ﬁ.
&
Swansea University ‘Cronfa

Prifysgol Abertawe Setting Research Free

Cronfa - Swansea University Open Access Repository

This is an author produced version of a paper published in:
Journal of Sport and Health Science

Cronfa URL for this paper:
http://cronfa.swan.ac.uk/Record/cronfa49612

Paper:

Winn, C., Mackintosh, K., Eddolls, W., Stratton, G., Wilson, A., McNarry, M. & Davies, G. (2019). Effect of high-
intensity interval training in adolescents with asthma: the eXercise for Asthma with Commando Joe's® (X4ACJ) trial.
Journal of Sport and Health Science

http://dx.doi.org/10.1016/j.jshs.2019.05.009

© 2019. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
http://creativecommons.org/licenses/by-nc-nd/4.0/

This item is brought to you by Swansea University. Any person downloading material is agreeing to abide by the terms
of the repository licence. Copies of full text items may be used or reproduced in any format or medium, without prior
permission for personal research or study, educational or non-commercial purposes only. The copyright for any work
remains with the original author unless otherwise specified. The full-text must not be sold in any format or medium
without the formal permission of the copyright holder.

Permission for multiple reproductions should be obtained from the original author.

Authors are personally responsible for adhering to copyright and publisher restrictions when uploading content to the
repository.

http://www.swansea.ac.uk/library/researchsupport/ris-support/


http://cronfa.swan.ac.uk/Record/cronfa49612
http://dx.doi.org/10.1016/j.jshs.2019.05.009
http://www.swansea.ac.uk/library/researchsupport/ris-support/ 

Accepted Manuscript

Sport Health Science

Effect of high-intensity interval training in adolescents with asthma:
the eXercise for Asthma with Commando Joe's® (X4ACJ) trial

Charles O.N. Winn, Kelly A. Mackintosh , William T.B. Eddolls ,
Gareth Stratton , Andrew M. Wilson , Melitta A. McNarry ,
Gwyneth A. Davies

PIl: S2095-2546(19)30071-7

DOI: https://doi.org/10.1016/j.jshs.2019.05.009
Reference: JSHS 536

To appear in: Journal of Sport and Health Science
Received date: 5 November 2018

Revised date: 15 February 2019

Accepted date: 15 March 2019

Please cite this article as: Charles O.N. Winn, Kelly A. Mackintosh, William T.B. Eddolls,
Gareth Stratton, Andrew M. Wilson, Melitta A. McNarry , Gwyneth A. Davies , Effect of high-
intensity interval training in adolescents with asthma: the eXercise for Asthma with
Commando Joe's® (X4ACJ) trial, Journal of Sport and Health Science (2019), doi:
https://doi.org/10.1016/j.jshs.2019.05.009

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.



ACCEPTED MANUSCRIPT

Highlights:

e Adolescents with asthma have similar aerobic fitness to their non-asthma peers
e High-intensity interval training (HIIT) may prevent increases in body mass index

e HIIT is equally effective at increasing aerobic fitness, regardless of asthma status
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Abstract

Background: Higher levels of cardiorespiratory fitness are associated with reduced
asthma severity and increased quality of life in those with asthma. Therefore, the
purpose of this study was to evaluate the effectiveness of a 6-month high-intensity

interval training (HIIT) intervention in adolescents with and without asthma.

Methods: A total of 616 adolescents (334 boys; 13.0 + 1.1 years; 1.57 + 0.10m; 32.6
+ 12.9kg, mean = SD), including 155 with asthma (78 boys), were recruited as part

of a randomized control trial from 5 schools (4 control, 1 intervention).” The 221
intervention participants (116 boys; 47 asthma) completed 6 menths of school-based
HIT (30mins, 3 times per week, 10-30s bouts at >90% age-predicted maximum
heart rate with equal rest). At baseline, mid-intervention, post-intervention and 3-
month follow-up, measurements for 20-metre shuttle run, body mass index (BMI),
lung function, Pediatric Quality of Life-Tnventory, Paediatric Asthma Quality of Life
Questionnaire and Asthma Control Questionnaire were collected. Additionally, 69
adolescents (21 boys; 36 asthma),also completed an incremental ramp test. For
analysis, each group’s data'(intervention and control) was divided into those with

and without asthma:

Results: Participants with asthma did not differ from their peers in any parameter of
aerobic'fitness, at any time-point, but were characterised by a greater BMI. The
intervention elicited a significant improvement in maximal aerobic fitness but no
change in sub-maximal parameters of aerobic fitness, lung function or quality of life,
irrespective of asthma status. Those in the intervention group maintained their BMI,
whereas BMI significantly increased in the control group throughout the 6-month

period.
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Conclusions: HIIT represents an effective tool for improving aerobic fitness and
maintaining BMI in adolescents, irrespective of asthma status. HIIT was well
tolerated by those with asthma, who evidenced a similar aerobic fitness to their

healthy peers and responded equally well to a HIIT programme.

Keywords: Body mass index; Cardiorespiratory fitness; Intermittent exercise; Interventio

Quality of life. Q



1. Introduction

The prevalence of asthma and obesity have both risen dramatically over the past
few decades, making them 2 of the most common chronic conditions in the UK."?
This concomitant rise has led to suggestions that the two may be causatively
linked,™* with overweight and obesity more prevalent in those who suffer from
asthma.’ Cardiorespiratory fitness has been suggested to be a key influential factor in
the relationship between asthma and obesity,6 although the nature and extent of'this
influence remains to be elucidated. Indeed, the influence .of wasthma on
cardiorespiratory fitness requires clarification, with little seonsensus currently
available in the literature.”” ™" These equivocal findings may-be-attributable, at least
in part, to the exercise testing methodologies used to“determine cardiorespiratory
fitness. Specifically, some studies reporting alewer aerobic fitness in those with
asthma have used indirect estimates obtained fronrtests such as the 20-metre shuttle

11,12
run test.

Recent reports have highlighted the limitations associated with this
measure,” issues that may be exacerbated in those with asthma given the commonly
cited fear of exercisednduced” bronchoconstriction,' leading to erroneous
conclusions with regard to the pathophysiological influence of asthma. It is also
pertinent to note the exelusive focus on peak oxygen uptake (VO,) in earlier studies
concerning the influence of asthma on aerobic fitness. Whilst this is accepted as a

strong prognestic tool in many clinical conditions,” it lacks direct applicability to

many everyday functional abilities.

16-18

In addition to providing improvements in fitness, exercise may elicit

additional health benefits in those with asthma, such as reduced symptoms and

19-2

severity and an improved quality of life. ! Specifically, a higher level of aerobic

fitness in children is associated with a better quality of life,”” while a greater Body



mass index (BMI) is related to a poorer quality of life.”*** Therefore, these measures
should be targeted in future exercise interventions aimed at improving a population’s
quality of life. However, whilst adolescents with asthma have identified exercise as
one of their favourite activities,"* few adolescents actively engage in exercise on a
regular basis.” This may be attributable to the use of conventional, moderate-
intensity, continuous exercise in previous exercise interventions in children with
asthma.?** Winn et al."* recently reported that adolescents with asthma prefer varied
exercises, such as circuits or team games, with apprehension expressed towards
long-distance running. Indeed, such variation would avoid monotony during
sessions, which is associated with increased dropout rates.”

High-intensity interval training (HIIT) has received,considerable attention in
recent years because it has been identified as a time-efficient method of exercise that
can elicit significant improvements in both cardiorespiratory fitness and body
composition in youth.”’*® Given the potential relationship between asthma, obesity
and fitness and the decreased likelihood of exercise-induced bronchoconstriction due
to its intermittent nature,” HIIT represents a promising management strategy for
those with asthma. However,iit is important to acknowledge that some studies have
raised concerns /tegarding the safety of HIIT, suggesting that it may be an
inappropriat¢ exercise modality for non-athlete populations.30 In contrast to these
concerns, children with asthma have previously been reported to tolerate HIIT
similarlypto their healthy peers.m‘31 Furthermore, whilst comparable data is not
available in youth with asthma, healthy children and adolescents perceive HIIT as
being more enjoyable to participate in compared to constant-intensity exercise,’”
with enjoyment a key component in eliciting the effort required for reaching high

intensities.** Indeed, in adults with asthma, interval exercise is associated with lower



ratings of perceived exertion and dyspnoea, which is likely due to the rest periods.™
Whether HIIT is similarly perceived to be enjoyable among adolescents with asthma
remains to be elucidated, and the debate will continue regarding whether HIIT is
associated with feelings of considerable discomfort that would prevent long-term
adherence.*

Therefore, the aim of the present study was to ascertain the effectiveness of
6-month, field-based HIIT intervention in adolescents with asthma compared to,their
healthy peers. Furthermore, a secondary aim of this study was to uSe a 3-month
follow-up to determine the sustainability of any adaptations elicited by the
intervention. It was hypothesized that HIT would lead “to improvements in
cardiorespiratory fitness and quality of life and a reduction in' BMI in adolescents,
irrespective of asthma, but that these beneficial adaptations would be lost within 3
months following the intervention cessation: Thi§ is the first study to implement a
HIIT intervention in adolescents with asthma, which may be less monotonous than
traditional continuous intensity<exercise. If no differences are evident between
participants with and withoutasthma, this will aid in informing future interventions
for those with asthmasand to- reduce stigmatisation and exclusion of those with
asthma from everydayhactivities. Moreover, identifying a non-pharmacological
intervention/to reduce asthma symptoms and improve control and quality of life

would be valuable.

2. Materials and methods
2.1. Experimental design

The eXercise for Asthma with Commando Joe’s® (X4ACI) programme used in

this study was a randomized control trial. Cluster randomization was used to select 1



intervention and 4 control schools in South Wales, matched for free school-meal
status. The exercise intervention began at the start of the school year in September
and ended in March, with data collection continuing to July. Ethical approval was
granted by Swansea University Medical School and the College of Engineering
research ethics committees (ref: 140515 and PG/2014/29). Parent/guardian and head
teacher written consent, in addition to child written assent, were obtained prior te

participation.
2.2. Participants

To calculate the number of participants required to power, the intervention
study, the Paediatric Asthma Quality of Life Questionnaire was used as the primary
outcome variable. It was calculated that, to achieve'80% power with an effect size of
0.5 which is deemed the minimal change' considered clinically significant
(confidence level 0.05), a sample of 132sparticipants would be required. Due to the
prevalence of asthma and the pragmatic nature of only being able to conduct the
intervention in one school, /44y participants with asthma were required for the
intervention, with the remaining 88 with asthma required as controls. To increase the
statistical power of‘theistudy, two healthy participants were sought to be recruited for
every adolesgent with-asthma from both the intervention and the control schools. For
the more sensitive sub-sample measures, to achieve an 80% power and 0.05
confidence level, eight participants were required in each group. In total, 616
adolescents (334 boys; Table 1), of which 155 had asthma (78 boys), agreed to
participate in the study. A total of 221 participants (116 boys) were recruited from
the intervention school, of which 47 suffered from asthma (24 boys). Asthma
severity was assessed using the Global Initiative for Asthma guidelines3 ¢ and was

classified as mild, moderate or severe according to the medication step required to



achieve asthma control. For the purpose of analysis, moderate and severe asthma
were grouped to power the statistics. Participants were excluded if they did not have
stable asthma (» = 3), if the participant had been admitted to hospital due to their
asthma in the last 6 weeks, visited their doctor because of their asthma becoming
worse in the last 3 weeks, had a severe attack of asthma due to exercise or if they had

ever been admitted to Intensive Care because of their asthma.
2.3. Intervention

The intervention design was devised based on formative work."* The
intervention consisted of a 6-month HIIT programme, delivered.by a Commando
Joe’s” personal trainer, involving 30-min sessions threétime$ per week (Monday,
Wednesday and Friday). Participants were able tolattend sessions before or after
school but were asked to attend only 1 session per day. The sessions consisted of a
combination of circuits and game-basedractivities (Table 2) lasting between 10 and
30 sec, followed by an equal period ofest (1:1 work-to-rest ratio). Throughout each
exercise bout, participants were asked-to exercise maximally, with exercise activities
designed to elicit a heatt rate (HR) of > 90% of heart rate maximum (HR ).’
Maximal HR wasspredicted according to Tanaka, et al.*® whose predictions have
been validated forsuse in children and adolescents.” During each session the
participants” "HR® was continuously monitored (Activio Sport, Activio AB,
Stockholm, Sweden, and those who were not achieving the target HRs were
individually encouraged to do so. Attendance and effort were further incentivised by
a reward-based system whereby those who regularly engaged were entered into a
prize drawing at the mid- and end-intervention points. Those in the control group

engaged in their usual day-to-day activities.



2.4. Procedures

Measurements were taken from both intervention and control groups at 4 time-
points (baseline, mid-intervention, post-intervention and 3-month follow-up)

irrespective of condition.
2.4.1. Anthropometrics

Stature and body mass were measured according to the techniques outlined by
the International Society for the Advancement of Kinanthropomefry.” Stature,
sitting stature and waist circumference were measured to the nearest 0.1 cm
(Seca213; Seca GmbH, Hamburg, Germany) and body mass to the nearest 0.1 kg
(Seca876; Seca GmbH). BMI was subsequently calculated,and grouped using age-
and sex-specific child percentiles.” Maturity offset.was calculated according to
Mirwald et al.,** lower limb length was caléulated as the difference between stature

and sitting stature
2.4.2. Lung Function

Forced Expiratory Volume in 1 second (FEV)), Forced Vital Capacity (FVC),
FEV/FVC ratio, Peak Expiratory Flow (PEF) and Forced Expiratory Flow between
25%—75% of'vital capacity (FEF,s_75) was measured using a portable dry spirometer
(Alpha Spirometer; Vitalograph Ltd., Buckingham, UK). Participants were asked to
sit Upsstraight, breathe in as deeply as possible, place their lips around the
mouthpiece tube and, when they were instructed, “blow out” into the mouthpiece as
hard and as fast as possible until no further air could be exhaled; this was explained
and demonstrated before the test. Each participant was asked to complete 3

“acceptable” tests, defined as each exhalation being within 5% of the other 2. The



best of the 3 acceptable measurements was used, as recommended by the American
Thoracic Society guidelines® and by the standardised protocol.* The best value was

then expressed as a percentage of the age-sex-stature predicted value.*’
2.4.3. Fractional Exhaled Nitric Oxide (FeNQO)

FeNO was measured prior to spirometric testing. The FeNO test was performed
in accordance with the American Thoracic Society guidelines.46 Participants were
asked to completely exhale and then inhale to total lung capacity throughythe device
(NIOX MINO; Aerocrine AB, Solna, Sweden) before immediately exhaling for 10 s
at 50 £ 5 ml/s. Visual and audio cues were provided by the computer software
throughout. One test was completed at all time-points exeept the 3-month follow-up.

The final 3 sec of exhalation were evaluated.
2.4.4. Asthma control

Asthma control was assessed using the Asthma Control Questionnaire (ACQ),"
which consists of 7 items focusingion/reliever inhaler use and symptoms over the
previous week and the participants” FEV| score. Items on the ACQ are scored from 0
to 6, with ACQ sceres of < 0.75 or > 1.5 indicating well controlled and poorly
controlled asthmasrespectively. The ACQ has been validated in children between the
ages of 6.andy16 years*’ and was found to be responsive to change in asthma control
with a minimal important difference of 0.52 + 0.45. Internal consistency for the
ACQ{ measured using Cronbach’s alpha coefficients,* was deemed acceptable (a =

0.73-0.82).



2.4.5. Asthma-related quality of life

The Paediatric Asthma Quality of Life Questionnaire (PAQLQ) was used to
compare the asthma-specific quality of life between those in the intervention and the
control groups, as well as to assess the changes over the course of the intervention.
Specifically, the participants were asked to recall the previous week in response to
23 questions (scored on a Likert scale from 1 to 7), with a higher score indicative of
a better asthma status. The PAQLQ questions are divided into 3 domains; including
activity limitations (5 questions), symptoms (10 questions) and emotionalfimnetion (8
questions), with a mean score for each domain and a total overall score. The PAQLQ
has been validated in children between the ages of 6 and 16 years*>and was found to
be responsive to change in quality of life with a minimalimportant difference of 0.5.

Internal reliability for the PAQLQ was deemed excellent (o = 0.96-0.97).

2.4.6. Quality of life

The Pediatric Quality of Life Inventory (PedsQL) Teenager Report (Version
4.0y’” was used to compare’the’perecived quality of life between those participants
with and without asthma and'te assess any changes throughout the intervention. The
participants were asked” to recall their previous week and answer questions
accordingly/ A widely validated measure in adolescents aged 12-18 vyears,”'™ the
23-item PedsQL consists of domains on the participants’ physical, emotional, social
and school-functioning quality, with higher scores indicating a better quality of life.

Internal reliability for the PedsQL was deemed excellent (a = 0.89-0.90).
2.4.7. Cardiorespiratory fitness

2.4.7.1. 20-metre shuttle run



Cardiorespiratory fitness was estimated using the 20-metre progressive shuttle

"' The test required

run test, a previously validated field measure in children.
participants to walk or run between 2 lines 20-metres apart in time with pre-recorded

beeps that progressively increased in speed throughout the test. The number of

shuttles completed before voluntary exhaustion was recorded.
2.4.7.2. Peak VO;

A total of 69 adolescents (39 boys) inclusive of 36 with asthma (21=boys) were
selected using stratified randomisation to complete incremental” ramp “tests. The
groups were stratified for age, sex and condition to provide a representative sample
of the wider population. Participants performed an incremental\ramp exercise test to
volitional exhaustion on an electromagnetically braked“eyele ergometer (Ergoselect
200, Ergoline GmbH, Lindenstrasse, Germany), - with seat and handlebar height
individually adjusted for each participants, The ramp protocol consisted of 3 min of
“unloaded” pedalling (0 W) followed'by an increase in work rate of 12-24 W/min
depending on the age and height of the participant. Participants were asked to
maintain a constant cadence,(75 £ 5 revolutions per min) until voluntary exhaustion.
Breath-by-breath pulmenary ventilation (VE) and gas exchange (VO, and VCO,)

were recorded throughout (Oxycon Mobile; Jaeger GmbH, Hoechberg, Germany).
2.5. Data analysis

Peak VO, was taken as the highest 10-sec mean attained prior to the end of the
test. The gas exchange threshold (GET) was determined using the V-slope method.™
The GET was also expressed relative to peak VO, (GET%VO,). To account for the
influence of body mass on peak VO,, data was log-transformed and population-

specific power function ratios calculated using Analysis of covariance



(ANCOVA)Breath-by-breath data were then averaged into 10-sec time bins, and the
Mean Response Time (MRT) and gain (AVO,/AW) were calculated according to the
methods reported by Barstow et al.” Specifically, the gain was determined by linear
regression over three segments: S;, from 1-minute into the ramp to GET; S,, from
GET to peak VO,; and St, over the total range of S; + S,. Baseline VO, was taken as
the mean of the first 45 sec of the last minute prior to the increase in work rate. The
MRT was calculated as the point of intersection between the baseline VO,and a
backwards linear extrapolation of the VO, by time slope from the onsét of the tamp
protocol. The MRT was also determined using two segments, S; (MRT;) and St

(MRT).
2.6. Statistical analysis

Shapiro-Wilk tests were used to assess normality. Following identification of
normal distribution, the influence ofwmasthma” and the intervention, and their
interaction, was assessed using a”mixed-model analysis of variance (ANOVA)
(groups—asthma interventiony non-asthma intervention, asthma control, non-asthma
control; time—Baselines mid-intervention, post-intervention, follow-up). Tukey’s
post-hoc analyses were;,conducted to ascertain where differences in time were found.
It significant~differences were found, mixed-design ANCOVA tests were run to
adjust for baseline maturity as this may in part explain any changes in parameters.
Baseline maturity was used in the ANCOVA as the test did not allow for time
varying covariates. Asthma-specific measures were analysed using repeated
measures ANOVAs. Data presented within the tables include the number of
participants providing data at every time-point; therefore, the number of participants
differ between measurements. All analyses were conducted using an intention-to-

treat approach, thus including all participants with measures at any time-point. Data



were subsequently analyzed using sensitivity analyseis on participants who
participated in the majority of the intervention sessions (>70%). Eta-squared (m,z)
effect sizes were determined from baseline to 3-month follow-up. All statistical
analyses were conducted using SPSS Version 22.0 (IBM Corp, Armonk, NY, USA).
All data are presented as mean = SD, with statistical significance accepted as p <

0.05.
3. Results

The participants with asthma in the intervention group consisted of 87:2% with
mild persistent asthma, and 12.8% with moderate or severe asthma. The percentage
of participants with mild persistent asthma and moderate or severe asthma in the
control group asthma population was 77.1% and*22:9%, respectively. These
percentages were similar in both the intention-to-freat and sensitivity analyses.
Where no differences between the intemtion-to-treat and sensitivity analyses were
found, results refer to the results”obtained from the intention-to-treat analysis.
Furthermore, no differences avere observed when co-varying for maturity offset or
Tanner stages and are thérefore not reported in this manuscript.

3.1. Lung function

Lower FEV % ‘and FEF2s_75 values were found in participants with asthma at
baseline, indicating more airway obstruction and more marked small airways
obstruetion, respectively (Table 3). Those with asthma did not have an obstructed
FEV/FVC ratio. There were no changes in lung function over time in any group as
highlighted by the mixed methods ANOVAs which revealed no differences between

intervention and control, asthma and non-asthma for lung function (p > 0.05),



according to group or time or time-by-group interaction. There was, however, a trend

for FeNO to reduce in the intervention asthma group.
3.2. Asthma control and quality of life

The intervention had no effect on asthma control or asthma-related quality of
life. The Minimal Important Difference (MID) for both the ACQ and PAQLQ was’a
change in score of 0.5. Both intervention and control asthma participants
demonstrated similar results, with 33.4% and 35.1% scoring above the-MID for the
ACQ and 18.6% and 16.4% scoring above the MID for the PAQLEQ. Thesresults of
the PedsQL revealed no significant differences between those.with and without
asthma in either the intervention or control group,The intervention was not
associated with any significant change at any time<pointin any of the groups (Table

4).
3.3. BMI

BMI was found to be significantly greater in participants with asthma at baseline in
comparison to their peers{22.2' 4.8 vs. 20.4 = 3.7 kg/m?). There was a significant
effect of time on BMI (F(2.23, 782) = 15.4, p < 0.05, ;;tpz = 0.04) and a significant
difference between/groups (£(3, 351) =5.29, p < 0.05, ;1p2= 0.04), but no interaction
between time,and/ group (£(6.68, 782) = 1.16, p = 0.33, ;]pz = 0.01). Specifically,
whilst the intervention participants maintained their baseline BMI to post-
intervention, BMI in the control participants, both with and without asthma,
increased throughout the intervention (asthma: 21.4 + 4.4 to 21.8 = 4.4; non-asthma:
19.8 + 3.3 to 20.3 = 3.4 kg/m’, p < 0.05). At the 3-month follow-up, all groups
(intervention and control, asthma and non-asthma) had significantly greater BMI

than they had at baseline.



3.4. 20-metre shuttle run

No significant effects were found for group or time and no interaction was
observed between group and time; for the 20-metre shuttle run. However, when
applying sensitivity analysis, there was a significant effect of time (£(3, 386) = 5.44,
p <0.05, 57,°= 0.04) and a significant interaction of group by time (F(9, 386) = 3.23,
p<0.05, 171,2 = 0.06). Post-hoc analyses revealed a significant increase in the number
of shuttles completed in both asthma and non-asthma intervention participants with

time, which returned to baseline at the 3-month follow-up (Table 4).
3.5. Incremental ramp test

A significant effect of time and interaction between time’and the group was
observed, with no significant effect of group on peak VO,. When scaled for body
size, these differences were maintained withitime, (F(3, 138) = 8.47, p < 0.05, 77;)2:
0.16), group by time (F(9, 138) = 2.70, p.<0.05, qp2= 0.15) and group (¥(3, 46) =
1.55, p =0.22, qp2= 0.09). Post‘hoc analyses revealed significant increases in peak
VO, in both asthma and non=asthma intervention groups, with 3-month follow-up
results showing a returin to baseline levels. No differences were observed in either
the asthma or nen-asthma control groups across the intervention for peak or scaled

peak VO, (Table 5).

There_were no differences in GET between groups; however, there was a
significant increase over time in all groups (F(2.23, 138) = 41.56, p < 0.05, 7,” =
0.48). There was no significant between group difference for GET as a percentage of
peak VO,. Post hoc analyses showed significant increases at post-intervention for the
non-asthma intervention group and for both the asthma and non-asthma control

groups. However, inclusive of the asthma intervention group, all groups significantly



increased GET from baseline to 3-month follow-up. A sensitivity analysis also
showed that there were no significant increases throughout the intervention in GET%
VO, for participants in the non-asthma intervention group. There were no significant
differences to either section of the MRT according to time, group or time-by-group
interaction across all time-points. The gain, however, was found to significantly
increase in the intervention asthma group for both S; and St, with no significant

differences observed in any of the other groups (Table 5).

3.6. Intervention intensity

Throughout the intervention sessions, exclusive of warm-up and cool-down,
participants’ mean HR (155 + 18 beats/min, 78 + 9%HRf,y) and mean HR 0 (188 +
18 beats per minute, 95 £ 6%HR,,,x) were calculated for-each session. During the
main body of the sessions, inclusive of both the exercise and rest intervals, HR

exceeded the threshold (>90%HR ,.x) for24% of'the total time.

3.7. Correlations

All measures were positively correlated with themselves between baseline and
post-intervention, with jthe exception of the MRT and gain. A weak negative
correlation was_observed between BMI and fitness (» = —0.34, p < 0.05), quality of
life (r = -0.1%, p < 0.05) and lung function (» =-0.21, p < 0.05) at baseline, but only
between BMI and fitness (» = —0.33, p < 0.05) at post-intervention. Fitness was also
weakly correlated with quality of life (» = 0.26, p < 0.05) and lung function (» = 0.34,
p < 0.05) at all time-points. However, scaled peak VO, was not associated with

quality of life or lung function (p > 0.05).



4. Discussion

This was the first study to evaluate the effectiveness of a 6-month field-based
HIIT intervention in adolescents with asthma compared to their healthy peers. The
main findings of this study were that (1) adolescents with asthma did not differ from
their healthy counterparts in cardiorespiratory fitness at baseline, despite a greater
BMI, and (2) adolescents with asthma and their healthy peers demonstrated a similar
response to the HIIT intervention. Specifically, HIIT elicited <&ignificant
improvements in cardiorespiratory fitness and maintained BMI .in “adoleéscents,
irrespective of whether participants had asthma. However, HIIT did not elicit
significant improvements in lung function, asthma control or_quality of life. These
findings have important implications for the design of futuré interventions for those
with asthma, highlighting that those with asthma arejable to tolerate, and benefit
from, similar exercise stimuli recommendedyfor-their healthy counterparts. This
study demonstrates the fallacy of the perception that adolescents with asthma should
be excluded from exercise, including HIIT because they are unable to participate and

- . ' e C s 56,57
“keep-up” with their peers‘whenuinvolved in similar activities.

- : - . 2758
In accord with-previous research and recent systematic reviews,”'~

the present
study found that HHT elicited increases in cardiorespiratory fitness in adolescents.
Specifically, in=the overall population, 20-metre shuttle run scores significantly
impreved, irrespective of condition, with no significant changes noted for the
controls. Furthermore, both absolute and body-size-scaled peak VO, increased
throughout the intervention, providing evidence of true physiological improvements
in cardiorespiratory fitness. Interestingly, participants in the asthma intervention

group increased their scaled VO, to a greater extent than their non-asthma peers

(19.2% vs. 9.4%) and increased it considerably more than previously reported



through conventional training programmes for healthy adolescents.” This greater
increase may be related to the (non-significantly) lower baseline fitness in those with
asthma since baseline fitness has been reported to influence the magnitude of change
elicited by an intervention in youth.®”® Although improvements in peak VO,
following moderate-intensity exercise over a shorter time-frame,'®!"*** have been
noted in those with asthma, the suitability of continuous exercise for those with
asthma is questionable. Indeed, research has suggested that prolonged contimuous
exercise is not enjoyable® and may trigger the onset of asthma symptéms,” both of
which are key barriers to exercise for those with asthma.* Furthermore, ‘traditional
endurance training, which typically involves a greater time(commitment than HIIT,
may also be less appealing than the suggested HIITy format to “time poor”
adolescents.”” Importantly, the beneficial adaptations'in the peak VO, for those with
asthma were sustained in the 3 months follewing(intervention cessation. Whilst it is
beyond the scope of the present study to. aseertain whether this was because these
participants maintained a higherdevel of exercise post-intervention, this finding is

encouraging for the long-termiefficacy of HIIT in adolescents with asthma.

In contrast todsuggestions that submaximal parameters of aerobic fitness may
demonstrate greater sensitivity to exercise stimuli than peak VO,, but in agreement
with previous studies,” the absolute GET was unaffected by the intervention in the
present studyy irrespective of asthma status. This may indicate that training above the
GET for short intermittent periods is not an effective strategy for increasing the GET
in youth. These apparent age- and/or maturation-related changes in the relative GET
are in contrast to previous reports;”® thus, further research that ascertains the

influence of growth and maturation on the GET is required.



Like the GET, the MRT did not show significant improvement following
HIIT, irrespective of condition. These findings are perhaps surprising in that HIIT
training involves repeated transitions from rest to vigorous-intensity exercise. The
MRT in the present study was longer than previously reported in healthy children®’
but did not differ between those with and without asthma. The longer MRT may
reflect a lower level of aerobic fitness, although, given that aerobic fitness increased
throughout the intervention with no concomitant speeding of the MRTy this
explanation seems unlikely. The lack of effect of asthma in the present studyis in
contrast to the slower MRT reported in those with Cystic Fibrois.”® This may be
attributable to the different aetiologies of the 2 diseases<and their influences on
exercise tolerance. However, it may also be related toftheirelatively mild asthma of
the majority of the participants in the present “study. Additional inter-study
comparisons are precluded because the ramp rate of the incremental test, which
differs significantly between studies, profoundly affects the MRT.” Interestingly,

there were no differences in the MRT between participants with and without asthma,

suggesting that asthma doeshotimpede the response to exercise.

In participants with “asthma, the increase in gain observed over the
Intervention is suggestive of a positive adaptation in the delivery and utilization of
oxygen by the mwscles during exercise.”” Although no differences in gain were
observediat baseline, it is of note that S; and St gain increased post-intervention for
participants with asthma to levels similar to those reported elsewhere in healthy
adolescents.”® This increase in gain may indicate that HIIT elicits different
adaptations in those with and without asthma, although it may also be a function of
the lower baseline level of gain in those with asthma, allowing greater capacity for

improvement. The lower levels of aerobic efficiency in participants with asthma may



be related to a decreased lung function and may be a contributory mechanism for the
onset of early fatigue and the perception that people with asthma are not as fit as
their peers, although it is worth noting gain and measures of lung function were not
correlated in the current study. Indeed, Fielding et al.”® found a reduced gain in
Cystic Fibrosis patients and suggested that this explained, at least in part, the reduced
exercise intolerance in individuals with Cystic Fibrosis compared to their healthy
peers. Importantly, the current study demonstrates that the gain for participants.with
asthma, but not for adolescents without asthma, can be improved{with a HIIT

programme.

The findings in the present study are in accord with previeus findings in non-
asthma populations71 in that cardiorespiratory fitness“at baseline for those with
asthma was found to have a weak but significant cormrelation with quality of life,
highlighting the importance of exercise as'‘aumanagement strategy for those with
asthma. However, despite this correlation,and the increase in cardiorespiratory
fitness observed in the current study, quality of life did not change over time
irrespective of treatment group or.asthma status, which was contrary to the findings
from previous studiés Involving exercise interventions.””*' Furthermore, in the
present study there was no change over time for perceived asthma-related quality of
life, symptoms or asthma control. It could be postulated that the lack of improvement
in asthma-related quality of life may be due to the mildness of the participants’
asthria or to participants having high baseline values for quality of life,"*!"* which
decreased the likelihood of an effect, or indeed the need for an effect. Finally, the
lack of improvement in quality of life in the present study may have been due to the
fact that HIIT reduced, or rather may not have increased, the participants’ total time

in physical activity as a result of the compensation effect.”” This suggests that



increased global physical activity may be more beneficial for quality of life rather

than a specific HIIT intervention or increases in cardiorespiratory fitness.

Whilst our study is consistent with the majority of the literature in that we
found that exercise did not affect lung function,’ it is pertinent to note that 2 studies
reported a significant increase in FEV % (8%-20%) and that both studies
implemented intermittent training.zg‘3 ! This discrepancy may be related te.the
mildness of asthma among participants in our study or to the duration of eur HHUT
intervention. Although the duration in our study was longer than in.many previous
studies,”””* 6 months may not have been sufficient to elicit significant adaptations in
lung function. It is interesting to note that both studies that previously reported
beneficial adaptations in lung function involved younger, largely pre-pubertal,
children.”?! Furthermore, the actual exercise, time; despite being based on
intermittent bouts, was significantly longer, in Latorre-Roman et al.,”’ whilst the
participants in Sidiropoulou et al.*’ had exercise-induced bronchoconstriction rather
than asthma per se. These factors therefore limit additional conclusions that can be

drawn as to the discrepangy in these findings with regards to lung function.

In accordance with previous studies, the current findings suggest that BMI
increases with'dge in youth.” Tt is important to note that the intervention was able to
maintain’ the baseline BMI and prevent an increase in BMI in those with and without
asthma. Given that childhood obesity is known to track strongly into adolescence
and adulthood, with evidence suggesting that 80% of obese adolescents will become
obese adults,”® the current findings may have important implications in terms of
effective exercise interventions that may help ameliorate this rise. Furthermore,
exercise and physical activity have previously been suggested to be influential in the

self-management of asthma.”” The present study is the first to address whether HIIT



may aid in a non-pharmacological management of asthma. Whilst the maintenance
of BMI and increased fitness are promising findings, HIIT did not improve lung
function, asthma control and quality of life. Therefore, taking all findings together, 6
months of HIIT may not be effective at improving mild asthma in adolescents.
Nevertheless, maintenance of BMI and increased fitness as a result of HIIT may

make it an important non-pharmacological strategy in the management of asthma

There were no differences in fitness or trainability between adolescents with
and without asthma; these findings have important practical implications™for the
design of future exercise interventions. Indeed, this study. should reduce
stigmatisation of adolescents with asthma. Moreover, there'were‘no exacerbations
throughout the study, demonstrating that HIIT is safe touse in adolescents with mild
asthma. A key strength of the present study wassthe use of more sensitive measures
of aerobic fitness (GET, MRT and gain), which have not previously been assessed
across multiple time-points in adolescents with asthma. Nonetheless, several
limitations to the study should.be agknowledged. As with any exercise intervention,
there may have been a self-seleetion bias since recruited participants volunteered to
participate. Furthermore, although the HIIT intervention used formative research in
its design,'* partieipants who signed up for the intervention either committed fully to
attending a large proportion of the sessions throughout the 6 months or attended only
minimally oyer the intervention. This may indicate that the HIIT intervention is
effective for those who fully engage in it but that it is not acceptable to everyone.
Whilst the utility of the intervention may be questioned, it may be that the timing of
the exercise sessions (both before and after school) reduced participation and that if

more optimal timing was possible, a stronger adherence could be achieved.



5. Conclusion

HIIT, a previously underutilised method of managing asthma in adolescents,
may be an effective tool for increasing peak aerobic fitness and preventing an
increase in BMI in adolescents, irrespective of asthma. This study adds to literature
by demonstrating that adolescents with asthma elicited similar physiological
adaptations in comparison to their healthy peers, thereby demonstrating that asthma
does not influence aerobic fitness or trainability in adolescents. Furthermore;ithe lack
of exercise-induced asthma attacks suggests that HIIT is safe for, and well-télerated

by, adolescents with asthma.
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Table 1.

Anthropometric measures for participants within intervention and control for asthma and
without asthma.

Asthma Non-asthma
7 Baseline M , EOSE Follow-up n Badits o 0O, , Pt Hallowy-
intervention  intervention intervention  infervention up

ALL
Age (years) 155 13.0+1.1 13.2£1.1 13.5+1.1 13.8+1.1 461 13.0<1.1 13:3=+1.1 13.6+1.1 13.9+1.1
Stature (cm) 100 157.449.5 159.0+9.7 160.7+9.5 161.749.5 255 157.9+10.1 /" 189/5+10.0 161.149.8 162.0£9.8
Body mass (kg) 99 54.2+14.0 55.4+14.3 57.3+14.7 58.2+£15.0 255 50.4+12 51.5812.3 53.4+124  54.3£12.6
Sitting stature (cm) 99 78.9+4.8 87.6£74 81.2+4.9 81.8+4.8 255  794+5.6 80.3£8.6 81.3+5.6 82.1£5.5
BMI (kg/m’) 99 21.7+4.4 21.7:4.4 22.0+4.4 22.1+4.5% 256 2034 20.0£34 20.4+3.4 20.5+3.5%
Tanner stage 93 3.2+1.0 3.4£1.0 3.6+0.9 3.8+09 242 3.3+150 3.6£1.0 3.7£1.0 3.9+09
Age from PHV (years) 98 —0.1£1.3 0.61.3 0.4=1.2 0.6=1.2 255 =0%14 0.6=14 0.3x14 0.6x1.4
Intervention
Age (years) 50 13.1=1.0 13.4=1.0 13.7+1.0 14,0=1.0 171 13.2+1.1 13.5+1.1 13.8+1.1 14.1=1.1
Stature (cm) 29 158.3£10.5 160.1+10.8  161.8+10.9  163:]+107. 95 1574499  159.1£10.0 160.6£9.9  161.9£9.8
Body mass (kg) 28 57.4+15.7 58.1+15.8 59.8+16.6 614=17.0 95  51.3=13.0 52.0+13.2 53.7+13.6  55.3*13.8
Sitting stature (cm) 29 79.9+4.8 80.9+5.1 823553 83.2+5.1 95 79.3£5.7 80.0+5.7 81.3+5.8 82.2+5.7
BMI (kg/m*) 28 22.6+4.6* 22.3+4.5 22.5+4¢ 2275474 95 20.4x34% 20.3£3.5 20.6+3.6 20.8+3.74
Tanner stage 29 3.5+1.1 34+1.2 89%6:1.0 3,909 94 3.3+1.2 3.6=1.1 3.6+1.0 3.9+1.0
Age from PHV (years) 28 0.0+1.2 0.2+1.1 0.5+13 0.8+1.2 95 -0.2+14 0.1£1.1 0.3+14 0.6:1.4
Control
Age (years) 105 12.9+£1.2 18.2+1.2 13.4+1.2 13.741.2 290 12.9+1.0 13.2+1.0 13.5+1.0 13.8+1.0
Stature (cm) 71 157.0£9.1 15815+9.2 160.3£9.0 161.1£8.9 160 158.2<10.2  159.7+10.1 161.3£9.8 162.0£9.8
Body mass (kg) 71 53.0+13.2 54.3+13.7 56.3£13.9 56.9+14.0 160  49.9+114 S1.24117 53.2+1L7  53.7+119
Sitting stature (cm) 70 78.5:4.8 80°2+4.9 80.7+4.7 81.2+4.6 160  79.6£5.5 79.7£6.6 81.3£55 82.0£5.4
BMI (kg/m®) 71 21.4+4.4% 21.5+4.3 21.8+4.44# 21.8+4.4% 161  19.8+3.3% 19.9+3.3 20.323.4#  204+£3.5%
Tanner stage 64 3.040.9 34+1.0 3.640.9 3.840.9 148 3.4+1.0 3.6=1.0 3.7+1.0 39409
Age from PHV (years) 70 —0:2£).3 0.2+1.4 0.3£1.2 0.5¢1.2 160 —0.2+1.4 0.3£1.5 03+1.4 0.5+1.4

Note: data are presented as » or mean = SD as indicated.

* Significant difference between asthma and non-asthma at baseline (p < 0.05); #
significantly different at baseline (p < 0.05).

Abbrewviations: BMI = Body mass index; PHV = Peak height velocity.



Table 2.
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Detailed examples of exercises

Activity

Example exercises

Static exercises

Participants stood in a space where they conducted exercises. Examples:
e  Burpees
e Jumping jacks

Obstacle course

e  Squats
e  Press-ups
Created using resources such as nets, benches, cones and hurdles. Exa s

o Agility
Crawling

Speed, agility and
quickness

L

e Jumping

e Rolling )
Activities included fast paced, low-skill agility exercises/such as:

e  Zig-zag sprints

Slalom sprints
Hurdles

Shuttles

Fast feet ladder drills

Linear sprints

Participants moved between each side ofithe hall. Movement was varied i.e.
forward, backwards and sideways. iations to the sprints included:

e  Bear crawls

e Gorilla walks

e Crab walks

Y
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Table 3. Lung function measures for participants within the intervention and control groups with asthma and without
Asthma Non-asthma A
Mid- Post- Mid- Dost-

Baseline

intervention

intervention

Follow-up

Basliie intervention

vt ‘ Fullaw—up.

Intervention

FEV: (%Predicted) 29 93.5:155° 947141 92.2+14.8 88.1£15.8 90 93.9+16.5"  95.7£13.8 97. 4 132154
FVC (%Predicted) 29  102.4x132 102.5=13 100.4=147 949=17.7 90 99.5x13.8 100.8: 1015£183 94.5z16.4
FEV/FVC 2% 0.8=01 0.8+0.1 0.8+0.1 0.8+0.1 90 0.8+0.1 1 0.8=0.1
FEF;3.7; (%Predicted) 29 782=280° 81.7£225 T 33 771241 90 83.1+23 8 89.2+26.7 852+25.4
PEF (%Predicted) 29  90.0+185 89.5:20.9 91.4=151 857+228 90 87.8+19.8 93.9+179 88.5£20.7
FeNO (ppb) 29  403+312 38.5=313 38.6=27.4 = 0 = = -
Control

FEV) (%Predicted) 68 90.1=147" 87.9=194 92.8+184 91.7£135 ‘ 90.8+19.5 96.1=143 97.1£16.6
FVC (%Predicted) 68 97.3z146 96.0=205 98.520.1 97.0=14.0 7£15.0 929=19.0 97.8=13.7 98.1=13.4
FEV/FVC 68 0.8=0.1 0801 0.8:0.1 0.8+0.1 09=0.1 09+01 09201
FEF35.75 (%Predicted) 68 75.6=248" 74.6=29.0 79.0=239 155 8822262 85.6=26.2 91.9x233 9252245
PEF (%Predicted) 68  93.0£21.1 89.7£25.1 155, 811214 87.6=24.1 92.8=17.0 92.8+18.9
FeNO (ppb) 70  43.6=388 41.9=39.7 0 = = = =

Expiratory Flow between 2
Expiratory Flow; ppb = p:

rcentage of the age-sex-stature predicted value; FeNO = Fractional exhaled nitric oxide; FEF,s ;; = Forced

ital capacity; FEV, = Forced Expiratory Volume in 1 second; FVC = Forced Vital Capacity; PEF = Peak




Table 4. 20-metre shuttle run and quality of life questionnaire data for participants within the intervention and contro ﬁm and without asthma

Asthma Non-asthma A

Mid- Post- Foll - Mid- Post-
intervention  intervention otew-up " aseline intervention _ infervention

n Baseline

Intervention

20-metre shuttle run (shuttles) 20 35.8+212% 38.7x15.8 40.8+£22.3%  30.44224 72 4752240%  53.6+22.9#%
PedsQL PhH 22 76.8x14.3 79.4=13.8 83.8=123 §5.1x13.0 85 81.6+125 829:119
PedsQL PsH 22 76.4x11.8 74.6=14.1 80.5+15.1 82.0+13.7 85 79.7+149 76.4=18

PedsQL Total 22 76.5+11.5 76.3=123 816x127 83.1+123 85 80.3x13.0%

ACQ 32 1009 1208 1.0=07 1=08 a - -
PAQLQ Symptoms 29 56+1.4 573 6.0=09 62+12 a - -
PAQLQ Activities 29 57+14 59=1.0 6.2£0.9 6.2+1.1 0 - -
PAQLQ Emotions 29 59+14 6=1.1 6.5=0.8 6.5=1.0 Q -
PAQLQ 29 5713 59+1.1 62208 63=1.0% a - - -
Control

20-metre shuttle run (shuttles) 22 445£219% 44.6=17.0 4232204 42.6£224 5 52.4£237 549=240 54.8£25.6
PedsQL PhH 62 75.1=19.2 76.1=174 80.3x154%  81.9x14.8%

PedsQL PsH 62 72.4=192 72.2=160 77.1=143 80.5=14.5% 75.2+16.9 76.1=16.0 76.9=15.2 80.5=13.9#

80.9=14.0 82.1x13.6  83.6x13.0¢

PedsQL Total 62 733+178% 73.6=15.1 78.2+12.4% 76.7+14.8 77.814.1 78.7+13.2 81.7+£123#

ACQ 84 14210 1209 - = = E
PAQLQ Symptoms 69 55+1.2 56=13 = - = E
PAQLQ Activities 69 5.5+1.2 57£12 = - = E
PAQLQ Emotions 69 6.0=12 E = = 2
PAQLQ 69 5712 i & = 2z

Note: data are presented as # or mean =

*Significant difference between as on-asthma at baseline (p < 0.05); #, significantly different from baseline (p < 0.05).

Abbreviations: ACQ = As
Inventory; PhH = Physical i

tionnaire; PAQLA = Paediatric Asthma Quality of Life Questionnaire; PedsQL = Pediatric Quality of Life
chological score.



Table 5

Incremental ramp test results for participants within the intervention and control groups with asthma

and without asthma.

Asthma Non-asthma
n Baseline . M,1d> ; T Follow-up »  Baseline . Iofig- i Fost Follow-up
intervention  intervention intervention / intervention

Intervention
Baseline VO, (I/min) 14 0.6=0.1 0.6+0.1 0.7+0.1 0.6+0.1 14 0.6+0.1 0.6+0.1 0.6+0.1 0.5+0.1
Peak VO2 (V/min) 14 2.040.5 2.1+40.6 2.5+40.8* 2.240.6* 14 2.140.5 20206 2.340.5* 2.1+0.5
?ﬁ?ﬁggiﬁﬁa 14 1964+41.1 208.0+42.1  2342+485*% 206.1+40.8 14 21924296 _227.7436.5) 239.7£31.0% 210.9+33.9
GET (V/min) 14 1.0+0.3 1.1+40.3 1.320.4% 1.3+0.3* 14 1.0+0.2 1.2:+03% 1.3+0.3* 1.2+0.3
GET (% VO,) 14 51.5+8.4 54.4+4.5 55.0+£5.2 58.3+£5.0* 14 50.5¢6.5 56.0+6.8 56.9+£3.7* 58.943.5%
S; Gain (ml/min/W) 14 8.3=1.6 9.842.3 9.6:2.7 9.742.6 14 10(1£2.6 9.6x1.9 9.5+1.3 9.4x1.5
S, Gain (ml/min/W) 14 10.0£1.6 10.4£2.2 11.4+1.9 9.7+1.8 14 10.9%1.2 10.9+1.5 11.2+1.4 9.1+1.8*
St Gain (ml/min/W) 14 9.4+1.5 10.0+1.9 10.6+1.4* 9.6+1.3 14 10:61.1 10.4+1.1 10.4+1.1 9.1+1.2*
MRT; (s) 14 69.6+£15.4 61.0+17.9 65.1+17.2 72.8+13.7 4 72.84184 64.4+13.3 61.5+12.1 60.6x13.1
MRT<(s) 14 69.8422.2 61.9421.1 74.7£21.1 74.0:9.9, 14 %, 78.0+£19.9 71.1:21.4 66.8+16.4 55.1+173
Time to Exhaustion (min) 14 9.9+1.5 10.1£1.7 9.8+1.2 9.6+k4 14 9.8+1.5 9.8+41.7 9.5+1.1 9.2+1.0
Peak HR (b/min) 14 193.0£9.0 191.0£9.0 191.0£7.0 191.0£11.0, 14 196.0£9.0 192.0+8.0 192.0£11.0 190.0£7.0
Control
Baseline VO, (I/min) 10 0.6=0.1 0.6+0.1 0.620.1 0.601 12 0.6=0.1 0.6=0.1 0.6=0.1 0.6+0.1
Peak VO, (/min) 10 2.240.5 2.3+0.6 23206 23205 12 2.240.6 2440.7 2.4+0.6 2.440.7
Sca}edogsalilvog 10 226.04394 23594493 2304430 22824429 12 235.0+47.0 247.7+51.2 24394439  248.6+£544
(ml/kg™”"/min)
GET (V/min) 10 1.1£0.2 1.320.3 =0, 3% 1.4+£0.3* 12 1.1+0.4 1.4+0.4% 1.5+0.4% 1.4+0.4*
GET (% VO,) 10 52.548.5 58.1+8.2 63.8:4.3% 62.1+£3.8* 12 50.4£7.5 57.614.4* 62.443.7* 59.446.9*
S, Gain (ml/min/W) 10 9.4+1.5 11.8+£2.4 10.1£1.8 9.8+0.7 12 8.4+£2.9 9.5+1.1 9.8+1.2 10.1+1.9
S; Gain (ml/min/W) 10 12.3+1.8 11.7#1.4 10.5+1.2 10.742.1 12 11.5¢1.5 10.9£1.9 11.0£2.3 10.8+2.3
St Gain (ml/min/W) 10 11.0+1.0 L6+ 179 10.2+1.0 10.2+0.9 12 10.4+1.7 10.3£1.3 10.2+1.0 10.2=1.4
MRT, (s) 10 72.3+13.0 73.0£19.6 54.9+15.8 61.8£8.6 12 78.3+13.6 63.5£15.6 60.0+18.7 65.3£74
MRTx(s) 10 80.0£15.9, 764164 64.9+£15.4 64.8£13.1 12 85.6+£17.3 65.8£19.0 62.4+16.7 63.6£10.5
Time to Exhaustion (min) 10 9.9£1.6 9.5£0.8 9.7£0.9 92+]1.1 12 10.6=1.7 9.5+1.1 9.9+0.8 9.6+£0.9
Peak HR (b/min) 10 194 0£12.0 “196.0+10.0 192.0+10.0  188.0+11.0 12 191.0+11.0 190.0+8.0 191.0+10.0 189.0+10.0

Note: data are presentédias 7 or mean = SD as indicated

*Significantly different from baseline (p < 0.05).

Abbreviations: b = beats; HR = heart rate; GET = gas exchange threshold; MRT; = mean response

time for S{; MR = mean response time for S; + S,; S, gain = gain from 1-minute into ramp to GET;

S, gain = gain from GET to peak VO,; St gain = gain over the total range S1 + S2; VO, = oxygen

uptake.
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Graphical abstract
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* Signfican difference from bassline p<0.05; VO, = oxygen uptake; BMI = Body mass indox




