuttle tests

(-18.7 £102; Clgsg: —41-13; p =.23), and visit 3 (10 + 145; Closo:
-39-60; p =.67) (Figure 3).

When comparing the best physiological responses to the test at
each visit, no significant differences were observed, except for the
Borg Scale (p=.05) and DBP (p=.01), but the differences did not
seem to be clinically relevant (Table 2).

The test-retest reliability of the MST was evaluated using the DA
at each test. The ICC was calculated for each visit, and high coeffi-
cients were obtained for all visits (3, 6, and 9 months: 0.83, 0.90, and
0.80, respectively), indicating good reliability. Similar results were
observed when the ICC for the best DA at each visit was calculated
(0.84) (Table 3).

In the multivariate analysis, the DA (p =.065) and the variation in
HR (p =.320) did not change over time. In the final regression model,
only the variation in HR was associated with distanced changes in
the MST. The increase of one unit in the variation of the HR causes
an increase, on average, of 4.5m in the DA in the MST (95% ClI:
3.4-5.7) p<.001.

performed in the same clinic visit. (A) Resting heart rate. (B) Peak
heart rate. (C) Distance achieved. The Student t test for paired
samples was used. Bpm, beats per minute; T1, test 1; T2, test 2

4 | DISCUSSION

The main findings of the present study confirm the hypothesis that it
is not necessary to perform the MST more than once in the eva-
luation of the exercise capacity of children and adolescents with CF.
There were no statistically or clinically relevant differences in the DA
values obtained at the two tests performed at visit 1, indicating good
test-retest reliability of the MST. This finding is of clinical interest,
considering the complex dynamics of multidisciplinary follow-up
visits to specialized centers for patients with CF.

The study by Coelho et al.® on the accuracy of MST performed in
children and adolescents with CF and healthy volunteers aged be-
tween 7 and 15 years concluded that a second test is important, as
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FIGURE 3 Bland-Altman plot showing the individual differences between the two tests (T1 and T2), versus mean values of distance
achieved. (A) Visit 1; (B) visit 2; (C) visit 3. The central line indicates the mean difference between paired measurements and the above/below
lines indicate upper limit and lower limit with the 95% limits of agreement.

healthy participants experienced difficulties in learning the test and
covered a greater distance in the second MST. A difference of 48 m
was observed in the DA values between the two tests.® However, the
group with CF did not have the same difficulties in understanding the
MST, as the difference in their DA values was only 16 m (non-
significant). In the present study, the participants had no difficulties
in performing the test, and no significant differences in the distance
covered were found over time to justify the performance of another

test. These findings are in accordance with the results of Bradley

Variables evaluated Visit 1 (h=48)  Visit 2 (n=44)
Baseline
HR (beats/min) 98.0+ 128 96.3+10
SBP (mmHg) 93.7+94 925+8.6
DBP (mmHg) 60.0+5.0 58.1+6.8
SpO, (%) 96.3+£2.3 962+22
RR (rpm) 23.0+6.5 21.7+4.6
Borg 0.1+0.4* 0.5+0.8*
Peak exercise
MST level 8.1+15 7.6+15
MST distance (m) 588.5+168.4 543.4+161.8
MST distance (% predicted) 58.25+18.25 52.85+18.73
VO, estimated (ml/kg/min) 3148+ 3.0 30.62+3.0
HR (beats/min) 175.9+18.9 174.6 £ 18.6
VHR (beats/min) 76.6+24.3 75.6+21.08
SBP (mmHg) 111.0+10.7 109.0+12.7
DBP (mmHg) 66.0+7.0* 61.5+6.4*
SpO,, (%) 927+47 92.8+49
RR (rpm) 37.0+£6.9 37.3+7.9
Borg 6.1+25 58+26

et al.>* who evaluated adults with CF who were already familiar with
the MST at two visits with an interval of 4-14 days. They concluded
that when evaluating exercise capacity, a single MST is sufficient for
obtaining precise results, since there were no pronounced variations
in the DA values between the two visits.

In the study by Corral et al.,?’

involving children and adolescents
with CF, two MSTs were performed at two visits with an interval of
4 days; they concluded that a difference of 97.08 m between the two

DA values recorded after a specific intervention period?’ indicated a

Visit 3 (n=35) p Value TABLE 2 Physiological responses to
the modified shuttle test

948+ 10,8 42

96.0+9.7 21

58.3+6.4 .30

96.0+20 71

20.5+5.7 12

0.5+0.8 .05*

77+16 .33

558.5+165.3 41

55.30+21.36 .96

30.64 + 3.0 &3

175.2+18.3 .94

80.3+20.1 .64

112.1+12.3 .50

64.0+8.23 .01*

91.8+5.1 .59

51.8+73.1 .23

62+22 77

Note: Values expressed as mean + SD. One-way ANOVA followed by the Bonferroni posttest.

*Statistical significance set at p <.05.

Abbreviations: ANOVA, analysis of variance; DBP, diastolic blood pressure; HR, heart rate;

MST, modified shuttle test; rpm, respirations per minute; RR, respiratory rate; SBP, systolic blood
pressure; SpO,, peripheral oxygen saturation; VHR: variation of heart rate (HR peak exercise - HR

baseline); VO,, oxygen consumption.
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TABLE 3 Reliability of the distance achieved in the modified
shuttle test (MST) in each clinic visit and between different visits

Intraclass correlation coefficient

(Icc)*
Same visit
Visit 1: T1xT2 0.83 (0.70-0.90)
Visit 2: T1xT2 0.90 (0.80-0.94)
Visit 3: T1xT2 0.80 (0.60-0.90)

Between visits (best test of
each visit)

Visit 1 x visit 2 x visit 3 0.84 (0.70-0.90)

Note: *Values expressed as ICC (95% confidence interval). T1: test 1; T2:
test 2.

clinically significant difference. According to the ATS/ERS,'? the
minimum distance indicating clinical improvement after an inter-
vention in adult patients is 47.5m in the incremental shuttle test
(ISWT). In the present study, the highest variation in the DA was
45m, and age did not affect distance variability. We assessed pa-
tients with CF using three distinct evaluations (clinic visits) with a
minimum interval of 3 months between them. Although we specu-
lated that the 3-month interval between tests could be an important
factor in reducing reproducibility, which would reinforce the re-

quirement of two tests in each evaluation,**!

our results strongly
refuted this assumption, as the longitudinal follow-up of patients
with stable CF disease showed that one MST is sufficient to assess
the patient's exercise capacity.

HR response is an important variable of the MST that indicates
the cardiopulmonary performance of patients with CF.? In the pre-
sent study, no significant differences were found in the HR among
the three different evaluations, demonstrating that the cardiac
overload was similar in the test-retest over time. Lans et al.>? as-
sessed adults with heart failure using the 6MWT at 3-, 6-, 9-, and
12-month follow-up visits and evaluated the HR responses over time
and the findings of these authors were similar to those of the present
study. For these patients, the long-term response to exercise does
not require two tests, as cardiac overload did not vary significantly
between tests. Bradley et al.?* found no significant differences in the
HR at rest and HR at peak exercise in adults with CF. The findings of
these authors are similar to ours and confirm that the long-term
evaluation of the response to exercise does not require the perfor-
mance of two tests as the cardiac overload did not vary significantly
between the evaluations.

CPET is carried out frequently to assess exercise tolerance in
patients with chronic lung disease, as its results are directly asso-
ciated with morbidity and mortality according to functional impair-
ment.”**> However, considering the complexity of the evaluation and
the available resources, this tool is still not regularly used in spe-
cialized CF centers.'®® Similar to many CPET protocols, MST uses
an incremental maximum protocol®>** that is externally controlled
by an audio signal, making it possible to estimate the maximum
oxygen consumption (VOomay).2>?” Indeed, the test has already been

validated for adults,®* adolescents, and chidren,® making it a good
alternative to clinical field tests, and it is reproducible in the as-
sessment of children and adolescents with mild respiratory disease.*”
The systematic review by Parreira et al.>¢ indicates that MST is a
reliable test for the evaluation of chronic respiratory diseases. It is
reproducible in healthy children®” and in children with CF but not in
children with significant pulmonary impairment.”?>3°"3¢ The find-
ings of the present study confirm the good reproducibility of the
MST in children and adolescents with mild pulmonary impairment.
We believe that the sound signal used during the MST is a key factor
contributing to the high reliability, as the external beep controls the
participant's rhythm.>®> The sound enables a controlled increase in
speed,* which minimizes the rhythm change during the test, re-
gardless of the participants' motivation, and may help reduce the
learning effects, as demonstrated in the present study.

The reliability of the MST in children and adolescents with CF is
still poorly described, although it is well documented in the adult
population with CF.?***"%? The present results demonstrated that
the MST has high test-retest reliability and high reproducibility be-
tween tests applied over time. These results are similar to the find-

ings of Corral et al.?’

in a sample of children and adolescents with CF,
although the interval between tests was shorter. This may have
contributed to the maintenance of test performance and the good
reliability. Studies have shown that HR behavior is an important in-
dicator of functional performance in the MST.??! Reports have
shown that the increase in resting HR is associated with a reduction
in the DA in patients with CF.°° In the present study, when the
determinants of the DA over time were evaluated, this association
was also observed. The variation in HR assessed by the difference
between peak and baseline HR may be considered as an indicator of
overload with direct repercussions on the DA in the MST.

The present study also has limitations, including the absence of
gas analysis, which could precisely detect exercise intolerance.
However, as a field test, the MST is intended to be an alternative in
clinical practice whenever the gold standard CPET is not possible or
available, allowing the estimation of exercise capacity through the
DA and the evaluation of the cardiopulmonary performance through
the chronotropic response. The fact that the study sample consisted
of patients with mild pulmonary impairment may have also influ-
enced the results, as the exercise response may vary according to
disease severity.

In conclusion, our results indicate that a single MST is sufficient
in the evaluation of children and adolescents with CF. MST is con-
sidered a reproducible and reliable test for this population. The
cardiovascular variables and DA are the most appropriate test
variables for monitoring the performance of this population

over time.
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