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ABSTRACT

Background: Asthma is the leading chronic condition among children. Given this international burden, clinicians and
public health professionals applied the Expanded Chronic Care Model to address health adversities of pediatric patients with
asthma.

Objective: This study examined the influence of a clinical health promotion initiative on asthma control and appropriate
medication management among pediatric patients.

Methods: Patients (n = 304) were recruited and screened for participation in this study. All the patients participated in
a motivational interview, received clinical care, and were monitored longitudinally. Eligible patients (n = 53) were referred to
one or more intervention pathways regarding physical activity, nutrition, smoking cessation, and psychosocial wellness. A
comparison group (n = 90) was eligible for an intervention but chose not to participate. This analysis focused on patients who
were identified as needing a health intervention beyond asthma clinical care.

Results: Among patients who were invited to participate in the health promotion pathways, significant decreases in asthma
exacerbation were achieved by the patients who participated in the intervention compared with those who did not participate
(p = 0.018). Significant improvements in asthma exacerbation, activity limitations, and asthma control were attributed to the
time in clinical care (p < 0.001). In this group, asthma control significantly improved with medication (p = 0.002), and age
was associated with a significant decrease in asthma exacerbation (p = 0.011).

Conclusions: This pilot study demonstrated preliminary benefits in a child asthma population. In addition, this experience

addressed the chronicity of pediatric asthma through patient-centered care.
(Allergy Asthma Proc 37:e70-e76, 2016; doi: 10.2500/aap.2016.37.3967)

Asthma is the leading chronic condition among
children. In Italy, the prevalence of asthma diag-
noses is 9.5% among adolescents and 10.4% among
children." These estimates are comparable with other
developed countries, which highlights the need for a
more holistic approach to asthma prevention.>® In ad-
dition to the economic burden of asthma-related health
costs, children with asthma are often restricted from
daily childhood activities and display higher school
absenteeism rates relative to students without
asthma.>*

To date, most published reports are directed to stud-
ies that evaluated the benefit of pharmacologic treat-
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ment and avoidance of allergens and triggers by using
optimal educational strategies designed to maximize
this outcome. Kuo et al.* emphasize the need to iden-
tify, monitor, and study other health indicators that
may directly affect the quality of life and management
of a child with asthma.* Several studies comment on
the potential benefit of behavioral interventions pro-
vided by a multidisciplinary team as a means to en-
hance adherence to treatment.*™® (Fig. 1)

However, these health promotion behavioral health
interventions are often not components of a compre-
hensive clinical and educational program focused on
the care of children with asthma, especially those chil-
dren with uncontrolled asthma.” The overall effective-
ness of clinics dedicated to the care of children with
asthma, needs further study and evaluation.

HEALTH SIGNIFICANCE OF PEDIATRIC
ASTHMA

Psychosocial Influence

Children who are diagnosed with asthma have a
reduced quality of life,>'" with a limited ability to run
and participate in sports, and a greater risk for being
bullied."""'* Other behavioral challenges experienced
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Figure 1. Conceptual framework outlining the theoretical influ-
ence of clinical-based health promotion on pediatric patients with
asthma.

by children with asthma include an increased likeli-
hood of attention-deficit/hyperactivity disorder, de-
pression, anxiety, and difficulty learning.’

Tobacco Exposure

In utero exposure to tobacco smoke, e.g., increases the
likelihood of asthma in children, whereas exposure to
postnatal tobacco smoke or second-hand smoke is as-
sociated with wheezing, bronchitis, pneumonia, and
other pulmonary impairments. The relationship of
smoking and asthma has been demonstrated at multi-
ple levels, mainly stemming from familial exposure to
smoke.'>*

Obesity and Nutrition

Results of a recent study also demonstrated a rela-
tionship between obesity, television viewing, exercise,
and newly diagnosed asthma in school-age children.'
The relationship between asthma and obesity is well
established a recent study, although the pathophysio-
logic mechanisms that link both diseases remain un-
known. Results a recent study demonstrated the role of
proinflammatory cytokines in the theory of pathogen-
esis of obesity-related asthma as improper control of
pulmonary function.'” In addition, individuals who are
obese have low vitamin D status, and there is emerging
evidence that vitamin D affects the risk of acute inflam-
matory infections and corticosteroid responsiveness in
individuals with asthma.

In this review, we summarized the association be-
tween obesity and asthma severity and/or control in
children and discuss acute inflammatory infections
and corticosteroid responsiveness as potential media-
tors in the obesity-asthma pathway.'® As individuals
move from childhood to adolescence, less time is spent
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being active and more time is spent participating in
sedentary behaviors (e.g., television viewing, playing
video games),"” which increases one’s likelihood to
become obese. Gilliland et al."” found that being over-
weight or obese increased a child’s risk for new-onset
asthma by >50%; children who were overweight and
obese also have a higher use of asthma medications.

The aim of this study was to enhance the educational
component of the intervention to specifically address
health adversities that may hinder and exacerbate pe-
diatric patients with asthma. We hypothesized that
clinical care and education for proper asthma manage-
ment, medication usage, and behavioral interventions,
when appropriate, will increase asthma control in pe-
diatric patients.

METHODS

Allergy/pulmonology specialist (5.G.) and a public
health nurse (A.P.) provided care and recruited pa-
tients and parents from Centro Io e I’Asma (Centro),
Spedali Civili Hospital, in Brescia, Italy, for this study
during clinical visits (Fig. 2). All patients ages 5-18
years were considered eligible to participate in at least
one portion of the study (clinical care only versus
clinical care and health promotion). The Centro, a net-
work member of the Health Promoting Hospitals, pro-
vides pediatric patients with asthma with specialty
allergy and pulmonology care.'®

All the patients, regardless of eligibility, received at
least three clinical evaluations (baseline, 8 weeks, and
16 weeks) and two follow-up visits, at 6 months and 1
year. The patients were evaluated and treated based on
the Global Initiative for Asthma guidelines."” During
each evaluation, the patients and parents were asked
up to 150 asthma-related questions by using a dedi-
cated data base, which allowed for longitudinal track-
ing of patients” health. Furthermore, all the patients
and their families were recruited for a motivational
interview to discuss asthma management and asthma-
related health adversities.

Patients and their parents who consented to the
study, were asked to complete a screening question-
naire to assess their need for targeted intervention
about nutrition, physical activity, smoking exposure,
and psychosocial well-being by using an algorithm
developed by the health promotion research team. Pa-
tients and parents who scored above the preset bench-
mark on the screening questionnaire were invited to
participate in one or more of the four interventions.
Patients diagnosed as being overweight or obese were
automatically invited to receive the nutritional inter-
vention. This study was reviewed and approved by the
research ethics committee at Spedali Civili, Brescia,
Italy (clinical trial registration no. 930, date of ap-
proval, December 14, 2011).
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Figure 2. The study approach.

Data Collection

Health Promotion Pathways. Four intervention path-
ways were developed to address underlying health
adversities associated with pediatric asthma. Consent-
ing patients were referred to one or more intervention
pathways based on the screening questionnaire that
they and their parents completed during the first clin-
ical visit. Pre- and postquestionnaires were given to the
patients to capture any changes that may have oc-
curred during the course of the intervention.

Psychosocial Pathway. Validated tools were used to
assess the presence of anxiety, depression, and other
psychosocial conditions.® This intervention was con-
ducted by a neuropsychiatrist who determined the
length of treatment based on clinical assessment. Ini-
tially, the physician gathered information from parents
about the patient’s family history. Parents of children
<11 years old completed the Child Behavior Check-
list/6-18 Diagnostic Statistical Manual-Oriented Scale
on their child’s behalf. Younger children also under-
went a psychiatric evaluation in which they drew a
picture based on a theme provided by the neuropsy-
chiatrist. Similarly, patients who were =11 years of age
completed the Youth Self-Report 6-18 Diagnostic Sta-
tistical Manual-Oriented Scale. The patients were
asked to attend one 45-minute session each week for a
total of four to six sessions. The patients were released
from the pathway at the discretion of the neuropsy-
chiatrist. However, some children were recom-
mended to attend more than six sessions. Patients
who needed long-term care were referred to a psy-
chologist.

er2

Physical Activity Pathway. This intervention pathway
was designed by a physical activity specialist to en-
courage physical activity among inactive patients and
to teach the importance of exercise and techniques to
achieve quality breathing. The intervention took place
in a group format for children ages 10-18 years by
using PowerPoint and video presentations, printed
materials, and exercise equipment. Due to challenges
encountered in previous studies, children ages of 5-9
years were not included in the intervention. Instead,
parents of children who fell within the younger age
group attended the physical activity intervention if
their child was identified as obese or having poor
nutritional habits. The intervention consisted of three
weekly sessions for 1.5 hours. During this time frame,
the patients were asked to record their daily physical
activity in a diary. The Borg Scale,'' an objective mea-
sure, was used to assess the physical activity of the
patients before and after the intervention. Pre- and
postquestionnaires were also administered to assess
the participants’ perception of their physical activity
level.

Nutrition Pathway. This pathway, developed and
conducted by a nutritionist, was structured into two
groups according to the age range (5-9 years and 10-14
years) and consisted of individual and group sessions.
Three weekly meetings of 1.5 hours each were held,
followed by two follow-up sessions of 30 minutes each
at 1 month and at 3 months from the first follow-up
session. A meeting for parents was held at the conclu-
sion of the intervention. However, at the end of each
meeting, the parents were briefed on what their child
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Table 1 Sex, age, and nationality for all participant groups

Participant Groups (N = 304)

Clinical Care Only,
no. (% ) (n = 161)

Participated in Targeted Health
Intervention-Exposed, no. (%)

Opted Out of Targeted Health
Intervention-Comparison, no. (%)

(n = 53) (n = 90)

Boys 98 (61) 35 (66) 62 (69)
Age

05y 5(@3) 2(4) 4 (4)

>5-10y 93 (58) 26 (49) 56 (62)

>10-16 y 63 (39) 25 (47) 30 (33)
Nationality

Italian 159 (99) 47 (89) 82 (91)

Other 1(1) 6 (11) 8(9)

had been taught and were given a corresponding ed-
ucational brochure. The patients and their parents kept
a weekly food diary, which were revised by the nutri-
tion specialist. Food props were used to increase un-
derstanding, particularly among the younger children.
Patients identified as overweight or obese were re-
ferred to this pathway regardless of their reported
nutrition habits.

Smoking Pathway. This pathway was based on the
transtheoretical model to provide individual-based ed-
ucation and behavior changes for pediatric patients
who smoke.”® Two monthly meetings were held, with
a follow-up meeting at 6 months. Sessions followed the
stages-of-change approach, which provided the pa-
tients with appropriate cessation milestones and moti-
vation. In between sessions, the specialist called pa-
tients and gauged their position within the theoretical
model. Before and after the intervention, the patients
were given a carbon dioxide test,”' a biologic indicator
of exposure to smoke or smoking activity, and their
degree of physical dependence on nicotine was as-
sessed via the Fagerstrom Nicotine Dependence Test.”

Statistical Analysis

A longitudinal cumulative link mixed-effects
model® was used to determine the effect of the med-
ication and health behavior modification on asthma
control. A longitudinal random intercept Poisson re-
gression model was fitted to exacerbations. A longitu-
dinal random intercept logistic regression model was
fitted to limitations. Analyses were conducted by using
the R software for statistical computation and graphics
(version 3.2.2)** The ordinal R package (version
2015.6-28)* was used to fit the longitudinal cumula-
tive link mixed-effects models. For the purpose of this
study, only patients who were identified as needing
additional asthma-related intervention were included
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in this analysis. The treatment group completed the
intervention, whereas the control group did not.

RESULTS

The participants in this study were drawn from the
total population of pediatric patients with asthma (n =
304) who were all seeking specialized allergy and/or
pulmonology care at our center. For the purpose of this
analysis, only participants who scored high enough on
a screening questionnaire that indicated eligibility for
one or more of the health promotion pathways were
included (n = 143). The participants who were not
identified as being eligible for one of the four health
promotion pathways (1 = 161) were excluded from the
current analysis (Fig. 2; Table 1). Of the patients who
were invited to participate in the health promotion
pathways (n = 143), 53 participated; the remaining
(n = 90) did not participate and served as the compar-
ison group (Table 1). Across the groups, the majority of
the participants were boys, Italian, and within the
>5-10 years age range (Table 1).

The results of exacerbations, limitations, and asthma
control as a function of time in clinical care; participa-
tion in the health promotion pathway; daily medica-
tion; and age are described in Table 2. First we de-
scribed the fixed effects. Note that the time in clinical
care was a subject-specific effect (a longitudinal vari-
able), whereas participation in the health promotion
pathway, baseline age, and sex were cross-sectional
variables. The subject-specific time in clinical care
showed the effect on the individual child, whereas
the cross-sectional variables only allowed us to com-
pare different children. In addition, because daily
medication often changed over time, we could esti-
mate a subject-specific effect that allowed us to di-
rectly see how changing medication affected chil-
dren individually.
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Table 2 Fixed and random effects of exacerbations, limitations, and asthma control*

Exacerbations Activity Asthma Control
Limitations
PC p OR p OR p

Fixed effects

Intercept (baseline) 1.220 0.573 1.441 0.502

Uncontrolled or partially controlled 0.551 0.161

Partially or well controlled 0.959 0.930

Time (days) in clinical care 0.996 <0.001# 0.992 <0.001# 1.005 <0.001#

Participation in health promotion 0.586 0.018# 0.686 0.222 1.132 0.647

pathway

Daily medication 0.862 0.441 0.663 0.148 2.389 0.002#

Age (years) 0.912 0.011# 0.966 0.498 1.023 0.612

Girls 1.463 0.068 1.343 0.362 0.687 0.182
Exponentiated estimated SD for the random +1.598 +2.260 +1.664

intercept

PC = proportional change; OR = odds ratio; SD = standard deviation.
*Fixed effect estimated PC in asthma-related exacerbations and fixed effect estimated ORs for asthma-related limitations and
asthma control (uncontrolled, partially controlled, well controlled) based on predictors of asthma symptoms among patients who

were referred to participate in the health promotion program.

#Indicates statistically significant coefficient (p < 0.05).

For exacerbations, the longitudinal random intercept
Poisson regression model showed that, for every day a
child was included in the study, there was a propor-
tional change in exacerbations of 0.996 (p < 0.001). In
other words, each day in the study was associated with
a 0.4% decrease in exacerbations, which would be
equivalent to approximately a 77% (100% [1 -
0.996°°°]) decrease on a yearly basis. Participation in
the health promotion pathway was associated with a
proportional change of 0.586 (p = 0.018) in exacerba-
tions, that is, a 41.4% decrease. When comparing chil-
dren, the child’s baseline age was associated with a
proportional change in exacerbations of 0912 (p =
0.011), that is, an 8.8% decrease for each additional year
of age. Being female was associated with a propor-
tional change of 1.463 (p = 0.068) or a 46.3% increase in
exacerbations, but the result was just short of being
statistically significant. Daily medication was associ-
ated with a proportional change of 0.862 (p = 0.441),
but the effect was not statistically significant.

For activity limitations, the longitudinal random in-
tercept logistic regression showed that, for every day
the child was in clinical care, the odds of an activity
limitation decreased by 0.8% (odds ratio 0.992; p <
0.001). Although the effect was not significant, partic-
ipation in the health promotion pathway was associ-
ated with a decrease in odds of 31.4% (odds ratio 0.686;
p = 0.222). The effect of medication was to decrease the
odds for activity limitation by 33.7% (odds ratio 0.663;
p = 0.148) but did not reach statistical significance.
When comparing children, the child’s baseline age was
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associated with a 3.4% decrease in the odds for an
activity limitation (odds ratio 0.966; p = 0.498), but the
result was not statistically significant. Being female
increased the odds for an activity limitation by 34.3%
(odds ratio 1.343; p = 0.362), although not statistically
significant.

For asthma control, a longitudinal cumulative link
random intercept model showed that the number of
days in clinical care increased the odds for asthma
control by 0.5% (odds ratio 1.005; p < 0.001) for each
addition day in clinical care. Daily medication in-
creased the odds for asthma control by 238.9% (odds
ratio 2.389; p = 0.002). Being female decreased the odds
for asthma control by 31.3% (odds ratio 0.687; p =
0.182), but the result was not statistically significant.
When comparing children, each additional year of age
increased the odds for asthma control by 2.3% (odds
ratio 1.023; p = 0.612) but the result was not statistically
significant. Participation in the health promotion path-
way increased the odds for asthma control by 13.2%
(odds ratio 1.132; p = 0.647) but the result was not
statistically significant.

All three models were longitudinal models, which
included a random intercept. The exponentiated stan-
dard deviation for the random intercept is shown in
Table 2. In other words, these models allow each child
to have his or her own intercept to account for heter-
ogeneity of the response in which the cause(s) of the
heterogeneity is unknown. The standard deviation for
exacerbations was 1.598, which indicated that the risk
associated with a one standard deviation difference
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between two children differed by ~60%. Similarly for
activity limitations, the risk differed by a factor of 2.26
(226%). For asthma control, the risk differed by ~66%
(a factor of 1.66). Thus, even after accounting for the
fixed effects, there was substantial heterogeneity
among the children.

DISCUSSION

The purpose of this study was to assess the effects of
an expanded Chronic Care Model on a sample of pe-
diatric patients with asthma. The patients who took
part in this analysis received enhanced clinical care,
including medication when needed, and a targeted
health promotion intervention on nutrition, physical
activity, smoking, and psychosocial well-being. Con-
senting patients were selected to participate in one or
more health promotion pathways. When comparing
the two arms of the study (clinical care only versus
clinical care and health promotion), which were similar
in terms of asthma-related health, the patients in the
health promotion portion showed greater decreases in
their asthma-related limitations.

Although only time in clinical care was statistically
significant in the individual models for each of three
responses, there were several important things to note.
First, the effect of time in clinical care was positive for
each response. That is, more time in clinical care re-
sulted in fewer exacerbations, less-frequent activity
limitation, and improved asthma control. The esti-
mated effect of participation in the health promotion
pathway was also always positive (even if only statis-
tically significant for exacerbations). Daily medication,
although only statistically significant for asthma con-
trol, always had an estimated effect that was positive.
Daily medication tended to decrease the number of
exacerbations, decreased the odds for an activity limi-
tation, and increased the odds for asthma control.

Similarly, Guarnaccia et al.** documented a decrease
in asthma exacerbation and medication use, and sig-
nificant improvements in asthma severity (p < 0.001)
and use of medication for exacerbations (p < 0.001)
through interventions tailored to clinic-based educa-
tion and medication management. In a more recent
longitudinal study, 262 patients, ages 6-15 years, at-
tended three clinical visits and participated in an edu-
cational asthma session. There was a significant de-
crease in the number of hospitalizations (p < 0.001) and
school absenteeism (p < 0.001).”

CONCLUSION

This real-world study had some limitations. It was
designed to test the feasibility of adding formal health
promotion, data collection, analysis, and evaluation to
a fully operating clinical practice. We strongly recom-
mend additional research to include a larger sample of
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patients and longitudinal follow-up to allow more ex-
panded statistical analysis with increased certainty in
the findings. Little is known about the sustainability
and long-term effects of clinic-based interventions.
However, this research supported the effectiveness of
health care provider—delivered interventions short
term.*®

Findings from this study support the need for a more
comprehensive and coordinated level of care for pedi-
atric patients with asthma. In addition to integrating
health educational pathways into a clinical setting,
analysis of the data in this study indicated a need for
the identification and management of health-related
behaviors. This new approach will allow the physician
and his or her clinical care coordination team to follow
up all aspects of the child’s health, which, as demon-
strated in this study, resulted in better asthma man-
agement and outcomes. To our knowledge, this is the
first study to examine the incorporation of a compre-
hensive health promotion intervention into a clinical
setting by using a multidisciplinary health care team
and builds on the successes of other clinical asthma
interventions.
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