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Asthma is the most common chronic disease of childhood and
the leading cause of childhood morbidity as measured by school
absences, emergency department visits, and hospitalizations.
Multiple factors play a role in the development, treatment and
prevention of childhood asthma including racial/ethnic and
socioeconomic disparities, both the home and school
environments, and medication use. The goals of this review are
to summarize these aspects of asthma in school-aged children
and to present an updated review of medications as it relates to
treatment strategies that will help in the care of these children.
We conclude that phenotypic heterogeneity and appropriate
environmental assessments and interventions are important
considerations in the management of childhood
asthma. � 2018 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2018;6:726-35)
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Asthma is the most common noncommunicable childhood
disease affecting approximately 14% of children globally and
8.6% of children in the United States, with a rising prevalence
worldwide.1,2 Furthermore, asthma accounts for more than
14 million missed school days per year3 and costs billions of
dollars in health care utilization.4 Despite advancements in
asthma management and the availability of effective medications,
harmful environmental exposures and health disparities continue
to exist.5
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TABLE I. Psychosocial factors in economically disadvantaged
neighborhoods12-14
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Abbreviations used
Stress

CAMP- C
hildhood Asthma Management Program

CDC- C
enters for Disease Control and Prevention
Concentrated poverty
EPA- E
nvironmental Protection Agency

Widespread unemployment
EPR-3- E
xpert Panel Report 3

Substandard housing
FDA- F
ood and Drug Administration

Inability to pay utilities
HEPA-H
igh-efficiency particulate arrestance
High crime and violence rates
ICS- In
haled corticosteroid
Lack of social supports and control over their lives
IPM- In
tegrated pest management

LABA- L
ong-acting b-agonists

LTRA- L
eukotriene receptor antagonist
NAEPP- N
ational Asthma Education and Prevention Program

NIH- N
ational Institutes of Health
NIAID- N
ational Institute of Allergy and Infectious Disease

NO2- N
itrogen dioxide

PEF- P
eak expiratory flow

PM- P
articulate matter

RTI- R
espiratory tract illness
SAMPRO- S
chool-Based Asthma Management Program

SBHC- S
chool-based health centers

SHS- S
econdhand smoke
SICAS- S
chool Inner-City Asthma Study

SO2- S
ulfur dioxide
Children of minority groups are more likely to have a higher
prevalence of asthma, frequent emergency room visits, and are at
risk of having fragmented health care as a result of economic and
noneconomic factors.5 Moreover, environmental exposures are
known to play a major role in the pathogenesis of asthma and its
morbidity.6 Aeroallergen and airborne pollutant exposures in
urban home and school environments have been implicated in
worsening asthma symptoms in children.7 A Cochrane meta-
analysis estimated that environmental control practices reduced
the risk of current asthma by approximately 30% to 50% in
children.8 Therefore, it is important that children with asthma
take all the essential actions recommended to reduce their
exposure to indoor environmental asthma triggers.9

This review article will focus on current evidence supporting
the clinical management of asthma among school-aged children
in the context of existing racial/ethnic and socioeconomic dis-
parities, environmental exposures, current guidelines-based
treatments, and promising novel therapeutics.

RACIAL/ETHNIC AND SOCIOECONOMIC

DISPARITIES IN CHILDHOOD ASTHMA

MANAGEMENT
Racial/ethnic minorities suffer a disproportionate rate of

asthma morbidity in the United States, with the highest rate of
asthma found in Puerto Rican Americans (13.1%), followed by
African Americans (9.5%), Caucasians (7.2%), and Mexican
Americans (3.6%). Considerable asthma care disparities exist for
African Americans compared with white youths with 4 times
more emergency department visits, 3 times the hospitalization
rate, and 7.6 times the death rate.10 Low socioeconomic status
and low birth-weight, more common in African Americans, are
risk factors for asthma and poses an increased risk of developing
wheezing problems. Children from poor neighborhoods often
spend more time indoors because of lack of parks, playgrounds,
and recreational programs, resulting in an increased exposure to
potential indoor allergens.11
There are a number of psychological factors associated with
economically disadvantaged neighborhoods that have been
linked to higher rates of asthma incidence and worsening asthma
morbidity in these communities (Table I).12-14 These factors
include but are not limited to stress, high rates of unemploy-
ment, increased crime and violence rates, substandard housing,
and lack of social support. Kopel et al13 illustrated that the pri-
mary caregivers’ perception of neighborhood safety is associated
with childhood asthma morbidity among inner-city school-
children with asthma. They also demonstrated that inner-city
caregiver stress is related to worsened asthma morbidity among
children.14 Intervention studies to improve asthma outcomes in
these vulnerable populations are needed.

A patient’s cultural beliefs about health care can be a factor
that impedes the quality of asthma care.15 The School Inner-City
Asthma Study (SICAS) is a National Institute of Health (NIH)
and National Institute of Allergy and Infectious Disease (NIAID)
funded, comprehensive, prospective study of inner-city school
and classroom-specific exposures and asthma morbidity among
students in the Northeastern United States, adjusting for home
exposures.16 Gaffin et al17 demonstrated in the SICAS cohort an
association between Hispanic race and negative perceptions of
asthma medications and further showed that this perception is
connected to more asthma symptom days. They also revealed
that caregivers of Hispanic children were 5 times more likely to
be concerned that their child takes too much medication; these
medication concerns were strongly and consistently associated
with poor asthma control. In addition, the belief that their child
received too much medication was independent of caregiver
education, income, or Medicaid status suggesting that racial/
ethnic identification is the key influence on attitudes. Another
study of Hispanic and African American parents of children with
asthma found that 89% treated their children with some form of
complementary medicine, and most did not inform the child’s
physician. Of these, 59% believed that the alternative therapy
was at least as effective as the physician-prescribed medications.18

McQuaid et al19 showed that adherence to controller medica-
tions was lower among Latino children due to parental beliefs
about medication necessity. Parental concerns regarding asthma
medications might be a key modifiable risk factor for suboptimal
controller mediation use, thereby, directly influencing adherence.
Another critical issue associated with racial/ethnic disparities in
asthma management is access to and quality of health care. It has
been shown that racial/ethnic minority children are more likely
to receive fragmented and episodic health care and are less likely
to be given prescriptions for preventive medications.11

Employing members of the underserved racial and ethnic
communities as community health workers is one evidence-based
strategy for providing culturally competent care. Community



TABLE II. Exposures in indoor environment that affect asthma20

Allergens

Dust mites

Furry pets

� Cats

� Dogs

� Others

Rodents

� Mice

� Rats

Cockroach

Dampness and mold

Pollutants

Particulate matter

Secondhand smoke

Ozone

Sulfur dioxide

Nitrogen dioxide
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health workers have been legitimized for their cultural and lin-
guistic proficiency, their ability to form trusting relationships
with patients and their families, and act as mediators between
health care providers and their patients. This could be achieved
through successful home visits that include asthma education,
assessment of health literacy, medication adherence, environ-
mental assessment of common asthma triggers, educational ma-
terial for smoking cessation, and review of the child’s asthma
action plan.

ENVIRONMENTAL FACTORS IN THE

MANAGEMENT OF CHILDHOOD ASTHMA

The indoor environment
The indoor environment contains numerous exposures that

influence asthma development and morbidity (Table II).20

Sensitization and exposure to indoor allergens, including dust
mites, rodents, cockroach, and pet allergens, worsen childhood
asthma control and lung function because of greater airway
inflammation and morbidity. More than 80% of school-aged
children with asthma are sensitized to at least 1 indoor
allergen, which is a strong predictor of disease persistence in later
life.21 A recent study demonstrated that the timing of sensitiza-
tion is an important factor, and if it occurs at younger ages, it is
associated with an increased risk of asthma in later childhood.22

Likewise, exposure to common indoor pollutants, including
secondhand smoke (SHS) and nitrogen dioxide (NO2), exacer-
bates asthma in children regardless of allergic sensitization.9

These exposures may be heightened in children because of the
structure and mechanics of their airways as well as closer prox-
imity to the floor that oftentimes is a reservoir of pollutants,
chemicals, and/or allergens.23,24

Indoor allergens

Dust mites. Der f 1 and Der p 2 allergens are from the 2 most
common house dust mite species, Dermatophagoides farinae and
Dermatophagoides pteronyssinus, respectively. They are micro-
scopic members of the Arachnid class and require moisture to
survive. Approximately 30% to 60% of children with persistent
asthma are sensitized to dust mites.25 Because dust mites are
microscopic, it is difficult to identify them as an allergic trigger.
Therefore, when taking an environmental history, questions
regarding climatic conditions and clutter that favor dust mite
growth should be asked. A commercially available kit now
available can test the dust mite content in a house dust sample.9

Effective strategies to reduce dust mite exposures include: (1)
frequent washing of all bed linens in hot water, (2) use of
allergen-impermeable mattresses and pillow encasements, and (3)
measures that target other dust mite allergen reservoirs such as
vacuuming, removal of carpet, and stuffed toys from the bed.
Unfortunately, it is difficult to attain sustained reduction in in-
door humidity, allowing for dust mite breeding and survival.
Moreover, air filtration has not been shown to have a great effect
on lessening dust mite exposure.26

Furry pets. Cat and dog are the most common indoor furry
pets. Can f 1 and Fel d 1 are the major dog and cat allergens,
respectively. Approximately 25% to 65% of children with
persistent asthma are sensitized to cat or dog allergens.25 Allergen
from furry animals adhere to clothing, walls, furniture, and other
upholstered surfaces, and are also carried on small particles (<10-
20 mm) allowing them to remain airborne for long periods of
time. Sensitization to pet allergens can occur either through
direct or indirect exposure due to passive transfer of allergen from
people who have furry pets into environments that do not
contain them.27 Thus, the absence of an indoor furry pet does
not exclude pet allergen exposure.9

The first line strategy for reducing pet allergen exposure is
removal of the pet, followed by cleaning to remove reservoirs. It
is important to note that even after removal of a pet, it can take
several months for significant reduction of allergen levels to
occur.28 If a family is unwilling to remove their pet, other
intervention strategies would include keeping pets out of the
bedroom, encasing mattress and pillows, removing carpeting,
and cat/dog immersion washing that must be frequent to be
effective. There is no scientific evidence to support “hypoaller-
genic” pets. The use of air filtration systems to reduce
pet allergen levels is uncertain as several studies have shown its
ineffectiveness in reducing airborne pet allergen levels.29

Cockroach and rodents. In the late 1990s, the National
Cooperative Inner-City Asthma Study showed highly detectable
levels of cockroach allergen in inner-city homes and demon-
strated that children with asthma who were both sensitized and
exposed to high levels of cockroach allergen had increased asthma
morbidity.30 The major cockroach allergens include Bla g 1 and
Bla g 2. Cockroach infestation is often associated with inner
cities, low socioeconomic status, and populated areas. In the
same way, studies have shown that mouse allergen is prevalent in
urban homes and its exposure is associated with increased
childhood asthma morbidity.31,32 Major mouse allergenic pro-
teins are Mus m 1 and Mus m 2. These allergens can be found in
mouse urine, dander, and hair follicles.

Control measures for both cockroach and rodents include
home extermination of occupant and neighbors, but this is not
effective alone. Integrated pest management (IPM), which is a
multidisciplinary approach that uses a range of pest control
methods, has been studied as an intervention strategy to reduce
pest allergen levels. It includes 4 fundamental principles: (1)
monitoring pest populations with sticky traps to find out where
they are living and hiding (reservoirs), (2) blocking pest access
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and entryways, (3) eliminating food and water (facilitating fac-
tors), and (4) selectively applying low-toxicity pesticides. IPM
might be cost-prohibitive and difficult to implement in some
situations. Also, removal of reservoirs such as carpeting, bedding,
or other areas containing allergen is helpful.

Mold and dampness. Approximately 12.2% of children
with persistent asthma are sensitized to molds.33 There is a wide
variety of indoor and outdoor molds and their allergenic proteins
vary by mold species. Common indoor molds are Aspergillus and
Penicillium species. Common outdoor molds are Cladosporium,
Alternaria, and Epicoccum species. Molds depend on moisture for
growth. Control measures include the use of air conditioner in
the summer, placement of dehumidifier in the basement, repair
of leaks, removal of water-damaged materials, running a vent in
the bathroom and kitchen, and cleaning moldy areas with a
fungicide.

The most common species to which children are sensitized
and exposed are Alternaria, Aspergillus, Cladosporium, and Peni-
cillium.34 The National Survey of Lead and Allergens in Housing
found that 56% of homes had mold levels above thresholds
observed to be associated with asthma symptoms.35 Mold
remediation has been shown to reduce asthma symptoms and the
need for asthma medications, even in populations who are not
mold sensitized.36

Indoor air pollutants

Particulate matter. Particulate matter (PM) are airborne
particles expressed as either PM2.5 (fine PM), with an aero-
dynamic diameter of 2.5 mm or less, or PM10 (coarse PM) with
aerodynamic diameter more than 2.5 mm up to 10 mm. Indoor
PM is formed mostly from indoor generated particles through
smoking or other activities such as cooking and sweeping, and
partly from outdoor generated particles. Indoor PM exposures
are associated with worsening asthma symptoms in inner-city
children with asthma.37 The use of high efficiency particulate
arrestance (HEPA) air filters to reduce indoor PM is currently
being studied as an effective long-term strategy to reduce indoor
air pollution but more studies are needed.38

Secondhand smoke. Cigarette smoke is a major contributor
to indoor pollutant particles in the United States, where 30% of all
children are exposed to indoor SHS.39 In a cross-sectional study,
using National Health and Nutrition Examination Survey data of
2250 youths with asthma, 17.3% reported using tobacco smoke
products, and of the nonsmokers, 53.2% were exposed to SHS in
their homes.40 Tobacco smoke contains solid particles, and sem-
ivolatile and volatile organic compounds that function as respira-
tory irritants. SHS is known to exacerbate asthma.

There have been a few intervention trials targeting smoking
cessation and reduction of SHS exposure in the home.41,42 Ev-
idence suggests that HEPA air filters might be useful, especially
for children who are not able to avoid SHS. In a double-blind
randomized controlled trial of children with asthma and
known secondhand environmental tobacco smoke exposure, the
use of HEPA air filters resulted in a reduction in the number of
unscheduled asthma visits and fewer airborne nicotine particles
in the intervention group when compared with the control
group.42 Nevertheless, the most effective way to reduce or
eliminate tobacco smoke exposure is smoking cessation by close
family members and caregivers.
Several studies have noted a reduction in the harmful effects of
SHS in children with asthma through the establishment of
smoke-free public environments. A recent meta-analysis showed
that implementation of the World Health Organization’s rec-
ommended smoke-free legislation (MPOWER) led to reductions
in preterm birth, and hospital admissions for asthma exacerba-
tions and respiratory tract infections in children.43 Ciaccio et al44

demonstrated that indoor smoke-free legislation was associated
with a 17% decrease in the incidence of childhood severe asthma
emergency room visits. Another study reported a significant
reduction in asthma-related emergency room visits in both
children and adults after enactment of national smoke-free pol-
icies in public environments, including the workplace.45

Air pollution and asthma. Traffic pollution is a major
contributor of urban air pollution that can penetrate indoors and
adversely affect the indoor air quality of schools.46,47 This source
of air pollution contains gaseous pollutants such as ozone, NO2,
and sulfur dioxide (SO2), which can exacerbate asthma because
of oxidative stress, resulting in lung injury and inflammation.
Xiao et al48 used multipollutant models to show that short-term
exposures to ozone, NO2, and SO2 is associated with an increase
in asthma symptoms in children. This is important since schools
are typically centrally located within a community in close
proximity to highways, heavy traffic routes, and commercial and
industrial buildings. School locations also serve as a site for drop-
off/pick-up, idling of cars, bus stops, potentially contributing to
an increase in ambient air pollution.

Ozone is produced by a photochemical reaction between
sunlight and pollutant precursors like nitrogen oxide.49 Short-
term exposure to ozone is a known, evidence-based cause of
asthma exacerbations in both children and adults.50 Data from
the National Cooperative Inner-City Asthma Study showed that
ozone was associated with a decline in morning % peak expira-
tory flow (PEF) rate and an increase in morning asthma in
children with asthma.51

SO2 is a byproduct of energy production or industrial pro-
cesses.46 Children are more susceptible to SO2 because they
spend more time outdoors. Fortunately, SO2 exposure has
decreased tremendously in developed counties because of the use
of alternative energy sources such as coal combustion. However,
SO2 exposure remains a struggle in developing countries.

NO2 is a pollutant gas produced from high-temperature
combustion from sources such as gas heating, appliances,
unvented space heaters, fireplaces, and old wood-burning stoves.
Hansel et al52 showed that high indoor NO2 exposure worsens
inner-city childhood asthma. Similarly, Belanger et al53 reported
that children with asthma exposed to indoor NO2 levels well
below the Environmental Protection Agency (EPA) outdoor
standard (53 ppb) were at risk for increased frequency of wheeze,
night symptoms, and use of rescue medication. An intervention
strategy of replacing gas stoves with electric stoves resulted in a
40% to 50% reduction in indoor NO2 levels.54 Interestingly,
data also suggest that overweight and obese individuals are more
affected by air pollutant exposure with increased asthma
symptoms.55

ENVIRONMENTAL INTERVENTIONS

In the era of personalized medicine, the implementation of an
individualized tailored environmental intervention strategy based
on a child’s sensitization status and home exposures is ideal. A



FIGURE 1. National Asthma Education and Prevention Program
Expert Panel Report 3 guidelines for the management of childhood
asthma.56
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priority message from the National Asthma Education and Pre-
vention Program (NAEPP) Expert Panel Report 3 (EPR-3)
guidelines for the management of asthma is that for any patient
with persistent asthma, the clinician should: (1) identify allergen
exposures, (2) use skin testing or in vitro testing to assess specific
sensitivities to indoor allergens, and (3) implement environ-
mental controls to reduce exposure to relevant allergens56

(Figure 1). A thorough environmental history should be ob-
tained to identify potential environmental exposures in the home
that are known to trigger asthma symptoms and exacerbations,
including allergens and pollutants. This would include questions
regarding the presence of pets or pests, conditions favoring dust
mite breeding, the presence of smokers in the home, and the use
of gas stoves.

A recent workshop report highlights the findings of several
home environmental intervention trials and its influence on
exposure reduction and asthma control.6 The term “multifac-
eted” has been used to describe interventions directed toward
more than 1 asthma trigger or interventions with more than 1
component. In a landmark study, Morgan et al57 revealed that
among inner-city children with atopic asthma, an individualized,
home-based, multifaceted environmental intervention decreased
exposure to indoor allergens, including cockroach and dust-mite
allergens, leading to decreased asthma morbidity. Rabito et al58

demonstrated that a single low-cost intervention to reduce
cockroach exposure, the strategic placement of insecticidal bait in
the homes of children with asthma, resulted in a significant
cockroach reduction and improved asthma outcomes when
compared with the no intervention control group. One ran-
domized controlled trial evaluating the effect of individualized
multifaceted allergen reduction in the home on the ability to
reduce asthma controller therapy concluded that despite a sig-
nificant reduction of measured allergen levels in the intervention
group, it did not result in a reduction in asthma controller
therapy.59 Another study compared a year-long IPM interven-
tion plus pest management education versus pest management
education alone among mouse-sensitized and exposed children;
both groups had a reduction in mouse allergen levels, but there
was no significant difference in maximal asthma symptom days
between the 2 groups.60
THE SCHOOL ENVIRONMENT
An association between inner-city home environmental ex-

posures and significant childhood asthma morbidity has been
demonstrated through years of previous research.61 Many of
these allergens and pollutants are also present in the inner-city
school environment.62,63 Although parents may attempt to
reduce or eliminate indoor allergen exposures in the home,
children spend a large of portion of their day in schools and
daycare centers where environmental exposures are not as easily
controlled. The environment outside of the home, especially in
the United States, is less well understood. As a consequence,
successful home-based strategies currently serve as the prototype
for school-based environmental interventions.

Prior studies have reported on the prevalence of various indoor
allergens in school environments. Chew et al64 showed cockroach
and mouse allergens to be highly prevalent in urban schools. The
SICAS results demonstrated substantial levels of mouse allergen
in inner-city school classrooms compared with the same students’
homes,62 with exposure to mouse allergen in schools associated
with increased asthma symptoms and decreased lung function.65

Interestingly, cat and dog allergen levels were lower in the SICAS
inner-city schools when compared with European school-based
studies showing higher levels, likely due to passive transfer
from students who owned pets in their homes.66 High levels of
mold in schools have also been reported in both the United
States and Europe.67,68

There is a scarcity of thorough data on school-based envi-
ronmental interventions and health outcomes. The few studies
that have been published are small and not adequately powered
to comprehensively assess asthma morbidity outcomes.69-73

Given the SICAS findings of high mouse allergen levels in
school classrooms,62,65 an NIH/NIAID School Inner-City
Asthma Intervention Study (ClinicalTrials.gov
NCT02291302), SICAS 2, using environmental control strate-
gies modeled from successful home-based interventions, is un-
derway with health outcomes results pending.74 This
randomized controlled trial is comprehensively evaluating the
role of a school-based environmental intervention and is
adequately powered to assess asthma outcomes, adjusting for
home exposures. Pilot data from this study demonstrated that a
classroom-based air cleaner intervention led to significant re-
ductions in PM with a diameter of <2.5 mm and black carbon,
compared with sham filters.38 The use of HEPA air filters to
reduce indoor pollutant particles and their associated allergens is
currently being studied in SICAS 2. Another pilot study showed
that HEPA air filters reduced mold spore counts in daycare
centers.75 If these results could be related to health effects in
larger scale trials, implementation of multifaceted intervention
strategies in school and daycare settings may be considered.

The relationship between air pollution and asthma morbidity
in children is well established.76 Schools are usually located in
close proximity to highways, heavy traffic routes, and commercial
and industrial buildings within a community. Approximately 3.2
million (6.5%) children across the United States attend schools
located within 100 m of a major roadway as defined by the U.S.
Census Bureau.77 Traffic pollution is an important source of
PM, NO2, and black carbon that can penetrate and adversely
affect the indoor air quality of schools.47 Other factors fueling
the poor indoor air quality of schools are reduced ventila-
tion,78,79 inadequate building maintenance,80 and exposure to
janitorial cleaning products and the byproducts of heating and
cooling systems.

The U.S. EPA created the Indoor Air Quality Tools for
Schools Program (www.epa.gov/iaq-schools/indoor-air-quality-
tools-schools-action-kit) with the aim of improving environ-
mental conditions in schools such as keeping ventilation units in

http://ClinicalTrials.gov
http://www.epa.gov/iaq-schools/indoor-air-quality-tools-schools-action-kit
http://www.epa.gov/iaq-schools/indoor-air-quality-tools-schools-action-kit
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classrooms free of clutter, reducing the number of items made of
cloth in the classroom, removing classroom pets that trigger
asthma attacks in students, and reporting maintenance problems
in classrooms immediately. In addition, the School-Based
Asthma Management Program (SAMPRO�) and the Centers
for Disease Control and Prevention (CDC) Healthy Schools
Program offer toolkits to schools showing how asthma-friendly
schools provide appropriate school health services for students
with asthma and a safe and healthy school environment to reduce
asthma triggers.81

A key component to effective care of a child with asthma is an
education partnership between health care providers and patient/
caregiver. Caregivers of children with asthma need to understand
the disease, how and what medications are used to treat it, and
steps that should be taken to treat an exacerbation. Health care
providers also have a responsibility to ask about environmental
exposures and to ensure that patients have the knowledge and
resources to implement environmental control measures. Those
with written asthma action plans are more likely to take actions
to reduce exposures; however, less than half of children with
asthma are actually given one.82 Current national asthma
guidelines support provision of a written asthma action plan
although recent literature suggests that adding a formal written
asthma action plan does not lead to better outcomes beyond
asthma education alone.83 In addition, monitoring PEF values is
an option as part of asthma action plans and is recommended in
emergency departments and hospitalized patients. However,
many pediatric patients do not use peak flow meters correctly.84

Health care providers should take the time to regularly observe
patients using peak flow meters to help ensure correct use.

Lastly, school-based health centers (SBHCs) and their staff are
uniquely positioned to help children with asthma maintain
healthy indoor environments in both school and home by
increasing awareness, facilitating an indoor air quality assessment,
and implementing specific interventions to address mold, dust
mites, pests, pets, and ventilation. They provide an ideal setting
to incorporate environmental components into existing chronic
disease programs. Research shows that SBHCs can lead to sig-
nificant improvements in health outcomes for children with
asthma including less missed school, less asthma-related restricted
activity days, and reduced frequency of emergency room visits
and/or hospitalizations.85-87
ASTHMA MEDICATIONS IN SCHOOL-AGED

CHILDREN

Guideline-based therapy
Asthma guidelines were developed through the years to in-

crease asthma awareness among health professionals and to
improve asthma management. The first international guidelines
were formulated by the National Heart Lung and Blood Institute
in the United States in 1991 with the most recent version
published in 2007 as the EPR-356 of the NAEPP. Other
guidelines followed including the PRACTALL Consensus
Report published by the European Academy of Asthma and
Allergy in 200888 and most recently the 2017 updated version of
the Global Initiative for Asthma guidelines for the diagnosis and
management of asthma in children (www.ginasthma.org).89 The
initial development of these guidelines to address the manage-
ment of asthma in children was due in part to the lack of
agreement on the diagnosis and management of asthma in young
children; a paucity of randomized controlled clinical trials existed
to examine different treatments for childhood asthma. Since
then, pediatric clinical asthma trials have emerged to shed some
light on this topic.

The theory has long been held that inhaled corticosteroid
(ICS) use in young children can change the natural history of
asthma and might prevent lung function decline. Asthma often
has its origin in early childhood with evidence for reduced lung
function growth during these early years persisting into adult-
hood.90 The Childhood Asthma Management Program (CAMP)
study noted that 75% of children aged 5 to 12 years with mild-
to-moderate asthma had abnormal patterns of lung growth.90

ICSs are recommended by asthma guidelines as the first line of
treatment for school-aged children with persistent asthma,56,89

both in prevention of exacerbations and reduction in symp-
toms. A 44-week, randomized, double-blind, placebo-controlled
trial (TREXA) enrolled children/adolescents aged 5 to 18 years
with mild persistent asthma and showed that daily ICS use is
more effective than rescue albuterol alone in preventing exacer-
bations.91 Further, ICS as rescue medication with albuterol
might be an effective step-down strategy for children with well-
controlled, mild asthma as it was shown to be more effective than
rescue albuterol alone in reducing exacerbations.91 A 2015
Cochrane review showed that intermittent ICS treatment at the
time of exacerbation in children with persistent asthma decreased
the need for oral corticosteroid by half with no growth sup-
pression noted in either preschool or school-aged children.92

For children with severe asthma, evidence-based guidelines
recommend treatment with higher-dose ICS or oral corticoste-
roids combined with a second controller such as long-acting b-
agonists (LABAs), leukotriene receptor antagonists (LTRA), and
theophylline.56,89,93 Lemanske et al94 assessed the frequency of
differential responses to 3 blinded step-up treatments (medium-
dose ICS, low-dose ICS/LABA, or low-dose ICS/LTRA) in
children 6 to 17 years of age who had uncontrolled asthma while
receiving low-dose ICS (BADGER Trial).94 Nearly all the chil-
dren had a differential response to 1 of the 3 treatments, with
45% of children responding best to adding a LABA.

The effect of ICS on growth velocity and final adult height has
been a subject of debate. The regular use of ICS at low or me-
dium daily doses was associated with a mean reduction of 0.48
cm/year in linear growth velocity and a 0.61 cm change from
baseline in height during a 1-year treatment period in children
with mild-to-moderate persistent asthma.95 The CAMP trial, a
prospective study starting in childhood with subjects followed
through to adulthood, showed that a larger daily dose of ICS in
the first 2 years was associated with a decrease in prepubertal
height that persisted as a reduction in adult height (�0.1 cm for
each microgram per kilogram of body weight; P ¼ .007) in a
nonprogressive or cumulative manner.96 Despite these effects of
ICS on linear growth, it is still important to remember that the
safety profile of ICS preparations is much better than the alter-
native oral corticosteroids. Moreover, it is unknown if the re-
ductions in growth represent a permanent effect or a temporary
1- to 2-year slowing in growth velocity. Physicians prescribing
ICS to children should have knowledge of this possibility and
carefully monitor linear growth.

Lastly, inhaled medications are only effective if used properly.
Age and cooperation between the child and caregiver are
important determinants of effective inhalation therapy. Particle
size, device portability, and the availability of dose counters are

http://www.ginasthma.org
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other important factors.97 Offering appropriate education about
its proper use is crucial to gain asthma control.

The era of biologics

Despite extensive studies and diverse regimens to treat chil-
dren with asthma, a substantial portion of pediatric patients
remain symptomatic and refractory to the aforementioned
medications. Fortunately, with the advent of biologics, potential
new therapies exist to treat these severe steroid-dependent asth-
matics depending on their asthma phenotype.98,99

Omalizumab is the first biologic to be included in the asthma
guidelines and up until recently the only one studied in the
pediatric population. Omalizumab is a subcutaneous injectable
recombinant humanized IgG1 monoclonal anti-IgE antibody
that is administered every 2 to 4 weeks to patients with chronic
allergic asthma and with sensitization to at least 1 perennial
aeroallergen and an elevated serum IgE level.100 It is now Food
and Drug Administration (FDA) approved in children 6 years or
older with moderate-to-severe asthma.

A randomized, double-blind, placebo-controlled trial of 419
inner-city children with persistent allergic asthma as young as 6
years noted decreased exacerbations (48.8% vs 30.3%; P <
.001), decreased hospitalizations (6.3% vs 1.5%; P ¼ .02), and
lower inhaled corticosteroid use (P < .001) during a 60-week
treatment period with omalizumab added to a regimen of
guidelines-based therapy.101 Milgrom et al102 showed in another
randomized placebo-controlled study that in children aged 6 to
12 years with moderate-to-severe asthma, omalizumab reduced
the doses of ICS required. A multicenter clinical trial of urban
children aged 6 to 17 years with allergic asthma and frequent
asthma exacerbations demonstrated that adding omalizumab to
ICSs 4 to 6 weeks before the return of school reduced fall asthma
exacerbations, particularly in those children with severe asthma
requiring step 5 treatment, as defined by guidelines-based asthma
care (EPR-3).103 Despite its limitations of IgE and weight re-
quirements and its prohibitive cost, omalizumab seems to be
effective in children who require high doses of ICS and suffer
from frequent exacerbations.

Mepolizumab was recently FDA approved for use in children
12 years or older for the treatment of eosinophilic asthma. It is a
subcutaneous injectable humanized monoclonal antibody
directed against IL-5. In the DREAM trial, mepolizumab treat-
ment in patients as young as 12 years with severe eosinophilic
asthma resulted in a significant reduction in asthma exacerba-
tions when compared with placebo.104 Treatment with mepoli-
zumab has also resulted in an increase in forced expiratory
volume in 1 second from baseline, reduction in exacerbations
necessitating emergency room visits and hospitalizations, and
improvement in asthma symptom scores.105

Other biologics are currently being studied in clinical trials for
use in pediatric and adult asthma including reslizumab (anti-IL-
5), dupilumab (anti-IL-4/13), and lebrikizumab (anti-IL-13), to
name a few.106

Potential treatments

Vitamin D has been studied extensively as a potential
immunomodulator and treatment for asthma given a significant
body of epidemiologic and cross-sectional associations between
vitamin D insufficiency and increased incidence and severity of
childhood asthma.107-109 A recent systematic review and meta-
analysis of individual participant data (955 participants)
showed that vitamin D supplementation reduced the overall rate
of asthma exacerbations requiring treatment with systemic cor-
ticosteroids; there was no definitive evidence that the effects of
vitamin D differed across subgroups of patients.110 Further
randomized controlled trials are required to determine if school-
aged children with asthma might benefit from vitamin D
supplementation.

Macrolide therapy is also being studied as a potential treat-
ment for asthma, particularly in asthmatics with a neutrophil
predominant phenotype.111 Because of their immunomodula-
tory effect on neutrophil-based airway inflammation and its
antibacterial effect, macrolides have become an area of interest in
asthma. Several small studies showed that its use in school-aged
children with asthma increased the number of symptom-free
days, shortened the duration of an exacerbation, improved
bronchial hyper-responsiveness, and reduced airway neutro-
phils.112,113 A multicenter randomized, double-blind, placebo-
controlled, parallel-group trial demonstrated that the use of
azithromycin early during a respiratory tract illness (RTI)
reduced the likelihood of severe lower RTI in young preschool
children.114 Additional randomized controlled trials in school-
aged children with asthma are warranted to confirm its effects
in this age group.
CONCLUSIONS

Management of asthma in school-aged children requires an
encompassing environmental approach. Regular assessment and
monitoring, control of factors that contribute to or aggravate
symptoms, guidelines-based pharmacologic therapy, and educa-
tion of children and their caregivers are of paramount impor-
tance. However, understanding how racial/ethnic and
socioeconomic disparities along with the surrounding environ-
ment affects asthma outcomes in children is just as crucial to
clinical management. Future research should continue to
examine intervention strategies to improve childhood asthma as
it pertains to disparities and harmful environmental exposures.
Furthermore, pediatric randomized trials are needed if novel
therapeutics is to be considered in school-aged children.
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