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Department of Pediatrics, Pediatric Exercise and Genomics Research Center, University of California, Irvine, Irvine, CA,
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Introduction: Fitness can improve asthma management. However, children from
disadvantaged and minority communities generally engage less in physical activity, and
have increased obesity and asthma disease burden. The goal of this pilot study is to
evaluate (1) the feasibility of an exercise intervention program in a school-based setting
(attendance and fitness improvement) and (2) the effect of the intervention on fitness,
asthma, and clinical outcomes in normal weight and overweight/obese children with
asthma from low-SES population.

Materials and Methods: Nineteen children, ages 6-13 years, from two elementary
schools in Santa Ana, CA, a population with high percentage of Hispanic and low
socioeconomic status, participated. Training sessions occurred at the schools during
afterschool hours (3 sessions weekly x 4 months) and included mainly aerobic
age-appropriate activities/games and a small component of muscle strength. Before and
after the intervention, evaluations included pulmonary function testing, cardiopulmonary
exercise testing (peak VO5), assessments of habitual physical activity, body composition
(DXA), asthma questionnaires, and blood (cardiometabolic risk factors).

Results: Seventeen of 19 participants completed the study. Adherence to the
program was 85%. Based on BMI %ile, 11 of the participants were overweight/obese
and 8 were normal weight. Ten participants had persistent asthma and 9 children
had intermittent asthma. Training was effective as peak VO, improved significantly
(8.1%, SD £ 10.1). There was no significant change in BMI %ile but a significant
improvement in lean body mass (1%, SD + 2.0) and decrease in body fat (1.9%,
SD + 4.6). Asthma quality of life outcomes improved following the intervention
in symptoms, emotional function, and overall. There was no change in asthma
control or pulmonary function. Five of 10 participants with persistent asthma
decreased their maintenance medications. Lipid levels did not change except
HDL levels increased (46.1 £ 8.4 mg/dL to 49.5 4+ 10.4 mg/dL, p = 0.04).
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Discussion: A school-based exercise intervention program designed specifically for
children with asthma for a predominantly economically disadvantaged and minority
population was feasible with good adherence to the program and substantial
engagement from the schools, families and participants. The exercise intervention was
effective with improvement in aerobic fitness, body composition, asthma quality of life,
and lipid outcomes, setting the stage for a larger multicenter trial designed to study
exercise as an adjunct medicine in children with asthma.

Keywords: asthma, obesity, school, low SES, aerobic fitness

INTRODUCTION

Asthma is the most common chronic disease of childhood,
which, despite advances in therapy, continues to cause substantial
morbidity among the 6 million children affected in the U.S. (1).
Patients with asthma have not been spared by the unrelenting
childhood obesity epidemic and it is well established that obesity
is a significant risk factor for both asthma development and
increased morbidity (2, 3). While the mechanisms linking asthma
and obesity are likely multifactorial, poor fitness and physical
inactivity may play a role (4, 5).

Studies suggest that better physical fitness can improve asthma
symptoms and control in addition to the known benefits for
cardiovascular health (6). Exercise intervention programs in
children and adults with asthma have been shown to improve
aerobic fitness, quality of life, asthma control, airway hyper-
responsiveness, and airway inflammation (7). However, studies
demonstrating the impact of improved fitness in children of
low socioeconomic status (SES) and minority populations,
which are disproportionately affected by higher asthma and
obesity rates and morbidity, are lacking (8-10). The challenges
faced in implementing sustainable lifestyle interventions in
these communities include: (1). Accessible and safe venues for
physical activity for children is limited and (2). Ensuring robust
interventions (for example, training goals of at least 80% of
maximum heart rate (HR) and a minimum of 3 sessions per
week) to lead to measurable changes in physical fitness (11-13).
Without a measure of physical fitness, unfortunately absent in
many exercise training studies in children and adults, the impact
of the intervention on conditions like asthma is uninterpretable.
In a review of exercise training on asthma outcomes, Wanrooij
et al concluded that training programs should last at least 3
months with at least 2 sessions per week with a personalized
training intensity (at ventilatory threshold or 80% of HR max)
(14). School-based intervention studies are appealing for these
communities because schools are considered as safe places by
parents. Moreover, as data continue to support the beneficial role
played by exercise on academic performance (15), schools are
increasingly motivated to host and sustain programs designed to
enhance physical activity (16). To the best of our knowledge, no
exercise intervention studies to date have targeted children with
asthma in predominantly lower-SES communities.

The goal of this pilot study was to evaluate (1) the feasibility
of an exercise intervention program in a school-based setting,
specifically whether we were able to improve fitness in this setting

and whether we had sufficient attendance of the training; and
(2) the effect of the intervention on fitness, asthma, physical
activity and clinical outcomes in a group of normal weight and
overweight/obese children with asthma from a predominantly
low-SES Hispanic population.

METHODS
Study Participants

Nineteen children, ages 6-13 years, participated in the study.
Inclusion criteria included participants with a current physician
diagnosis of asthma (asthma symptoms or medication use in the
past 12 months) and no disease or disability that would impair
participation in a vigorous exercise program. Participants with
asthma exacerbation requiring systemic corticosteroids in the
past month, any condition that would preclude exercise, obesity-
related complications (i.e., type 2 diabetes), or pregnancy were
excluded. This study was approved by the institutional review
board at the University of California, Irvine (UCI), and informed
consent and assent were obtained from all participants and their
legal guardians. All participant expenses were covered by the
research program.

Study Design

We developed relationships with two local elementary schools
in Santa Ana, CA, a population with high percentage of
Hispanic and low socioeconomic status. The schools contacted
all students with diagnosis of asthma or albuterol prescription
to attend information sessions regarding the research program.
Approximately 30-40 total children/families attended the
information sessions, with approximately 25 children eligible
to participate (current physician diagnosis of asthma) and 19
children were consented to participate.

The study included two separate visits to the UCI Pediatric
Exercise and Genomics Research Center (PERC) Human
Performance Laboratory (HPL) before and after a 16-week
school-based exercise intervention program. Each visit to the
HPL included assessments of fitness and physical activity, body
composition, lung function, and asthma questionnaires.

Anthropometric Measurements

Standard calibrated scales and stadiometers were used to
determine height and body mass. Body mass index [BMI =
weight/height? (kg/m?)] percentile was calculated using the
published standards from the Centers for Disease Control
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(CDC), National Center for Health Statistics, USA (17). Normal
weight is defined as BMI 5th to < 85th %ile, overweight is 85th
to < 95th %ile, and obese is > 95 %ile.

Dual x-ray absorptiometry (DXA) was used to determine body
composition, including lean body mass and percent body fat,
using a Hologic QDR 4500 densitometer (Hologic Inc., Bedford,
MA, United States). Participants were scanned in light clothing
while lying supine. The DXA instrument was calibrated using
the procedures provided by the manufacturer, and DXA scans
were performed and analyzed using pediatric software. Percent
fat categories were calculated based on body fat reference curves
for children (18). The 2nd, 85th, and 95th percentiles define the
cut-off points for underfat, overfat, and obese.

Pulmonary Function Testing

Volunteers were requested to hold all medications, including
inhaled corticosteroids, for at least 24h prior to each visit.
Spirometry was performed at baseline and 10-15 min following
an exercise challenge (ramp test). Spirometry included FVC,
FEV;, forced expiratory flow, and mid-expiratory phase
(FEF,5_75) measured in triplicate (Vax229; Sensormedics,
Yorba Linda, CA) according to American Thoracic Society
(ATS) guidelines (19). Exercise-induced bronchoconstriction
(EIB) was present if participants demonstrated > 12% decrease
in FEV,; following exercise challenge(19). If participants
demonstrated EIB, they were given inhalation of albuterol and
spirometry was repeated.

Asthma Questionnaires

Asthma control was assessed using the Childhood Asthma
Control Test for participants < 11 years and the Asthma Control
Test if > 11years of age (20).

The Children’s Health Survey for Asthma (CHSA) is a 48-item
validated questionnaire completed by parents with 5 subscales:
(1) physical health, (2) child activity, (3) family activity, (4) child
emotional health, and (5) family emotional health (21). Primary
caregivers were asked, using a 5-point Likert scale, how much
of the time their child (or family) experienced each item as a
result of asthma during the past 4 weeks. This self-report measure
also assesses healthcare utilization, asthma triggers, and family
demographics (21).

The Pediatric Asthma Quality of Life questionnaire, which
assesses physical, emotional, and social impairment due to
asthma over the previous week, was completed as well (22). There
are 23 items distributed in three domains: activity limitations,
symptoms, and emotional function. All items are similarly
answered by means of a 7-point Likert scale, ranging from 1
(severely affected) to 7 (unaffected). The minimally important
difference established for this instrument is 0.5 points.

Asthma classification (intermittent or persistent) was based on
EPR guidelines (23). Caregivers also reported all current asthma
medication prescriptions, which were brought to study visits for
confirmation.

Physical Activity Monitoring
Habitual physical activity and sedentary time were assessed
during awake time (8 am to 8 pm) for 7 days using Actigraph

GTX3, which was worn on the waist at baseline and end of
the study. Twelve-hour daytime activity data were analyzed for
weekdays and weekends using Actilife software. Physical activity
was classified into sedentary, moderate, and vigorous levels
according to the cut points set by Evenson Children 2008 (24).
Cut points based on vector magnitude <100 counts per minute
(CPM) were scored as sedentary, >2,296 CPM were scored as
moderate, and >4,012 CPM were scored as vigorous physical
activity.

Cardiopulmonary Exercise Test (CPET)

Each subject performed a ramp-type progressive cycle ergometer
exercise test using the SensorMedics metabolic system (Vmax
229, Yorba Linda, CA, United States). Following 3 min of sitting
comfortably without pedaling (rest) on the cycle ergometer
breathing through a mouth piece and 1min of unloaded
pedaling, the work rate (determined by weight and overall
assessment of activity level) was incremented at 10-20 W/min
to the limit of the participant’s tolerance. Participants were
vigorously encouraged during the high-intensity phases of the
exercise protocol. Gas exchange was measured breath-by-breath
and peak VO, was determined when RER >1.0 (25) and was
calculated as the highest 20-s rolling average in the last minute
of exercise in absolute values (I/min), relative to body mass
(ml/kg/min) and lean body mass (ml/kg/min). Percent predicted
peak VO, was determined using published norms (26).

Blood Sample Collection

Participants arrived to PERC HPL in the morning following > 8-
h fast. Blood was collected and sent to the UCI Clinical Pathology
Lab for complete blood count (CBC) with differential, complete
metabolic panel, lipid panel, and Immunoglobulin E.

Exercise Training Intervention

Participants completed a 16-week aerobic exercise training
intervention (45 min session, 3 days a week) at their local schools
during after-school hours. Prior to the beginning of exercise
activities, the trainer ensured that the participants had their
bronchodilator readily available. Participants were pretreated
with bronchodilators prior to exercise activities if specified in
their asthma action plan. Training was done in small groups of
4-6 children and included a variety of age-appropriate activities
using small equipment (e.g., soccer, basketball and football balls,
stability exercise balls, Bosu balls, jump ropes, hula hoops, cones,
and scooter boards with safety handles. Training was led by
experienced physical education specialists who were assisted by
undergraduate student volunteers. Each session included a 5-
m warm up, 5-min cool down (at the end), and a combination
of aerobic and resistance exercises. Exercises were similar to
activities in Physical Education classes. During weeks 1 and 2,
aerobic activities (e.g., playing small group games and adapted
ball games, basketball, soccer, badminton) were performed for
15 to 20 min. The duration of the aerobic exercises gradually
increased up to 45 min by weeks 10 through 16. In addition to
the aerobic exercises, participants performed resistance exercises
(e.g., band exercises, push-ups, and pull-ups). These exercises
were done in sets, starting from low number (4-6) of repetitions
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TABLE 1 | Baseline demographics (n = 19).

Age in years, mean, and range 9 (6-13)
Sex, n (%)

Male 13 (68)
Race/Ethnicity, n (%)

Hispanic 19 (100)
Household income*, n (%)

<$30,000 12 (63)
$30,000-60,000 2(11)
>$60,000 3(16)
BMI Categories, n (%)

Normal weight (5-<85%ile) (42)
Overweight (85-<95%ile) (26)
Obese (=95%ile) (32)

Physical activity levels, median (IQR) in min per 12 h awake

Sedentary time 515 (496, 549)
Moderate activity 33 (26, 39)
Vigorous activity 28 (17, 37)

"Median household income in Orange County, CA is $81,837; median household income
in Santa Ana, CA is $61,895 (2017 census data).

within each set, and gradually increased to 10-12 repetitions in a
set. The number of sets was also gradually increased based on the
participants’ strength. Resistance exercises took approximately
20-25 min in the first few weeks and gradually decreased in time
in parallel to the increase in time for the aerobic exercises.

To record exercise intensity, participants wore a heart rate
(HR) monitor (PolarE600) during the sessions. Number of
minutes spent on target HR (bpm) > 145 bmp (70-80% of
maximum HR) are reported for sessions that had >40 mins of
recording time as means =+ standard deviations.

Statistical Analysis

Data are presented as mean [standard deviation (SD)], median
[interquartile range (IQR)], or proportion (n, %). The effect of
exercise training was assessed using a paired mean-comparison -
test or Wilcoxon’s signed-rank test as appropriate. All tests were
two-tailed and p < 0.05 were considered significant. Statistical
analysis was performed using Stata version 11 (StataCorp LLC,
College Station, TX, United States).

RESULTS

Demographics

Nineteen participants, mean age of 9 years and 68% male,
participated in the study (Table 1). All participants were Hispanic
and 63% with household income < $30,000. Ten of the 19
participants had persistent asthma and 9 participants had
intermittent asthma based on NAEPP criteria (23).

Training Program

Seventeen of the 19 participants completed the 16-week
exercise training intervention. Two participants did not
complete the training intervention due to conflicts with
other activities and did not complete any post-intervention

50 -

40 -

|

Peak VO, (ml/kg/min)

T I
Pre-training Post-training
FIGURE 1 | Aerobic fitness improves following exercise training. Each
black circle and line pair represents one participant from pre-training to
post-training. There was a statistically significant training effect on peak VO,
(o = 0.008).

TABLE 2 | Aerobic fitness before and after training.

Pre-training Post-training
mean (SD) mean (SD)
Absolute peak VO in L/min 1.5(0.5) 1.7 (0.5)"
Peak VO, (per body mass) 38.5(7.1) 411 (6.2
in mi/kg/min
Peak VO, (per lean body 57.4 (7.3) 60.9 (5.9)

mass) in ml/kg/min

‘p < 0.05 paired t-test for training effect.

measurements. There were no adverse events or injuries
during the intervention. The average number of sessions
attended by participants was 40 sessions with 85% attendance
rate. During the training sessions, participants exercised
for 29.3 (5.6) mins (average range per participant 18 to 42
mins/session) in the target HR >145 bpm (mean of 79% (8) of
HR max).

Cardiopulmonary Fitness (Table 2)

Mean peak VO, was 39.8 ml/kg/min (8.6) and 87.5% predicted
(17.8) at baseline. Absolute peak VO,, peak VO, (per body
weight) and peak VO, (per lean body mass) were all
significantly improved [13.3% (22.6), 8.1% (10.1), and 5.2%
(12.3), respectively, all p < 0.01] from baseline to after the
training program (Figure 1 and Table 2).

Body Composition

Forty two percent of participants were normal weight and 58%
were overweight/obese. There was a change in weight ranging
from 2 kg weight loss to 4.7 kg weight gain, as well as an increase
in height ranging from 0 to 6cm at the end of the training
program. There was no significant change in BMI %ile following
training.

At baseline, mean % of body fat was 33.8% (6.9) with all
participants overfat (> 85th to <95th %ile) or obese (> 95th
%ile) based on % body fat categories except for one participant
in healthy fat category. Following the exercise training program,
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TABLE 3 | Asthma characteristics.

TABLE 4 | Lipid levels before and after exercise training.

Pre-training Post-training
Spirometry, mean (SD)
FVC % predicted 107.8 (16.2) 104.3 (13.8)
FEV; % predicted 105.1 (19.1) 101.8 (17.2)
FEV1/FVC 84.9 (7.1) 84.4 (9.2
Exercise-induced bronchoconstriction, n (%) 3(16) 1(16)
Asthma related Quality of Life, median (IQR)
Overall 4.5 (4.0, 6.4) 6.0 (4.4, 6.5)#
Activity limitations 4.6 (4.1,6.0) 5.6 (4.3, 6.5)#
Symptoms 5.0 (4.0, 6.5) 6.2 (4.9, 6.5)#
Emotional Function 4.8 (8.1, 6.4) 6.0 (4.0, 6.7)#
Asthma Control
Mean score (SD) 21.2(3.5) 22.1(3.7)
Uncontrolled, n (%) 4 (24) 3(18)
Children’s Health Survey for Asthma, mean (SD)
Physical Health 90.0 (12.2) 93.6 (7.2)
Activity (child) 86.8 (20.2) 95.6 (7.7)
Activity (family) 80.4 (15.4) 85.5 (4.4)
Emotion (child) 90.6 (15.7) 94.4 (11.4)
Emotion (family) 68.8 (20.8) 82.5 (14.9)*

Asthma control: c-ACT, ACT. Uncontrolled score <19. Quality of life evaluated by PAQLQ,
#minimally important difference = 0.5, *p < 0.05 paired t-test or Wilcoxon’s rank sum test.

% of lean body mass increased by an average of 1.1% (2.0), p =
0.04, and % of body fat decreased by an average of 1.9% (4.6), p =
0.04.

Asthma Outcomes (Table 3)

Healthcare Utilization

There were no hospitalizations or emergency department visits
during the study. One participant had a sick visit with their
primary care physician before and after training.

Asthma Control

Seventy-six percent of participants had well-controlled asthma at
baseline (ACT score > 19). There was no significant change in
asthma control following exercise training intervention.

Asthma Quality of Life

Symptoms, activity limitation, emotional function, and overall
score all improved with change in median PAQLQ score of
>0.5, which is considered a clinically important improvement,
following training. Using the Children’s Health Survey for
Asthma, the emotion (family) domain was significantly improved
following training.

Medications

Five out of 10 participants with persistent asthma reduced their
maintenance medications by the end of the exercise training
intervention.

Pulmonary Function
There was no significant change in spirometry following
the exercise training intervention. Three participants had

Pre-training, Post-training, mean
mean (SD) (SD)
Lipid panel, mg/dL
Total cholesterol 145.1 (25.4) 148.9 (21.5)
Triglycerides 79.5 (34.5) 78.6 (27.5)
HDL 46.1 (8.4) 49.5 (10.4)
LDL 83.1(26.2) 83.7 (20.2)

*p < 0.05 paired t-test.

exercise-induced bronchoconstriction at baseline that was not
present after training. One participant had exercise-induced
bronchoconstriction after training that was not present at
baseline.

Physical Activity and Sedentary Time

Participants had a median of 28.6 min (IQR 25.4, 38.3), 30.2 min
(IQR 14.7, 35.8) of moderate and vigorous activity time,
respectively during weekdays and 37.2min of moderate (IQR
25.8, 42.0), 26.7 min of vigorous (IQR 20.1, 35.6) activity during
weekends at baseline. There was a median of 510.6 min (IQR
488.5, 529.6) of sedentary time during weekdays and 527.1 min
(IQR 497.1, 574.6) during weekends at baseline. There was no
significant difference in moderate, vigorous activity or sedentary
time between normal weight and overweight/obese participants.
Overall, there was no significant difference in moderate, vigorous
activity time or sedentary time following the intervention.
However, there was a trend of increased habitual physical activity
time and decreased sedentary time on weekends in normal
weight but not overweight/obese children with asthma following
training.

Lipid Panel (Table 4)

Mean total cholesterol levels were 145 mg/dL (25.4) and one
participant with elevated level at baseline (> 200 mg/dL).
Mean triglycerides were 79.5 ml/dL (34.5) at baseline and one
participant with elevated level at baseline (> 150 mg/dL). Mean
LDL levels were 83.1(26.2) at baseline. Mean HDL levels were
46.1 ml/dL (8.4) with two participants with low levels at baseline
(< 40 mg/dL). HDL levels improved from a mean of 46.1 to
49.5 mg/dL after training (p < 0.04). Participants with abnormal
lipid levels were all obese (BMI %ile > 95). Total cholesterol,
LDL, and triglycerides levels were not significantly different after
training; however, participants with elevated total cholesterol or
triglyceride levels at baseline all improved to within normal limits
following training.

DISCUSSION

This pilot study is the first to test a school-based program
specifically designed to improve aerobic fitness in low-SES
children with asthma. We found evidence that the 16-week
aerobic exercise program was feasible in that there was a
high attendance rate among participants for the training
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sessions and all but two participants completed the training. In
discussions with families, the majority of participants enjoyed
their involvement in the program, and parents/guardians were
supportive of their children’s participation. School personnel
communicated to our team that they would welcome studies of
this nature in the future. A major strength of the pilot was our
ability to demonstrate improvements in cardiorespiratory fitness
in a school-based setting (27). We showed significant increases in
robust physiological metrics including VO,max, lean body mass,
and an increase in HDL. Finding these measurable effects of the
training program addresses a key deficiency in many previous
exercise training studies in children because the exercise-training
associated biological improvements can be used to gauge the
impact of the training on disease related phenotypes, in this case,
asthma-related metrics.

Previous lifestyle interventions have required participants
to travel to centralized training facilities. This approach is
not practical or sustainable in communities with high risk
populations, particularly in lower-SES and minority areas. In
contrast, school-based interventions, considered by parents and
children as familiar, safe, and accessible venues, have been shown
to improve cardiorespiratory fitness and physical activity in
children by utilizing exercise sessions in addition to physical
education classes (28, 29). Our project was possible only because
of the strong relationships built with local schools and their
active engagement with the families. In the communities where
we partnered with the schools, the school grounds were among
the only areas accessible and safe for the participants to engage
in active play. We partnered with the after-school activities to
coordinate space and time. While sessions were led by physical
education specialists, these activities could be planned and
executed by any trained staff. Utilizing HR monitors allowed
the participants to get into the target zone. We found that
utilizing array of small equipment and games (felt by the
participants to be fun) from session to session was important
to keep the children engaged throughout the length of the
intervention.

Obesity and overweight status contribute to a wide range of
health threats in children, ranging from increased cardiovascular
disease risk to type 2 diabetes (30, 31). At baseline, 42% of
our participants were normal weight using BMI %iles; however,
when looking at body composition using % body fat (a metric
obtained by DXA, not possible with BMI alone), all but one were
equal to or greater than the 85th percentiles, highlighting the
limitations of BMI in defining obesity in children during the
period of growth and development in which rapid changes in
body composition occur. Furthermore, BMI cannot distinguish
between fat mass and lean mass and may fail to identify as many
as 25% of children with excess body fat (32). Despite this, many
health interventions in children target body composition (usually
measured solely as BMI), most likely due to the relative ease
of measuring height and weight and the additional expense and
time required for assessments like DXA. These interventions are
typically multifaceted, incorporating diet, physical activity, and
motivational counseling. While the rationale for these complex
interventions is understandable, multifaceted designs confound
the investigators’ ability to identify which component of the

intervention (e.g., diet or exercise) led to the improved health
outcome.

There are only a few studies targeting weight loss as a means
to ameliorate asthma outcomes in obese asthmatic children
(33-36). The interventions used varied from multifactorial
interventions with both exercise and nutritional counseling
to diet alone. Overall, weight loss was associated with
improvements in asthma control, asthma-related quality of
life, and exercise-induced bronchoconstriction (33, 37, 38).
Jensen et al was the only pediatric study to measure body
composition (using DXA) and found correlations between
changes in % body fat or % lean mass and inflammatory markers
(for example, C-reactive protein, exhaled nitric oxide). Lucas
et al retrospectively compared healthy and asthmatic children
in a 12-week nutrition and physical activity intervention in
children who were overweight/obese or at risk of obesity and
found significant improvements in BMI percentile or z-score
as well as VO,max (39). Fifty-eight percent of the sample
completed the program though there was no difference in
attrition between healthy and asthmatic children. However,
the study did not report any asthma outcomes. None of the
previous studies focused solely on improvements in aerobic
fitness or evaluated relationships between fitness and asthma
outcomes. In our study, which primarily focused on aerobic
fitness, we did not observe significant improvement in BMI
%ile, but we did find improvements in lean body mass. The
anti-inflammatory effect of routine physical activity and
exercise may be mediated through several mechanism(s),
including a reduction in NF-kf levels, glucocorticoid receptor
expression, or anti-inflammatory cytokines (40, 41). Other
possible mechanisms of exercise training on asthma include
increasing the ventilatory threshold, reduction in the perception
of breathlessness, or improving exercise tolerance (42-44).
Improving fitness may mitigate chronic inflammation,
which is one of the key common features of both obesity
and asthma (45), and reducing chronic inflammation may
lead to improvements in asthma outcomes and overall
health.

We found improvements in asthma quality of life in
symptoms, emotional function, and overall score using
the PAQLQ following the exercise program. We also
found improvement in the emotion (family) domain using
the Children’s Health Survey for asthma. In contrast to
the other intervention studies targeting obese asthmatic
children, we did not find any significant difference in
asthma control or pulmonary function following the
exercise intervention (37). The majority of our study
participants had well-controlled asthma as well as normal
lung function at baseline. Additionally, half of the
participants with persistent asthma were able to decrease
or discontinue their daily medications which is consistent
with other studies reporting a reduction in inhaled or
systemic corticosteroids following an training
intervention (42, 46).

The exercise program was effective in improving aerobic
fitness with no significant difference in habitual physical
activity or sedentary behavior. Previous studies evaluating

exercise
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the relationship between CPET measures of physical
fitness and habitual physical activity have consistently
shown relatively weak correlations between these two
variables (12, 47), dispelling the fear that an organized
exercise intervention would reduce habitual physical
activity. Sedentary behavior appears to be an independent
risk factor for worse cardiometabolic health and obesity
(48).

STUDY LIMITATIONS

Our project was targeted at a predominantly Hispanic, lower SES
community in Southern California and our findings might not
be generalizable to all children with asthma. However, we believe
that there is a commonality in the willingness of all children,
regardless of race or ethnicity to participate in fun exercise
activities. Additionally, this was a pilot feasibility project with a
small sample size and we cannot assess the effectiveness of our
results in comparison to a control group that was not exposed to
the exercise-training intervention.

CONCLUSION

A school-based exercise training intervention is a promising
approach to promote fitness and health outcomes in children
with asthma, including those from lower SES minority
communities. Utilizing the schools provides a safe venue for
children and serves as a potentially sustainable model for fitness
interventions in children. Our study sets thestage for larger
multicenter randomized controlled trials designed to improve
fitness and study how exercise can be best used as an adjunct
therapy to improve asthma outcomes.

REFERENCES

1. Asthma Control Program N. Asthma Facts: CDC’s National Asthma Control
Program Grantees. Centers Dis Control Prev (2013). Available online at:
https://www.cdc.gov/asthma/pdfs/asthma_facts_program_grantees.pdf
(Accessed March 6, 2017).

2. Weinmayr G, Forastiere F Biichele G, Jaensch A, Strachan DP, Nagel
G, et al. Overweight/obesity and respiratory and allergic disease in
children: international study of asthma and allergies in childhood (ISAAC)
phase two. PLoS ONE (2014) 9:e113996. doi: 10.1371/journal.pone.0
113996

3. Okubo Y, Nochioka K, Hataya H, Sakakibara H, Terakawa T, Testa M.
Burden of obesity on pediatric inpatients with acute asthma exacerbation
in the United States. ] Allergy Clin Immunol Pract. (2016) 4:1227-31.
doi: 10.1016/j.jaip.2016.06.004

4. Lu KD, Billimek J, Bar-Yoseph R, Radom-Aizik S, Cooper DMDM,
Anton-Culver H. Sex differences in the relationship between fitness and
obesity on risk for asthma in adolescents. J Pediatr. (2016) 176:36-42.
doi: 10.1016/j.jpeds.2016.05.050

5. Holderness H, Chin N, Ossip DJ, Fagnano M, Reznik M, Halterman ]JS.
Physical activity, restrictions in activity, and body mass index among urban
children with persistent asthma. Ann Allergy, Asthma Immunol. (2017)
118:433-8. doi: 10.1016/].ANAL2017.01.014

6. Andersen LB, Riddoch C, Kriemler S, Hills A, Hills A. Physical activity and
cardiovascular risk factors in children. Br | Sports Med. (2011) 45:871-6.
doi: 10.1136/bjsports-2011-090333

ETHICS STATEMENT

This study was carried out in accordance with the
recommendations of University of California Institutional
Review Board Committee with written informed assent and
consent from all subjects and their parents/guardians. All
subjects and their parents/guardians gave written informed
assent/consent in accordance with the Declaration of Helsinki.
The protocol was approved by the University of California
Institutional Review Board Committee.

AUTHOR CONTRIBUTIONS

KL and SR-A: Conception and design of the research study; KL,
FH, DC, and SR-A: Data analysis and interpretation; KL, FH, DC,
and SR-A: Review and approval of manuscript.

FUNDING

This work was supported by NIH P01-HDO048721; the UCI
Institute for Clinical and Translational Science (CTSA grant)
UL1 TRO001414; Children’s Hospital of Orange County—
University of California, Irvine Child Health Research
Award.

ACKNOWLEDGMENTS

We would like to thank all of the participants and their
families. We would also like to thank Sigal Ben-Ad for
providing the exercise training for the program and Hoang
Pham for his technical assistance in the human performance
laboratory.

7. Eichenberger PA, Diener SN, Kofmehl R, Spengler CM. Effects of exercise
training on airway hyperreactivity in asthma: a systematic review and meta-
analysis. Sport Med. (2013) 43:1157-70. doi: 10.1007/s40279-013-0077-2

8. Lu KD, Breysse PN, Diette GB, Curtin-Brosnan J, Aloe C, Williams DL,
et al. Being overweight increases susceptibility to indoor pollutants among
urban children with asthma. J Allergy Clin Immunol. (2013) 131:1017-23.
doi: 10.1016/j.jaci.2012.12.1570

9. Miech RA, Kumanyika SK, Stettler N, Link BG, Phelan JC, Chang VW.
Trends in the association of poverty with overweight among US adolescents,
1971-2004. JAMA (2006) 295:2385-93. doi: 10.1001/jama.295.20.2385

10. Grammer LC, Weiss KB, Pedicano JB, Kimmel LG, Curtis LS, Catrambone
CD, et al. Obesity and asthma morbidity in a community-based adult cohort
in a large urban area: the Chicago initiative to raise asthma health equity
(CHIRAH). ] Asthma (2010) 47:491-5. doi: 10.3109/02770901003801980

11. Swain DP, Franklin BA. Comparison of cardioprotective benefits of vigorous
versus moderate intensity aerobic exercise. Am ] Cardiol. (2006) 97:141-7.
doi: 10.1016/j.amjcard.2005.07.130

12. Armstrong N, Tomkinson G, Ekelund U. Aerobic fitness and its relationship
to sport, exercise training and habitual physical activity during youth. Br J
Sports Med. (2011) 45:849-58. doi: 10.1136/bjsports-2011-090200

13. Baquet G, van Praagh E, Berthoin S. Endurance training and
aerobic fitness in young people. Sports Med. (2003) 33:1127-43.
doi: 10.2165/00007256-200333150-00004

14. Wanrooij VH, Willeboordse M, Dompeling E, van de Kant KD. Exercise
training in children with asthma: a systematic review. Br ] Sports Med. (2014)
48:1024-31. doi: 10.1136/bjsports-2012-091347

Frontiers in Pediatrics | www.frontiersin.org

December 2018 | Volume 6 | Article 380


https://www.cdc.gov/asthma/pdfs/asthma_facts_program_grantees.pdf
https://doi.org/10.1371/journal.pone.0113996
https://doi.org/10.1016/j.jaip.2016.06.004
https://doi.org/10.1016/j.jpeds.2016.05.050
https://doi.org/10.1016/J.ANAI.2017.01.014
https://doi.org/10.1136/bjsports-2011-090333
https://doi.org/10.1007/s40279-013-0077-2
https://doi.org/10.1016/j.jaci.2012.12.1570
https://doi.org/10.1001/jama.295.20.2385
https://doi.org/10.3109/02770901003801980
https://doi.org/10.1016/j.amjcard.2005.07.130
https://doi.org/10.1136/bjsports-2011-090200
https://doi.org/10.2165/00007256-200333150-00004
https://doi.org/10.1136/bjsports-2012-091347
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Luetal.

Asthma and School-Based Exercise Training

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Rasberry CN, Lee SM, Robin L, Laris BA, Russell LA, Coyle KK, Nihiser
AJ. The association between school-based physical activity, including physical
education, and academic performance: A systematic review of the literature.
Prev Med. (2011) 52:5S10-20. doi: 10.1016/j.ypmed.2011.01.027

Reznik M, Wylie-Rosett J, Kim M, Ozuah PO. A classroom-based physical
activity intervention for urban kindergarten and first-grade students: a
Feasibility study. Child Obes. (2015) 11:314-24. doi: 10.1089/chi.2014.0090
Centers for Disease Control and Prevention. About Teen and Child BMI
(2016). Available online at: http://www.cdc.gov/healthyweight/assessing/bmi/
childrens_bmi/about_childrens_bmi.html

McCarthy HD, Cole TJ, Fry T, Jebb SA, Prentice AM. Body fat reference curves
for children. Int ] Obes. (2006) 30:598-602. doi: 10.1038/sj.ij0.0803232
American Thoracic Society; European Respiratory Society. ATS/ERS
recommendations for standardized procedures for the online and
offline measurement of exhaled lower respiratory nitric oxide and
nasal nitric oxide, 2005. Am ] RespirCrit Care Med. (2005) 171:912-30.
doi: 10.1164/rccm.200406-710ST

Juniper EF, Gruffydd-Jones K, Ward S, Svensson K, Juniper E,
O’Byrne P, et al. Asthma Control Questionnaire in children: validation,
measurement properties, interpretation. Eur Respir J. (2010) 36:1410-6.
doi: 10.1183/09031936.00117509

Asmussen L, Olson LM, Grant EN, Fagan ], Weiss KB. Reliability and
validity of the Children’s health survey for asthma. Pediatrics (1999) 104:e71.
doi: 10.1542/PEDS.104.6.E71

Juniper EE Guyatt GH, Feeny DH, Ferrie PJ, Griffith LE, Townsend M.
Measuring quality of life in children with asthma. Qual Life Res. (1996)
5:35-46.

National Asthma Education and Prevention Program. Expert Panel Report
3 (EPR-3): guidelines for the diagnosis and management of asthma-
summary report 2007. ] Allergy Clin Immunol. (2007) 120:594-138.
doi: 10.1016/j.jaci.2007.09.043

Evenson KR, Catellier D], Gill K, Ondrak KS, McMurray RG. Calibration of
two objective measures of physical activity for children. J Sports Sci. (2008)
26:1557-65. doi: 10.1080/02640410802334196

Rowland T, Hagenbuch S, Pober D, Garrison A. Exercise Tolerance and
thermoregulatory responses during cycling in boys and men. Med Sci Sport
Exerc. (2008) 40:282-7. doi: 10.1249/mss.0b013e31815a95a7

Bongers BC, van brussel M, Hulzebos EHJ, Takken T. Pediatric Norms
for Cardiopulmonary Exercise Testing In Relation to Sex and Age. 2nd ed.
’s-Hertogenbosch: Uitgeverij BOXPress (2014).

Kriemler S, Meyer U, Martin E, van Sluijs EMF, Andersen LB, Martin BW.
Effect of school-based interventions on physical activity and fitness in children
and adolescents: a review of reviews and systematic update. Br ] Sports Med.
(2011) 45:923-30. doi: 10.1136/bjsports-2011-090186

Minatto G, Barbosa Filho VC, Berria ], Petroski EL. School-based
interventions to improve cardiorespiratory fitness in adolescents:
systematic review with meta-analysis. Sport Med. (2016) 46:1273-92.
doi: 10.1007/540279-016-0480-6

Dobbins M, Husson H, DeCorby K, LaRocca RL. School-based physical
activity programs for promoting physical activity and fitness in children
and adolescents aged 6 to 18. Cochrane Database Syst Rev. (2013)
doi: 10.1002/14651858.CD007651.pub2

Ayer ], Charakida M, Deanfield JE, Celermajer DS. Lifetime risk:
childhood obesity and cardiovascular risk. Eur Heart J. (2015) 36:1371-6.
doi: 10.1093/eurheartj/ehv089

Pulgaron ER, Delamater AM. Obesity and type 2 diabetes in
children: epidemiology and treatment. Curr Diab Rep. (2014) 14:508.
doi: 10.1007/s11892-014-0508-y

Javed A, Jumean M, Murad MH, Okorodudu D, Kumar S, Somers VK, et al.
Diagnostic performance of body mass index to identify obesity as defined
by body adiposity in children and adolescents: a systematic review and
meta-analysis. PediatrObes. 10:234-44 (2014). doi: 10.1111/ijpo.242
Luna-Pech JA, Torres-Mendoza BM, Luna-Pech JA, Garcia-Cobas CY,
Navarrete-Navarro S, Elizalde-Lozano AM. Normocaloric diet improves

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

asthma-related quality of life in obese pubertal adolescents. Int Arch Allergy
Immunol. (2014) 163:252-8. doi: 10.1159/000360398

Scott HA, Gibson PG, Garg ML, Pretto JJ, Morgan PJ, Callister R, et al. Dietary
restriction and exercise improve airway inflammation and clinical outcomes
in overweight and obese asthma: a randomized trial. Clin Exp Allergy (2013)
43:36-49. doi: 10.1111/cea.12004

Abd El-Kader MS, Al-Jiffri O, Ashmawy EM. Impact of weight loss on markers
of systemic inflammation in obese Saudi children with asthma. AfrHealth Sci.
(2013) 13:682-8. doi: 10.4314/ahs.v13i3.23

Willeboordse M, Kant KDG van de, Tan FES, Mulkens S, Schellings ], Crijns
Y, et al. A multifactorial weight reduction programme for children with
overweight and asthma: a randomized controlled trial. PLoS ONE (2016)
11:¢0157158. doi: 10.1371/journal.pone.0157158

Jensen ME, Gibson PG, Collins CE, Hilton JM, Wood LG. Diet-induced
weight loss in obese children with asthma: a randomized controlled trial. Clin
Exp Allergy (2013) 43:775-84. doi: 10.1111/cea.12115

van Leeuwen JC, Hoogstrate M, Duiverman EJ, Thio BJ. Effects of
dietary induced weight loss on exercise-induced bronchoconstriction in
overweight and obese children. Pediatr Pulmonol. (2013) 49:1155-61.
doi: 10.1002/ppul.22932

Lucas JA, Moonie S, Hogan MB, Evans WN. Efficacy of an exercise
intervention among children with comorbid asthma and obesity. Public
Health (2018) 159:123-8. doi: 10.1016/j.puhe.2018.02.014

Silva RA, Almeida FM, Olivo CR, Saraiva-Romanholo BM, Martins MA,
Carvalho CR. Exercise reverses OVA-induced inhibition of glucocorticoid
receptor and increases anti-inflammatory cytokines in asthma. Scand ] Med
Sci Sport (2016) 26:82-92. doi: 10.1111/sms.12411

Pastva A, Estell K, Schoeb TR, Atkinson TP, Schwiebert LM. Aerobic exercise
attenuates airway inflammatory responses in a mouse model of atopic asthma.
J Immunol. (2004) 172:4520-6. doi: 10.4049/jimmunol.172.7.4520

Fanelli A, Cabral AL, Neder JA, Martins MA, Carvalho CR. Exercise training
on disease control and quality of life in asthmatic children. Med Sci Sports
Exerc. (2007) 39:1474-80. doi: 10.1249/mss.0b013e3180d099ad

Ram FS, Robinson SM, Black PN. Effects of physical training in
asthma: a systematic review. Br ] Sports Med. (2000) 34:162-7.
doi:10.1136/BJSM.34.3.162

Hallstrand TS, Bates PW, Schoene RB. Aerobic conditioning in mild asthma
decreases the hyperpnea of exercise and improves exercise and ventilatory
capacity. Chest (2000) 118:1460-9. doi: 10.1378/chest.118.5.1460

Khan UI, Rastogi D, Isasi CR, Coupey SM. Independent and synergistic
associations of asthma and obesity with systemic inflammation in
adolescents. J Asthma (2012) 49:1044-50. doi: 10.3109/02770903.2012.
728271

King M]J, Noakes TD, Weinberg EG. Physiological Effects of a Physical
Training Program in Children with Exercise-Induced Asthma. Pediatr Exerc
Sci. (1989) 1:137-44. doi: 10.1123/pes.1.2.137

Morrow JR, Freedson PS. Relationship between habitual physical activity
and aerobic fitness in adolescents. Pediatr Exerc Sci. (1994) 6:315-29.
doi: 10.1123/pes.6.4.315

Page A, Peeters G, Merom D. Adjustment for physical activity in
studies of sedentary behaviour. Emerg Themes Epidemiol. (2015) 12:10.
doi: 10.1186/512982-015-0032-9

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Lu, Cooper, Haddad and Radom-Aizik. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Pediatrics | www.frontiersin.org

December 2018 | Volume 6 | Article 380


https://doi.org/10.1016/j.ypmed.2011.01.027
https://doi.org/10.1089/chi.2014.0090
http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_bmi.html
http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_bmi.html
https://doi.org/10.1038/sj.ijo.0803232
https://doi.org/10.1164/rccm.200406-710ST
https://doi.org/10.1183/09031936.00117509
https://doi.org/10.1542/PEDS.104.6.E71
https://doi.org/10.1016/j.jaci.2007.09.043
https://doi.org/10.1080/02640410802334196
https://doi.org/10.1249/mss.0b013e31815a95a7
https://doi.org/10.1136/bjsports-2011-090186
https://doi.org/10.1007/s40279-016-0480-6
https://doi.org/10.1002/14651858.CD007651.pub2
https://doi.org/10.1093/eurheartj/ehv089
https://doi.org/10.1007/s11892-014-0508-y
https://doi.org/10.1111/ijpo.242
https://doi.org/10.1159/000360398
https://doi.org/10.1111/cea.12004
https://doi.org/10.4314/ahs.v13i3.23
https://doi.org/10.1371/journal.pone.0157158
https://doi.org/10.1111/cea.12115
https://doi.org/10.1002/ppul.22932
https://doi.org/10.1016/j.puhe.2018.02.014
https://doi.org/10.1111/sms.12411
https://doi.org/10.4049/jimmunol.172.7.4520
https://doi.org/10.1249/mss.0b013e3180d099ad
https://doi.org/10.1378/chest.118.5.1460~
https://doi.org/10.3109/02770903.2012.728271
https://doi.org/10.1123/pes.1.2.137
https://doi.org/10.1123/pes.6.4.315
https://doi.org/10.1186/s12982-015-0032-9
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Four Months of a School-Based Exercise Program Improved Aerobic Fitness and Clinical Outcomes in a Low-SES Population of Normal Weight and Overweight/Obese Children With Asthma
	Introduction
	Methods
	Study Participants
	Study Design
	Anthropometric Measurements
	Pulmonary Function Testing
	Asthma Questionnaires
	Physical Activity Monitoring
	Cardiopulmonary Exercise Test (CPET)
	Blood Sample Collection
	Exercise Training Intervention
	Statistical Analysis

	Results
	Demographics
	Training Program
	Cardiopulmonary Fitness (Table 2)
	Body Composition
	Asthma Outcomes (Table 3)
	Healthcare Utilization
	Asthma Control
	Asthma Quality of Life
	Medications
	Pulmonary Function
	Physical Activity and Sedentary Time
	Lipid Panel (Table 4)


	Discussion
	Study Limitations
	Conclusion
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


