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KEY POINTS

e The causes of asthma development are not known and thus asthma cannot be prevented
based on the current level of understanding.

e Home environmental intervention strategies can reduce asthma morbidity in sensitized
children but are probably not effective in children not sensitized to the specific allergen.

e Interventions tailored to the allergen sensitization of the child coupled with education and
appropriate severity-specific asthma medication may be the most effective strategy to
reduce asthma morbidity.

e Efforts to prevent environmental tobacco smoke exposure are important for everyone in
the household.

INTRODUCTION

Asthma is the most common chronic disease of children, affecting more than 6.8
million children in the United States (9.3% of all children).” Asthma cannot be cured.
Asthma cannot be prevented. However, asthma can be controlled. This article first re-
views asthma epidemiology and the current understanding of the genetics of asthma.
It then discusses the various proposed hypotheses for the continuing increase in
asthma prevalence and risk factors for asthma. In addition, it discusses emerging
work on asthma prevention and strategies to prevent asthma exacerbations.
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EPIDEMIOLOGY

In industrialized countries with Western lifestyles, lifetime asthma prevalence is high
and has increased approximately 2.7 percentage points per year since 1997.2 In the
United States, the lifetime reported asthma prevalence in individuals of all ages is
13.0% (2012). Lifetime prevalence is higher in children (14%) than in adults and in-
creases from early childhood (7.0% at 0—4 years of age) to adolescence (18.4% at
15-19 years of age), with current asthma prevalence showing a similar trend.” Asthma
is a major public health problem costing the health care system nearly $56 billion
annually, with direct health care costs estimated at $50.1 billion and indirect costs
(lost productivity) contributing an additional $5.9 billion.?

Asthma in childhood disproportionately affects more boys than girls and under-
represented minority populations with African Americans and (some) Hispanic people
having higher rates than other racial and ethnic groups. Children of Puerto Rican origin
have the highest asthma prevalence of all ethnic and racial groups, whereas Mexican
children have one of the lowest reported rates, making it difficult to examine preva-
lence when all individuals of Hispanic origin are grouped together.?™

Asthma morbidity is high but hospitalization rates for asthma decreased 24% be-
tween 2003 and 2010 (National Health Interview Survey, 2001-2011).2 Compared
with adults, children are disproportionately hospitalized for asthma. Approximately
29% of the asthma hospital discharges in 2010 occurred in children less than 15 years
of age even though only 21% of the US population is less than 15 years of age.? In
2010, asthma was responsible for 2.1 million emergency room visits, 10.6 million
physician office visits, and 1.2 million hospital visits.?

Asthma deaths are rare in children but increase with age. In 2009, 157 children less
than 15 years of age (0.2 per 100,000) died of asthma compared with 617 adults older
than 85 years.? Black adult women have the highest mortality from asthma (2.5 per
100,000), with an age-adjusted death rate in black people that is 3.1 times higher
than the rate in the white population.?

Genetics of Asthma

Asthma is a complex and chronic disease that depends on the interplay of genetic and
environmental triggers. More than 100 candidate genetic loci have been identified us-
ing epidemiologic linkage studies.® This finding suggests that individuals with asthma
may have many susceptibility loci, each of small effect. Multiple genome-wide asso-
ciation studies using population cohorts have identified several regions associated
with asthma, including the 17921 locus (ORMDL3/GSDML), IL33 on chromosome
9p24, HLA-DR/DQ on 6p21, IL1RL1/IL18R1 on 2q12, WDR36/TSLP on 5922, and
IL13 on 5g31.° Many of the associations have not been replicated in other populations,
suggesting a role of population-specific variants in the causation of asthma and
showing an important role for regulatory genes. Genomic studies using human fetal
tissue suggest a complex interaction between environmental factors such as in utero
smoke exposure, maternal diet, folate and vitamin D, lung structural genes, and lung
function growth trajectory.®

African ancestry has been found to affect lung function and asthma severity. Using
ancestry informative markers, lung function is inversely correlated with the percentage
of African ancestry in 3 independent African American populations.” Genetic variation
leading to an increased risk for exacerbations is also more common in African individ-
uals.® Results from the GALA (Genetics of Asthma in Latino Americans) study show
that individuals who are Puerto Rican have a higher degree of African and European
ancestry than Mexican American individuals. It has been suggested that this
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difference may contribute to the high morbidity and mortality experienced by Puerto
Rican compared with Mexican American individuals.®

Variable responses to specific therapeutic asthma medications have been reported
in different ethnic groups and this variable response may also relate to the extent of
African ancestry.’® African ancestry might introduce genetic variation associated
with a greater likelihood for alteration in the therapeutic response to inhaled short-
acting and long-acting beta agonists (LABAs). In the SMART (Salmeterol Multicenter
Asthma Research Trial) study, African American participants treated with salmeterol
experienced an increase in asthma life-threatening exacerbations and death but
they were also less likely to have been treated with an inhaled corticosteroid (ICS)
and more likely to have been hospitalized than the other study participants.’’ Addi-
tional studies and a large meta-analysis have consistently shown that the combination
of a LABA and an ICS is safe and efficacious, but the SMART study resulted in the
boxed warning for all LABA-containing inhalers.'%'3

Other studies have shown that African American individuals respond differently to
combination therapies. In the BADGER (Best Add-on Therapy Giving Effective
Response) trial from the Childhood Asthma Research and Education Network, African
American children did not show a preferential response to a step-up from low-dose
ICS to LABA and ICS combination therapy and thus the addition of a LABA to ICS ther-
apy was no more efficacious than increasing the ICS dose. ' In contrast, Hispanic and
non-Hispanic white children responded to the addition of a LABA to their ICS therapy.
In addition, Puerto Rican participants in the GALA study were less bronchodilator
responsive after administration of a short-acting bronchodilator.'®

Hypotheses on the Origins of Asthma

Epidemiologists have long sought to determine the underlying causes of childhood
asthma. Since the early 1990s, asthma rates have increased worldwide and observa-
tional studies have tried to explain this increase in prevalence.'® Proposed reasons for
this increase in prevalence have included increasing pollution levels,'” obesity, dietary
changes, the hygiene effect,'® low vitamin D levels,'® and early exposure to acetamin-
ophen (APAP).2° Three of the currently most popular hypotheses are discussed here.

The hygiene hypothesis

The largest increase in asthma prevalence over the past 30 years has been observed
in the Western world.?! Given the short time frame, genetic changes are unlikely to
explain this observation but improvements in public health measures, treatment of dis-
eases, vaccination programs, and hygiene strongly associate with the increase in
asthma. These improvements in public health have occurred with a corresponding
decrease in exposure to noninfectious microorganisms. In 1989 Strachan®? hypothe-
sized that the increase in asthma and allergic disorders in industrialized nations was
caused by the absence of early life exposure to viral and bacterial organisms and their
products (eg, endotoxins). This theory is referred to as the hygiene hypothesis. Early
life exposure to viruses and bacteria primes and trains the immune system. Elimination
of this training results in a shift toward a more inflammatory immune response that has
been associated with asthma and allergic disease. Studies have found that farm ex-
posures and larger family size are associated with these early life exposures and
are also associated with lower rates of asthma and atopy. In addition, the increased
asthma prevalence parallels the increase in autoimmune diseases and corresponds
with decreases in rates of infectious diseases. These data suggest that, in the absence
of exposure to foreign microbes, the immune system sustains a hypervigilant state
that results in a mismatch between the host and innocuous environmental challenges.
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Because of this mismatch, the immune system turns on itself, resulting in increases in
autoimmune diseases and asthma.

Although microbial exposure (such as bacterial endotoxin) is associated with pro-
tection against asthma, the hygiene hypothesis does not reconcile the observed
higher asthma prevalence in inner-city, urban environments, where endotoxin expo-
sure has been shown to be a risk factor for asthma.?® Inner-city housing conditions
have unlikely become more hygienic in the United States but asthma prevalence
has increased significantly among racial and ethnic minorities living in poverty. To
explain these observations, the narrow version of the hygiene hypothesis has evolved,
which focuses on early life microbial exposure protecting against allergic asthma by
suppressing TH, immune responses. It is now suggested that it is the diversity of mi-
crobial exposure that is particularly protective against asthma®* and that this diversity,
rather than endotoxin per se, may explain the protective effect of farm living.

The vitamin D hypothesis

Hypovitaminosis D is prevalent worldwide and increasing. Multiple studies have
shown an increase in asthma prevalence and severity in children with asthma in asso-
ciation with low levels of vitamin D.2°2” However, a recent systematic review of child-
hood cohort studies concluded that there was only a potential association between
low vitamin D levels and asthma.'® Vitamin D is both a hormone and a nutrient; levels
of vitamin D are determined primarily by environmental mechanisms such as exposure
to the sun, latitude, and skin color. Vitamin D has both in utero and postnatal effects on
lung and immune system development and function, and vitamin D is thought to have
an immunomodaulatory role in both the innate and adaptive immune response. Several
genome-wide association studies have uncovered genetic variants that associate with
serum vitamin D levels in children with asthma.?®2° Qverall, studies examining the
relationship between vitamin D and asthma have problems with selection bias, inad-
equate measuring of outcomes, and confounding.®

The acetaminophen hypothesis

APAP is a widely used antipyretic and analgesic that has recently been identified as a
possible cause for the current increase in asthma prevalence.®° APAP replaced aspirin
in the 1990s as the antipyretic of choice when aspirin was thought to be associated
with Reye syndrome. Since then, several longitudinal studies have reported an asso-
ciation between increased APAP use and the increased prevalence of childhood
asthma.?° Induction of asthma by APAP is biologically plausible, because APAP de-
creases airway antioxidant defenses through depletion of glutathione.®' However,
an alternative explanation for the APAP/asthma association may be confounding by
indication. APAP is commonly used to treat fever and pain caused by respiratory tract
infections, which are a known risk factor for childhood asthma. Children with asthma
may have a longer duration of fever in association with respiratory tract infections, and
this may have resulted in greater APAP exposure.®?>3 According to a recent system-
atic review and meta-analysis, there currently is insufficient evidence to support an as-
sociation between APAP use in childhood and incidence of asthma.2°

ASTHMA PATHOPHYSIOLOGY

Asthma is a chronic inflammatory disease of the airways that results from the combi-
nation of environmental exposures and genetic/biological susceptibility. Asthma has
3 major characteristics: (1) chronic airway inflammation; (2) airway obstruction that,
for the most part, is reversible; and (3) airway hyperresponsiveness to a variety of stim-
uli. Although airway eosinophil inflammation is typical, many patients, especially those
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with mild asthma, have noneosinophilic disease.®* Airflow obstruction is usually
reversible but some patients develop irreversible airflow obstruction, which has
been attributed to remodeling of the airway wall.

Symptoms of asthma include recurrent wheezing, cough, and shortness of breath. A
diagnosis of asthma is based on the presence of these symptoms and objective
confirmation of (at least partially) reversible airflow obstruction. However, some chil-
dren and adults with asthma only cough and never wheeze, whereas others experi-
ence shortness of breath and never wheeze.>> Diagnosing asthma in these
individuals can be difficult unless the clinician has a high index of suspicion. Triggers
for cough-variant asthma and asthma-related dyspnea are the same as for individuals
with wheezing, and are discussed later.

Asthma diagnosis and approach to treatment are discussed in a 2013 article in the
Pediatric Clinics of North America.*®

Risk Factors and Natural History

Brief periods of a loss of asthma control, manifested by cough, wheezing, and/or
shortness breath, are the result of exposure to nonspecific triggers such as strong
smells or exercise, whereas moderate or severe exacerbations are usually caused
by exposure to allergens or viruses, with human rhinovirus being the most important.
More than 80% of children who are diagnosed with asthma at 6 years of age have a
history of wheezing in the first 3 years of life.>” The opposite is not true; half of all chil-
dren who wheeze in the first year of life are wheeze free and do not go on to have
recurring episodes.>® In general, children who have mild asthma rarely progress to se-
vere disease, but severe and frequent wheezing is a well-established risk factor for
persistence and disease severity in adulthood. Boys with wheezing ilinesses in early
childhood are more likely to outgrow their asthma, probably because of a smaller
airway structure that predisposes boys to wheezing illnesses in early life.>°

PREVENTION STRATEGIES
Asthma Prevention

There are no effective strategies to prevent the development of asthma in children. In
order for an agent/exposure to be determined to have a causal relationship, there
must be evidence of a strong and consistent association, a biological gradient, biolog-
ical plausibility and coherence, and a temporally correct association. At present, no
agent or exposure reaches this level of evidence. The last systematic summary of the
evidence supporting a causal relationship for the development of asthma was published
in 2000 (Committee on the Assessment of Asthma and Indoor Air of the Institute of Med-
icine [IOM]).“° House dust mite and environmental tobacco smoke (ETS) had the stron-
gest association with asthma development but neither reached the level of causation.

Dust mite exposure and asthma development

Exposure to dust mite is associated with dust mite sensitization and dust mite sensi-
tization is a risk factor for the development of asthma.*’ Three large studies have
implemented house dust mite avoidance measures during pregnancy, at birth, and
later in childhood and assessed asthma development in childhood.*?>** Strategies
to reduce house dust mite exposure, such as impermeable mite mattress covers,
anti-dust mite spray, and carpet removal reduced dust mite levels and dust mite
sensitization in children but effects on wheezing outcomes were short-term with no
long-term benefit on the development of asthma.*>~*® Some investigators have sug-
gested that these same strategies might also have reduced endotoxin exposure,
which has been found to be protective against asthma in several studies.*°
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Respiratory tract infections and asthma development

The role of viral infections in the development of asthma has long been debated. Viral
infections, particularly respiratory syncytial virus (RSV) and rhinovirus, are associated
with wheezing episodes in children and children with asthma are at greater risk for
more severe infection and thus greater morbidity with these infections.*° Emerging ev-
idence suggests that prevention of RSV infection might be protective against asthma.
In a randomized controlled trial, use of a highly specific monoclonal immunoglobulin G
antibody directed against the RSV fusion protein (palivizumab) glycoprotein reduced
recurrent wheezing in healthy preterm infants by 50% in the first year of life.®" Similar
reductions in recurrent wheezing and the diagnosis of asthma have been observed in
infants receiving ribavirin antiviral therapy and in premature infants treated with palivi-
zumab.%?5* These data suggest that preventing RSV lower respiratory tract infections
in the first year of life may prevent asthma or wheezing.

Environmental tobacco smoke and asthma development

Multiple studies have linked ETS and asthma, and several systematic reviews of the
literature have concluded that ETS exposure is a risk factor for the development of
asthma in children.>® The Surgeon General’s 2006 report concluded that there was
a causal relationship between parental smoking and ever having asthma in school-
aged children and between parental smoking and wheezing illness in early child-
hood.®® However, the evidence was only sufficient to show an association between
parental ETS exposure and the onset of childhood asthma. In a survey of more than
11,000 children 4 to 6 years of age in the United Kingdom, the odds ratio for childhood
wheezing in the previous 12 months increased with each additional smoker in the
home. Lewis and colleagues®’ suggested that 8% of asthma in children 4 to 6 years
of age could be attributable to ETS exposure at home. Quitting smoking before preg-
nancy reduced the risk of asthma to that of the nonsmoking population, and this is the
only known effective prevention strategy.

Multiple other intervention strategies to reduce asthma development have not
been successful. These strategies include breastfeeding during the first 4 to
6 months of life, maternal avoidance of allergenic foods during pregnancy, antiox-
idant supplementation (vitamins A and C) during pregnancy, and delayed introduc-
tion of solids.*"

Asthma Exacerbation Prevention

In 2000 the Committee on the Assessment of Asthma and Indoor Air of the IOM
reviewed and summarized the scientific evidence for the relationship between in-
door air exposures and asthma exacerbations.*® This report was updated in
October 2014°8 and the results are summarized in Box 1. Several important new
findings related to exposures that cause asthma exacerbations are highlighted
here.

Dust mite and asthma exacerbations

In children sensitized to dust mite (Der p1 and Der f1 are the 2 common dust mite al-
lergens), a dose-related association between dust mite antigen and wheeze has been
found.®® Both intervention studies®® and prospective studies®' =% have reported asso-
ciations between dust mite exposure and asthma exacerbations. In children of un-
known dust mite sensitization, most studies have found associations with
exacerbations,®*5° but not all.°® Dust mite exposure has also been associated with
fraction of exhaled nitric oxide (FENO) measurements, suggesting a direct role in
airway inflammation.
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Box 1
Summary of 2014 scientific evidence for exposures and asthma exacerbations

Exposures with sufficient evidence to show causation of asthma exacerbations
House dust mite allergens in sensitized individuals

Cat allergen in sensitized individuals

Cockroach allergen in sensitized individuals (especially adults)

Outdoor culturable fungal exposure in sensitized individuals

Dampness or dampness-related agents in children

Exposures associated with asthma exacerbations but with insufficient evidence to show
causation

Chronic ETS exposure in preschool-aged children
Dog allergen in sensitized individuals

Brief high-level exposures to NO, in conjunction with a nonspecific chemical irritant or inhaled
allergen

Indoor endotoxin exposure

Exposures with limited or suggestive evidence of an association with asthma exacerbations
Chronic ETS exposure in older children and adults

Indoor culturable Penicillium in individuals with any fungal sensitization

Formaldehyde

Fragrance exposure

Rodent and mice exposure in the home in rodent-sensitized children

Synthetic bedding

Exposures with inadequate or insufficient evidence of an association with asthma
exacerbations

Pesticides

Houseplants

Plasticizers

Residential volatile organic compounds
Indoor pollen exposures

Low building ventilation rates

Cat allergen exposure and asthma exacerbations

Cat allergen exposure in children with asthma sensitized to cat is associated with
increased asthma severity, greater rescue medication use, increased asthma symp-
tom frequency, and/or increased FeNOQ.5%6".67 This association has not been reported
in cross-sectional studies®>€ but it has been suggested that the findings were biased
by cat-allergic subjects not owning cats. Other studies have found no association be-
tween cat exposure and asthma exacerbations in individuals who were atopic but not
sensitized to cat.®®

Cockroach exposure and asthma exacerbations
There is strong evidence of a causal relationship between exposure to cockroach an-
tigen and asthma exacerbations in cockroach-sensitized adults®®7° but the evidence
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in children for this association is less consistent. Bedroom cockroach exposure in
sensitized children is consistently associated with asthma exacerbations in prospec-
tive studies,”’”? whereas results from cross-sectional studies have been mixed for
bedroom exposure®®® but positive for kitchen exposure.®* Cockroach allergen can
induce allergic sensitization and inflammation,”® and expression of inflammatory cyto-
kines,”* "> suggesting a potential mechanism for asthma morbidity in sensitized and
nonsensitized individuals.

Fungi and asthma exacerbations

Outdoor fungal exposures cause exacerbations of asthma in sensitized individuals,
including children.”®”” Outdoor fungal concentrations are associated with admissions
to emergency rooms even after adjustment for pollen and air pollutants.”® Two studies
have reported an association between culturable airborne indoor Penicillium exposure
and severe asthma exacerbations and asthma severity even after adjustment for out-
door fungal levels.®"”” Indoor Penicillium levels have been associated with increased
asthma symptoms in several other studies’® " but the sampling strategy was suspect
because of high temporal variability so the IOM was unable to conclude that there was
an association between indoor cultural Penicillium exposure and asthma exacerba-
tions in children.

Dampness and asthma exacerbations

Multiple studies published in the past 15 years have shown a positive association be-
tween evident or measured dampness or mold and asthma severity or exacerba-
tions,2°-%3 and remediation of dampness sources and visible mold has been shown
to reduce severe asthma exacerbations.®%8* The specific causal agents for asthma
exacerbations associated with dampness have not been identified but are thought
to include fungal agents and/or other biological exposures, such as bacteria or dust
mites, that thrive in dampness.

Environmental tobacco smoke exposure and asthma exacerbations

One of the major changes in the recently released update to the IOM report was the
downgrading of the evidence in support of a causal relationship between ETS
exposure and asthma exacerbations.®® Citing 19 recent studies on ETS exposure
and asthma exacerbations, the update concluded that the “weight of evidence
no longer supports a causal relationship.”®® In preschool children for whom the ev-
idence is the strongest and formed the basis for the 2000 IOM conclusion, more
recent studies have found that high ETS exposure is not related to increased
wheezing episodes or unscheduled medical visits.®>:8° Other investigators have re-
ported an inverse relationship between current ETS and FeNO, with ETS exposure
at age 4 years associated with lower forced expiratory volume in 1 second at age
7 years but not concurrent exposure at age 7 years. Other studies have also found
no association between FeNO and ETS.%%87-90 |n contrast, multiple other studies in
children have continued to show an association between ETS exposure and
reduced lung function, increased wheezing, nocturnal symptoms, and emergency
department visits.?'~%°

Asthma Exacerbation Prevention Strategies

There is significant evidence that 3 groups of intervention strategies are effective in
reducing asthma symptoms and possibly asthma exacerbations. These groups are
(1) a tailored in-home education and remediation of asthma triggers in sensitized indi-
viduals; (2) integrated pest management in sensitized individuals; and (3) combined
elimination of moisture intrusion and leaks, and removal of mold items.®”
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Asthma Trigger Remediation

Dust mite

Multiple studies have shown the effectiveness of a comprehensive dust mite mitiga-
tion strategy on dust mite exposure in homes. The most effective strategies have
included dust-impermeable pillow, mattress, and box spring covers; use of a high-
efficiency particulate air (HEPA) vacuum cleaner; and removal of the carpets.®® So-
phisticated (and high-cost) interventions have included installation of central heating
and use of a whole-home mechanical ventilation system with heat recovery unit, which
significantly reduced humidity levels and resulted in a significant reduction in house
dust mite counts. Bedroom and living room air cleaners have been shown to reduce
cat and dog allergens but do not reduce dust mite levels in homes.*® Reductions in
dust mite exposure using either multiple bedroom strategies and/or sophisticated in-
terventions have been associated with decreases in asthma symptoms. In contrast,
isolated interventions, such as dust-impermeable pillow and mattress and box spring
covers, have not been effective.*48

Environmental tobacco smoke

Although comprehensive smoke-free laws prohibiting smoking in public places
correlated with declines in smoking rates among adults, ETS exposure has declined
more slowly among children.'?° In a cross-sectional study, using National Health and
Nutrition Examination Survey 2003 to 2010 data, 53.3% of nonsmoking children 6 to
19 years of age with asthma were exposed to ETS."°" Several interventions have tar-
geted tobacco smoke cessation and reduction of secondhand smoke exposure in
the home. However, most interventions designed to reduce children’s ETS exposure
have been ineffective.'%? The most effective strategy among children, who have min-
imal control over ETS exposure, was reported by Lanphear and colleagues,’®® in
which HEPA filters reduced the number of unscheduled asthma visits. However,
there was no difference in serum or hair cotinine between the intervention and control
groups. Children are more vulnerable than adults to the effects of third-hand smoke,
which can persist for weeks to months on surfaces and in settled dust. Studies of
smoking outside the home have shown small decreases in urine cotinine among in-
fants living in homes of smokers who smoked outside.'® This finding suggests that
even smoking outside the home is not an effective strategy for remediating ETS
exposure.

Integrated pest management

Integrated pest management (IPM) is a prevention-based approach to pest control
that reduces the need for pesticides. It is a safer, and often more effective, long-
term means of reducing the presence of pest allergens in homes compared with tradi-
tional pest control methods. IPM focuses on eliminating the root causes of pests
(Table 1) and includes (1) using small, sticky traps or glue boards in areas of the house
that are more susceptible to pests, such as the kitchen, basement, or bathroom;
(2) preventing pest access by caulking cracks and crevices that pests use to move
or hide; (3) reducing clutter to remove pest hiding places; (4) preventing food sources
by using plastic or glass containers with tight-fitting lids, washing and drying dirty
dishes, storing pet foods in pest-proof containers, and using a trash can with a
tight-fitting lid; and (5) removing water sources by fixing any water leaks, wiping up
spills, and removing pets’ water dishes at night. In New York City, IPM involves a
3-hour intervention including a home inspection, vacuuming, steam cleaning, pest
exclusion activities (sealing holes), low-toxicity pesticide application, and tenant edu-
cation, and costs from $400 to $500 per unit.%®
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Table 1
Supplies needed to implement asthma exacerbation prevention strategies

Dust mites Dust-impermeable pillow, mattress, and box spring covers
HEPA vacuum cleaner
Carpet removal

IPM Cockroach glue traps
Mouse glue traps
Door sweeps
Caulk for cracks
Plastic containers with tight lids
Trash can with tight lid
Roller mop
Copper mesh to fill holes

Adapted from Asthma Regional Council of New England. The role of pest control in effective
asthma management: a business case. 2009. Available at: http://asthmaregionalcouncil.org. Ac-
cessed January 26, 2015.

Moisture and mold interventions

In children with sensitization to mold, a comprehensive asthma program consisting of
evaluation by an asthma specialist with development of a written asthma treatment
plan, asthma education, and skill building in individualized problem solving was
coupled with household interventions designed to reduce dampness and mold.®*
Specific interventions were directed at reducing water infiltration, removing water-
damaged building materials, alterations to the heating/ventilation/air conditioning,
lead hazard control, and environmental cleaning. Mold was cleaned from hard sur-
faces, mold exposure pathways were moved, rainwater intrusion was stopped, water
vapor was exhausted from kitchens and bathroom, and plumbing leaks were repaired.
The cost for the intervention was $3458 + $2795 and resulted in a reduction in asthma
symptoms and mold levels, and a modest reduction in health care use.

REFERENCES

1. Center for Disease Control and Prevention - National Center for Health Statistics.
National Health Interview Survey Raw Data. 2009.

2. American Lung Association - Epidemiology and Statistics Unit - Research Pro-
gram Services. Trends in asthma morbidity and mortality. September 2012.

3. Bloom B, Jonas LI, Freeman G. Summary health statistics for US Children. Na-

tional Health Interview Survey. Vital Health Stat 10 2012;(254):1-88.

. Centers for Disease Control and Prevention. Vital signs. 2011.

5. Lockett GA, Holloway JW. Genome-wide association studies in asthma;
perhaps, the end of the beginning. Curr Opin Allergy Clin Immunol 2013;13:
463-9.

6. Sharma SK, Chhabra D, Kho AT, et al. The genomic origins of asthma. Thorax
2014,;69:481-7.

7. Kumar R, Seibold MA, Aldrich MC, et al. Genetic ancestry in lung function pre-
dictions. N Engl J Med 2010;363:321-30.

8. Rumpel JA, Ahmedani BK, Peterson EL, et al. Genetic ancestry and its associ-
ation with asthma exacerbations among African American subjects with asthma.
J Allergy Clin Immunol 2012;130:1302-6.

9. Rose D, Mannino DM, Leaderer BP. Asthma prevalence among US adults,
1998-2000: role of Puerto Rican ethnicity and behavioral and geographic fac-
tors. Am J Public Health 2006;96:880-8.

~


http://refhub.elsevier.com/S0031-3955(15)00083-8/sref1
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref1
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref2
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref2
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref2
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref3
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref3
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref4
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref4
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref5
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref5
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref5
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref6
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref6
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref6
http://asthmaregionalcouncil.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Childhood Asthma Management

Ortega VE, Meyers DA. Pharmacogenetics: implications of race and ethnicity on
defining genetic profiles for personalized medicine. J Allergy Clin Immunol
2014;133:16-26.

Nelson HS, Weiss ST, Bleecker ER, et al. The Salmeterol Multicenter Asthma
Research Trial: a comparison of usual pharmacotherapy for asthma or usual
pharmacotherapy plus salmeterol. Chest 2006;129:15-26.

Salpeter SR, Buckley MS, Ormiston TM, et al. Meta-analysis: effect of long-
acting beta-agonists on severe asthma exacerbations and asthma-related
deaths. Ann Intern Med 2006;144:904—12.

Sears MR, Ottosson A, Radner F, et al. Long-acting beta-agonists: a review
of formoterol safety data from asthma clinical trials. Eur Respir J 2009;33:
21-32.

Lemanske RF, Mauger DT, Sorkness CA, et al. Step-up therapy for children with
uncontrolled asthma receiving inhaled corticosteroids. N Engl J Med 2010;362:
975-82.

Naqvi M, Thyne S, Choudhry S, et al. Ethnic-specific differences in bronchodi-
lator responsiveness among African Americans, Puerto Ricans, and Mexicans
with asthma. J Asthma 2007;44:639-48.

Asher MI, Montefort S, Bjorksten B, et al. Worldwide time trends in the preva-
lence of symptoms of asthma, allergic rhinoconjunctivitis, and eczema in child-
hood: ISAAC phases one and three repeat multicountry cross-sectional surveys.
Lancet 2006;368(9537):733-43.

Brauer M, Hoek G, Van Vliet P, et al. Air pollution from traffic and the develop-
ment of respiratory infections and asthmatic and allergic symptoms in children.
Am J Respir Crit Care Med 2002;166(8):1092-8.

Brooks C, Pearce N, Douwes J. The hygiene hypothesis in allergy and asthma:
an update. Curr Opin Allergy Clin Immunol 2013;13(1):70-7.

Rajabbik MH, Lotfi T, Alkhaled L, et al. Association between low vitamin D levels
and the diagnosis of asthma in children: a systematic review of cohort studies.
Allergy Asthma Clin Immunol 2014;10(1):31.

Cheelo M, Lodge CJ, Dharmage SC, et al. Paracetamol exposure in pregnancy
and early childhood and development of childhood asthma: a systematic review
and meta-analysis. Arch Dis Child 2015;100(1):81-9.

Pearce N, Douwes J. The global epidemiology of asthma in children. Int J Tu-
berc Lung Dis 2006;10(2):125-32.

Strachan DP. Hay fever, hygiene, and household size. BMJ 1989;299(6710):
1259-60.

Perzanowski MS, Miller RL, Thorne PS, et al. Endotoxin in inner-city homes: as-
sociations with wheeze and eczema in early childhood. J Allergy Clin Immunol
2006;117(5):1082-9.

Haahtela T, Holgate S, Pawankar R, et al. The biodiversity hypothesis and
allergic disease: World Allergy Organization position statement. World Allergy
Organ J 2013;6(1):3.

Braegger C, Campoy C, Colomb V, et al. Vitamin D in the healthy European pae-
diatric population. J Pediatr Gastroenterol Nutr 2013;56(6):692-701.

van QOeffelen AA, Bekkers MB, Smit HA, et al. Serum micronutrient concentra-
tions and childhood asthma: the PIAMA birth cohort study. Pediatr Allergy Im-
munol 2011;22(8):784-93.

Hollams EM, Hart PH, Holt BJ, et al. Vitamin D and atopy and asthma
phenotypes in children: a longitudinal cohort study. Eur Respir J 2011;38(6):
1320-7.

1209


http://refhub.elsevier.com/S0031-3955(15)00083-8/sref7
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref7
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref7
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref8
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref8
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref8
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref9
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref9
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref9
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref10
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref10
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref10
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref11
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref11
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref11
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref12
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref12
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref12
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref13
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref13
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref13
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref13
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref14
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref14
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref14
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref15
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref15
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref16
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref16
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref16
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref17
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref17
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref17
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref18
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref18
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref19
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref19
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref20
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref20
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref20
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref21
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref21
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref21
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref22
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref22
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref23
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref23
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref23
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref24
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref24
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref24

1210

Hollenbach & Cloutier

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Lasky-Su J, Lange N, Brehm JM, et al. Genome-wide association analysis of
circulating vitamin D levels in children with asthma. Hum Genet 2012;131(9):
1495-505.

Litonjua AA. Vitamin D deficiency as a risk factor for childhood allergic disease
and asthma. Curr Opin Allergy Clin Immunol 2012;12(2):179-85.

Shaheen SO. Acetaminophen and childhood asthma: pill-popping at our peril?
J Allergy Clin Immunol 2015;135(2):449-50.

Perquin M, Oster T, Maul A, et al. The glutathione-related detoxification system is
increased in human breast cancer in correlation with clinical and histopatholog-
ical features. J Cancer Res Clin Oncol 2001;127(6):368-74.

Jackson DJ, Gangnon RE, Evans MD, et al. Wheezing rhinovirus illnesses in
early life predict asthma development in high-risk children. Am J Respir Crit
Care Med 2008;178(7):667-72.

Schnabel E, Heinrich J, LISA Study Group. Respiratory tract infections and not
paracetamol medication during infancy are associated with asthma develop-
ment in childhood. J Allergy Clin Immunol 2010;126(5):1071-3.

McGrath KW, Icitovic N, Boushey HA, et al. A large subgroup of mild-to-
moderate asthma is persistently noneosinophilic. Am J Respir Crit Care Med
2012;185:612-9.

Niimi A, Matsumoto H, Mishima M. Eosinophilic airways disorders associated
with chronic cough. Pulm Pharmacol Ther 2009;22:114-20.

Nelson KA, Zorc JJ. Asthma update. Pediatr Clin North Am 2013;60:1035-48.
Guilbert TW, Morgan WJ, Zeiger RS, et al. Long-term inhaled corticosteroids in
preschool children at high risk for asthma. N Engl J Med 2006;354(19):1985-97.
Martinez FD, Wright AL, Taussig LM, et al. Asthma and wheezing in the first six
years of life. The Group Health Medical Associates. N Engl J Med 1995;332:
133-8.

Boezen HM, Jansen DF, Postma DS. Sex and gender differences in lung devel-
opment and their clinical significance. Clin Chest Med 2004;25:237-45.
Institute of Medicine. Clearing the air: asthma and indoor air exposures.
Washington, DC: National Academy Press; 2000.

Arshad SH. Primary prevention of asthma and allergy. J Allergy Clin Immunol
2005;116:3-14.

Custovic A, Simpson BM, Simpson A, et al. Manchester Asthma and Allergy
Study: low-allergen environment can be achieved and maintained during preg-
nancy and in early life. J Allergy Clin Immunol 2000;105:282-8.

Halmerbauer G, Gartner C, Schier M, et al. Study on the Prevention of Allergy in
Children in Europe (SPACE): allergic sensitization in children at 1 year of age in
a controlled trial of allergen avoidance from birth. Pediatr Allergy Immunol 2002;
13(suppl 15):47-54.

van Strien RT, Koopman LP, Kerkhof M, et al. Mattress encasings and mite
allergen levels in the prevention and incidence of asthma and mite allergy study.
Clin Exp Allergy 2003;33:490-5.

Brunekreef B, Smit J, de Jongste JC, et al. The prevention and incidence of
asthma and mite allergy (PIAMA) birth cohort study: design and first results. Pe-
diatr Allergy Immunol 2002;13:55-60.

Horak FJ, Matthews S, lhorst G, et al. Effect of mite-impermeable mattress en-
casings and an educational package on the development of allergies in a multi-
national randomized, controlled birth-cohort study-24 months results of the
Study of Prevention of Allergy in Children in Europe. Clin Exp Allergy 2004;34:
1220-5.


http://refhub.elsevier.com/S0031-3955(15)00083-8/sref25
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref25
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref25
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref26
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref26
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref27
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref27
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref28
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref28
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref28
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref29
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref29
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref29
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref30
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref30
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref30
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref31
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref31
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref31
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref32
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref32
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref33
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref34
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref34
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref35
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref35
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref35
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref36
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref36
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref37
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref37
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref38
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref38
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref39
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref39
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref39
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref40
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref40
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref40
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref40
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref41
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref41
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref41
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref42
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref42
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref42
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref43
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref43
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref43
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref43
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref43

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Childhood Asthma Management

Simpson A, Simpson B, Custovic A, et al. Stringent environmental control in
pregnancy and early life: the long-term effects on mite, cat and dog allergen.
Clin Exp Allergy 2003;33:1183-9.

Gehring U, de Jongste JC, Kerkhof M, et al. The 8-year follow up of the PIAMA
intervention study assessing the effect of mite-impermeable mattress covers.
Allergy 2012,67:248-56.

Sabina I, Weber J, Zutavern A, et al. Perinatal influences on the development
of asthma and atopy in childhood. Ann Allergy Asthma Immunol 2014;112:
132-9.

Feldman AS, He Y, Moore ML, et al. Toward primary prevention of asthma: re-
viewing the evidence of early-life respiratory viral infections as modifiable risk
factors to prevent childhood asthma. Am J Respir Crit Care Med 2015;191:
34-44.

Blanken MO, Rovers MM, Molenaar JM, et al, Dutch RSV Neonatal Network.
Respiratory syncytial virus and recurrent wheeze in healthy preterm infants.
N Engl J Med 2013;368:1791-9.

Chen CH, Lin YT, Yang YH, et al. Ribavirin for respiratory syncytial virus bron-
chiolitis reduced the risk of asthma and allergen sensitization. Pediatr Allergy
Immunol 2008;19:166-72.

Simoes EA, Groothuis JR, Carbonell-Estrany X, et al. Palivizumab prophylaxis,
respiratory syncytial virus, and subsequent recurrent wheezing. J Pediatr
2007;151:34-42.

Yoshihara S, Kusuda S, Mochizuki H, et al. Effect of palivizumab prophylaxis
on subsequent recurrent wheezing in preterm infants. Pediatrics 2013;132:
811-8.

Thomson NC. The role of environmental tobacco smoke in the origins and pro-
gression of asthma. Curr Allergy Asthma Rep 2007;7:303-9.

U.S. Department of Health and Human Services. The Health Consequences of
Involuntary Exposure to Tobacco Smoke: A Report of the Surgeon General. At-
lanta (GA): US Department of Health and Human Services; Centers for Disease
Control and Prevention; Coordinating, Center for Health Promotion; National
Center for Chronic Disease Prevention and Health Promotion; Office on Smoking
and Health; 2006.

Lewis SA, Antoniak M, Venn AJ, et al. Secondhand smoke, dietary fruit intake,
road traffic exposures and the prevalence of asthma: a cross-sectional study
in young children. Am J Epidemiol 2005;161:406—-11.

Kanchongkittiphonn W, Mendel MJ, Gaffin JM, et al. Indoor environmental expo-
sures and exacerbation of asthma: an update to the 2000 review by the Institute
of Medicine. Environ Health Perspect 2015;123:6-20.

Gent JF, Belanger K, Triche EW, et al. Association of pediatric asthma severity
with exposure to common household dust allergens. Environ Res 2009;109:
968-74.

El-Ghitany EM, Abd El-Salam MM. Association of residential dampness and
mold with respiratory tract infections and bronchitis: a meta-analysis. Environ
Health Perspect 2010;9:1-11.

Gent JF, Kezik JM, Hill ME, et al. Household mold and dust allergens: expo-
sure, sensitization and childhood asthma morbidity. Environ Res 2012;118:
86-93.

Halken S, Host A, Niklassen U, et al. Effect of mattress and pillow encasings on
children with asthma and house dust mite allergy. J Allergy Clin Immunol 2003;
111:169-76.

1211


http://refhub.elsevier.com/S0031-3955(15)00083-8/sref44
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref44
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref44
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref45
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref45
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref45
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref46
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref46
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref46
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref47
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref47
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref47
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref47
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref48
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref48
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref48
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref49
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref49
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref49
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref50
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref50
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref50
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref51
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref51
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref51
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref52
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref52
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref53
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref53
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref53
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref53
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref53
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref53
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref54
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref54
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref54
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref55
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref55
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref55
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref56
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref56
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref56
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref57
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref57
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref57
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref58
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref58
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref58
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref59
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref59
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref59

1212

Hollenbach & Cloutier

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Nitschke M, Pilotto LS, Attewell RG, et al. A cohort study of indoor nitrogen di-
oxide and house dust mite exposure in asthmatic children. Occup Environ Med
2006;48:462-9.

Rabito FA, Carlson J, Hold EW, et al. Cockroach exposure independent of sensi-
tization status and association with hospitalization for asthma in inner-city chil-
dren. Ann Allergy Asthma Immunol 2011;106:103-9.

Spanier AJ, Hornung R, Lierl M, et al. Environmental exposures and exhaled ni-
tric oxide in children with asthma. J Pediatr 2006;149:220-6.

Turyk M, Curtis LH, Scheff P, et al. Environmental allergens and asthma
morbidity in low-income children. J Asthma 2006;43:453-7.

Murray CS, Poletti G, Kebadze T, et al. Study of modifiable risk factors for
asthma exacerbations: virus infection and allergen exposure increase the risk
of asthma hospital admissions in children. Thorax 2006;61:376-82.

Langley SJ, Goldthorpe S, Craven M, et al. Relationship between exposure to
domestic allergens and bronchial hyperresponsiveness in non-sensitised,
atopic asthmatic subjects. Thorax 2005;60:17-21.

Kang BH. Study on cockroach antigen as a probable causative agent in bron-
chial asthma. J Allergy Clin Immunol 1976;58:357-65.

Bernton HS, McMahon RF, Brown H. Cockroach asthma. Br J Dis Chest 1972;
66:61-6.

Gruchalla RS, Pongracic J, Plaut M, et al. Inner City Asthma Study: relationships
among sensitivity, allergen exposure, and asthma morbidity. J Allergy Clin Im-
munol 2005;115:478-85.

Rosenstreich DL, Eggleston P, Kattan M, et al. The role of cockroach allergy and
exposure to cockroach allergen in causing morbidity among inner-city children
with asthma. N Engl J Med 1997;336:1356-63.

Jeong SK, Kim HJ, Youm JK, et al. Mite and cockroach allergens activate
protease-activated receptor 2 and delay epidermal permeability barrier recov-
ery. J Invest Dermatol 2008;128:1930-9.

Kauffman HF. Innate immune responses to environmental allergens. Clin Rev Al-
lergy Immunol 2006;30:129-40.

Matsumura Y. Role of allergen source-derived proteases in sensitization via
airway epithelial cells. J Allergy (Cairo) 2012;90:365-9.

Atkinson RW, Strachan DP, Anderson HR, et al. Temporal associations between
daily counts of fungal spores and asthma exacerbations. Occup Environ Med
2006;63:580-90.

Pongracic JA, O'Connor GT, Muilenberg ML, et al. Differential effects of outdoor
versus indoor fungal spores on asthma morbidity in inner-city children. J Allergy
Clin Immunol 2010;125:593-9.

Bundy KW, Gent JF, Beckett W, et al. Household airborne Penicillium associated
with peak expiratory flow variability in asthmatic children. Ann Allergy Asthma
Immunol 2009;103:26-30.

Inal A, Karakoc GB, Altintas DU, et al. Effect of indoor mold concentrations on
daily symptom severity of children with asthma and/or rhinitis monosensitized
to molds. J Asthma 2007;44:543-6.

Bernstein JA, Bobbitt RC, Levin L, et al. Health effects of ultraviolet irradiation in
asthmatic children’s homes. J Asthma 2006;43:255-62.

Bonner S, Matte TD, Fagan J, et al. Self-reported moisture or mildew in the
homes of Head Start children with asthma is associated with greater asthma
morbidity. J Urban Health 2006;83:129-37.


http://refhub.elsevier.com/S0031-3955(15)00083-8/sref60
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref60
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref60
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref61
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref61
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref61
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref62
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref62
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref63
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref63
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref64
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref64
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref64
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref65
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref65
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref65
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref66
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref66
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref67
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref67
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref68
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref68
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref68
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref69
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref69
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref69
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref70
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref70
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref70
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref71
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref71
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref72
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref72
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref73
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref73
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref73
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref74
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref74
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref74
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref75
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref75
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref75
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref76
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref76
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref76
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref77
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref77
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref78
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref78
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref78

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Childhood Asthma Management

Hagmolen of Ten Have W, van den Berg MJ, van der Palen J, et al. Residential
exposure to mould and dampness is associated with adverse respiratory health.
Clin Exp Allergy 2007;37:1827-32.

Venn AJ, Cooper M, Antoniak M, et al. Effects of volatile organic compounds,
damp and other environmental exposure in the home on wheezing illness in
children. Thorax 2003;58:955-60.

Kercsmar CM, Dearborn DG, Schluchter M, et al. Reduction in asthma morbidity
in children as a result of home remediation aimed at moisture sources. Environ
Health Perspect 2006;114:1574-80.

Kattan M, Gergen PJ, Eggleston P, et al. Health effects of indoor nitrogen diox-
ide and passive smoking on urban asthmatic children. J Allergy Clin Immunol
2007;120:618-24.

Perzanowski MS, Divjan A, Mellins RB, et al. Exhaled NO among inner-city chil-
dren in New York City. J Asthma 2010;47:1015-21.

Dinakar C, Lapuente M, Barnes C, et al. Real-life environmental tobacco expo-
sure does not affect exhaled nitric oxide levels in asthmatic children. J Asthma
2005;42:113-8.

Spanier AJ, Hornung R, Kahn RS, et al. Seasonal variation and environmental
predictors of exhaled nitric oxide in children with asthma. Pediatr Pulmonol
2008;43:576-83.

Vargas PA, Brenner B, Clark SJ, et al. Exposure to environmental tobacco
smoke among children presenting to the emergency department with acute
asthma: a multicenter study. Pediatr Pulmonol 2007;42:646-55.

Karadag B, Karakoc F, Ceran L, et al. Does passive smoke exposure trigger acute
asthma attacks in children? Allergol Immunopathol (Madr) 2003;31:318-23.
Chapman RS, Hadden WC, Perlin SA. Influences of asthma and household envi-
ronment on lung function in children and adolescents: the third national health
and nutrition examination survey. Am J Epidemiol 2003;158:175-89.

Lawson JA, Dosman JA, Rennie DC, et al. Relationship of endotoxin and to-
bacco smoke exposure to wheeze and diurnal peak expiratory flow variability
in children and adolescents. Respirology 2011;16:332-9.

Soussan D, Liard R, Aureik M, et al. Treatment compliance, passive smoking
and asthma control: a three year cohort study. Arch Dis Child 2003;88:229-33.
Sturm R. The effects of obesity, smoking, and drinking on medical problems and
costs. Health Aff (Millwood) 2002;21(2):245-53.

Morkjaroenpong V, Rand CS, Butz AM, et al. Environmental tobacco smoke
exposure and nocturnal symptoms among inner-city children with asthma.
J Allergy Clin Immunol 2002;110:147-53.

Wang HC, McGeady SJ, Yousef E. Patient, home residence and neighborhood
characteristics in pediatric emergency department visits for asthma. J Asthma
2007;44:95-8.

Krieger JW, Jacobs DE, Ashley PJ, et al. Housing interventions and control of
asthma-related indoor biologic agents: a review of the evidence. J Public Health
Manag Pract 2010;16:511-20.

Morgan WJ, Crain EF, Gruchalla RS, et al. Results of a home-based environ-
mental intervention among urban children with asthma. N Engl J Med 2004;
351:1068-80.

van der Heide S, van Aalderen WM, Kauffman HF, et al. Clinical effects of air
cleaners in homes of asthmatic children sensitized to pet allergens. J Allergy
Clin Immunol 1999;104:447-51.

1213


http://refhub.elsevier.com/S0031-3955(15)00083-8/sref79
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref79
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref79
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref80
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref80
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref80
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref81
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref81
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref81
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref82
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref82
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref82
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref83
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref83
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref84
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref84
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref84
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref85
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref85
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref85
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref86
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref86
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref86
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref87
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref87
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref88
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref88
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref88
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref89
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref89
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref89
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref90
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref90
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref91
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref91
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref92
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref92
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref92
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref93
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref93
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref93
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref94
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref94
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref94
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref95
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref95
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref95
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref96
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref96
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref96

1214

Hollenbach & Cloutier

100.

101.

102.

108.

104.

106.

Marano C, Schober SE, Brody DJ, et al. Secondhand tobacco smoke exposure
among children and adolescents: United States, 2003-2006. Pediatrics 2009;
124(5):1299-305.

Akinbami LJ, Kit BK, Simon AE. Impact of environmental tobacco smoke on chil-
dren with asthma, United States, 2003-2010. Acad Pediatr 2013;13(6):508-16.
Priest N, Roseby R, Waters E, et al. Family and carer smoking control pro-
grammes for reducing children’s exposure to environmental tobacco smoke.
Cochrane Database Syst Rev 2008;(4):CD001746.

Lanphear BP, Hornung RW, Khoury J, et al. Effects of HEPA air cleaners on un-
scheduled asthma visits and asthma symptoms for children exposed to second-
hand tobacco smoke. Pediatrics 2011;127(1):93-101.

Matt GE, Quintana PJ, Hovell MF, et al. Households contaminated by environ-
mental tobacco smoke: sources of infant exposures. Tob Control 2004;13(1):
29-37.

Asthma Regional Council of New England. The role of pest control in effective
asthma management: A business case. 2009. Available at: http://
asthmaregionalcouncil.org. Accessed January 26, 2015.


http://refhub.elsevier.com/S0031-3955(15)00083-8/sref97
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref97
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref97
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref98
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref98
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref99
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref99
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref99
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref100
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref100
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref100
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref101
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref101
http://refhub.elsevier.com/S0031-3955(15)00083-8/sref101
http://asthmaregionalcouncil.org
http://asthmaregionalcouncil.org

	Childhood Asthma Management and Environmental Triggers
	Key points
	Introduction
	Epidemiology
	Genetics of Asthma
	Hypotheses on the Origins of Asthma
	The hygiene hypothesis
	The vitamin D hypothesis
	The acetaminophen hypothesis


	Asthma pathophysiology
	Risk Factors and Natural History

	Prevention strategies
	Asthma Prevention
	Dust mite exposure and asthma development
	Respiratory tract infections and asthma development
	Environmental tobacco smoke and asthma development

	Asthma Exacerbation Prevention
	Dust mite and asthma exacerbations
	Cat allergen exposure and asthma exacerbations
	Cockroach exposure and asthma exacerbations
	Fungi and asthma exacerbations
	Dampness and asthma exacerbations
	Environmental tobacco smoke exposure and asthma exacerbations

	Asthma Exacerbation Prevention Strategies
	Asthma Trigger Remediation
	Dust mite
	Environmental tobacco smoke
	Integrated pest management
	Moisture and mold interventions


	References


