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Asthma remains the most common chronic condition of childhood. Strong evidence has linked exposure to
allergens and other triggers commonly found in homes to allergen sensitization and asthma incidence and
morbidity. A growing body of evidence has demonstrated that a home visit strategy that includes an envi-
ronmental component that addresses multiple triggers through multiple interventions is effective. Such home
visits reduce exposure to triggers, decrease symptoms and urgent health-care use, and increase quality of life.
To make home visits widely available will require health-care payor reimbursement, government and health
plan funding, training and certification of home visitors, and active referrals from health-care providers.
However, a strategy based solely on education and behavior change is limited, because it cannot adequately
reduce exposures due to adverse housing conditions. Therefore, approaches that address substandard housing
are needed. These include remediation of existing housing and construction of new asthma-friendly homes.
Most studies of remediation have made relatively narrow and focused improvements, such as insulation,
heating, or ventilation. Outcomes have been mixed. Studies of new asthma-friendly homes are in their infancy,
with promising pilot data. Further investigation is needed to establish the effectiveness of improving housing.
A final strategy is improving housing quality through policy change, such as implementation of healthy
housing guidelines for new construction, enhancement and increased enforcement of housing codes, and
assuring smoke-free multi-unit homes. The combination of home visits, improved housing construction, and
policy change has great potential for reducing the global burden of asthma.

Introduction

Asthma remains the most common chronic disease of
childhood, affecting 9.1% of all American children. The

prevalence and morbidity of asthma among children in the
United States have increased dramatically over the past 3
decades. More than 6 million children have current asthma,
leading to 205,000 pediatric hospitalizations and 697,000
emergency department visits each year.1 Asthma income and
racial disparities continue undiminished.2 Relative to
wealthier and white populations, low-income and non-white
populations have higher asthma prevalence and experience
more serious impacts such as severe attacks leading to
emergency department visits and hospitalizations.2–5

Indoor Triggers Play a Major Role
in Asthma Incidence and Morbidity

Asthma develops through the interaction of genetic fac-
tors with environmental exposures.6 Strong evidence has
linked exposure to allergens commonly found in homes,
such as those derived from dust mites, cockroaches, rodents,

molds, and pet dander, to sensitization and subsequent
asthma incidence and morbidity.7–13 Exposure to indoor al-
lergens is widespread, with >92% of homes containing suf-
ficient concentrations of at least 1 allergen in dust to cause
symptoms in sensitized individuals and 46% with exposure
to 3 or more.14 As much as 40% of the excess asthma risk
in non-white children may be attributable to exposure to
residential allergens.15 Being poor or a person of color is
associated with increased rates of sensitization to several
asthma-associated allergens found in homes.16–20

In addition to allergens, other indoor asthma triggers in-
clude tobacco smoke,21 nitrogen oxides from combustion
devices,22 and irritants from volatile organic compounds and
fungi.8

Housing Conditions Generate Exposure
to Asthma Triggers

Living in substandard housing often leads to exposure to
triggers and higher rates of allergen sensitization.23–26 Fea-
tures of substandard housing such as excessive moisture and
dampness, inadequate or poorly maintained heating and
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ventilation systems, crowding, pest infestations, deteriorated
carpeting, and structural defects are associated with expo-
sure to indoor asthma triggers.27

Interventions to Reduce Exposure to Triggers

Given the important role triggers play in producing
asthma exacerbations and inequities, decreasing them has
emerged as a major goal of current asthma guidelines.28,29 It
is feasible to reduce indoor exposures and doing so improves
clinical outcomes. Over the past 2 decades, knowledge of
how to reduce exposure to indoor asthma triggers has in-
creased dramatically.7,30–41

Single-trigger interventions generally ineffective

Initial approaches for reducing trigger exposure focused
on individual triggers. They generally have had minimal to
no success. For example, interventions that target dust mites
alone have had limited impact, even those employing mul-
tiple modalities.42 Two well-designed, large, randomized
studies of bedding encasements did not find improvements
in clinical measures.43,44 Acaricides used as a single inter-
vention do not appear to be effective.42 Another example is
control of cockroach exposure. While effective strategies to
reduce exposure to cockroaches are available (especially in-
tegrated pest management), evidence of impact on asthma
morbidity is currently lacking.45–47

Single-component interventions
also not very effective

Similarly, the evidence for the effectiveness of single in-
terventions on clinical outcomes is weak. While vacuuming
and/or steam cleaning may reduce exposure to mites and
pet allergens, most studies have not assessed or demon-
strated clinical improvements.48,49 High efficiency particulate
arrestor (HEPA) air filters may reduce exposure to pet aller-
gens, but clinical impact is uncertain.50–52

Multi-trigger, multi-component approaches
more effective

Given the generally unimpressive effects of individual
interventions, a new generation of studies has examined the
potential benefits of more comprehensive approaches that
address multiple triggers and the whole-home environment.
Two major strategies for reducing exposures have emerged.
The first is home-based education and support. However, a
strategy based primarily on education and behavior change
is limited in its ability to reduce exposures due to adverse
housing conditions. Therefore, a complementary strategy
addresses substandard housing conditions related to asthma.
In this article, home visits are reviewed first and then im-
proving housing is discussed.

Home visits. A growing body of evidence has demon-
strated that a home visit strategy that includes an environ-
mental component focused on multiple triggers through
multiple interventions is effective. Such home visits reduce
exposure to triggers, decrease symptoms and urgent health-
care use, and increase quality of life.7,53–62 Visitors assess
home environmental conditions, tailor education on how
to eliminate triggers to the client’s sensitization status and
exposures found in the home, provide trigger reduction

resources (eg, vacuums, cleaning supplies, bedding encase-
ments, and referral to smoking cessation), help with cock-
roach and rodent integrated pest management, make minor
repairs, and provide social support. Importantly, visitors
build trusting relationships with clients, thus enhancing their
effectiveness in motivating behavior changes.

The Seattle-King County Healthy Homes program is an
example of a home visit program. Our first Healthy Homes I
project delivered home visits to reduce exposure to indoor
asthma triggers among children living in ethnically diverse,
low-income households.53,63,64 A distinguishing feature of the
Healthy Homes I project was its use of community health
workers (CHWs). The CHWs shared language, ethnicity,
culture, and a personal or family experience with asthma with
the participants. The CHW provided a 1-year long, high-
intensity intervention. During the first home visit, the CHW
conducted a structured home environmental assessment by
walking through the home with the caregiver. Following the
assessment, the CHW developed an individualized home
action plan that described protocol-specified actions to ad-
dress the triggers and behaviors found by the assessment.
Working with families during the following year, the CHW
monitored and reinforced behaviors, adjusting plans as nee-
ded. Using a randomized controlled trial design, we com-
pared the impact of the high intensity intervention to a
low-intensity control group that received only a single visit
and bedding covers. The high-intensity intervention yielded
significantly greater benefit in caregiver quality-of-life65 [0.58
points, 95% confidence interval (CI)¼ 0.18, 0.99, P¼ 0.005]
and lower urgent health services utilization (0.97 fewer epi-
sodes per year, 95% CI¼ –1.82, –0.12, P¼ 0.026). Symptom
days decreased more in the high-intensity group, but the
difference between groups was not significant (1.24 days per 2
weeks, 95% CI¼ –2.88, 0.40, P¼ 0.138).

The Inner City Asthma Study is the largest study to assess
home visits.55 This multi-site randomized trial targeted in-
terventions to reduce exposure to asthma triggers to which a
child was sensitized. The intervention group had fewer
symptoms (0.82 days per 2-week period, P< 0.001) and
fewer unscheduled asthma-related visits to the emergency
department or clinic (one fewer for every 2.85 children
treated, P¼ 0.04).

Both studies employed CHWs as the home visitors.
CHWs bring important strengths to home visit programs,
especially when working with low-income, disempowered
clients. Because they share community, culture, ethnicity,
language, and life experiences with the families, they can
bridge the gap between community members and the health
system and develop trusting relationships. The CHW tends
to function more as a peer and coach than a distant profes-
sional. Clients may be more likely to heed their advice and
learn new skills as they develop relationships with the CHW.
The CHWs model effective trigger control behaviors and
tailor their support to a family’s needs and priorities by as-
sessing their readiness to take action and by understanding
the family’s cultural and community context. They help
families with concerns extending well beyond asthma, such
as housing, domestic violence, and employment to enable
the family to focus on asthma.

Providing asthma education in the home, especially when
directed toward environmental conditions, offers several
advantages over clinic-based approaches. Assessment of the
indoor environment is central to identification of exposures,
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yet it is difficult to do so without directly observing condi-
tions in the home. It is also challenging to teach the exposure
reduction skills in the clinic or class room. Home visitors
bring education to participants and therefore may increase
participation and retention relative to classes.

Protocols and resources to implement home visit pro-
grams are widely available.66,67 Implementation of home
visit programs is feasible.68,69 Home visit programs are not
expensive, with costs per client ranging from $200 to $1500.
The range in costs is driven by variation in the type of home
visitor and the intensity of the intervention. A recent cost-
effectiveness analysis concluded that home visits have a re-
turn on investment of 5.3–14.0 and a cost $12–$57 per
symptom-free day gained. Note that the annual cost of in-
haled fluticasone (220 mg) is *$1567.70

Improved housing. Although evidence for the effective-
ness of multifaceted, in-home, tailored interventions for
asthma is strong, home interventions are limited in their
ability to modify the relationship between housing condi-
tions and asthma outcomes. Behavioral interventions alone
cannot eliminate substandard housing conditions, such as
water intrusion or lack of ventilation systems, which result in
exposure to asthma triggers.

Therefore, we and others have begun developing inter-
ventions that address substandard housing conditions. Ap-
proaches include remediation of existing housing
deficiencies to bring homes in line with healthy homes
guidelines and construction of new asthma-friendly homes.
Several sets of guidelines for such homes are available,71

such as The 7 Principles of a Healthy Home from the Na-
tional Center for Healthy Housing,72 the U.S. Green Building
Council’s LEED for Homes,73 the National Association of
Home Builders’ NAHB Green Home Building Guidelines,74

Enterprise Community Partner’s Green Communities Cri-
teria,75 the U.S. Environmental Protection Agency’s Energy
Star with Indoor Air Package,76 and the American Lung
Association’s Health House Builder Guidelines.77 The rec-
ommendations include designing the foundation and build-
ing envelope to prevent water intrusion, incorporating
efficient and effective ventilation methods, using hard sur-
face flooring materials, and employing products that mini-
mize emission of volatile organic compounds. The guidelines
are heterogeneous and may not offer equivalent health pro-
tection.

Remediation of existing housing. Most studies of housing
remediation have implemented focused, limited improve-
ments. For example, a large, well-designed, randomized
controlled trial of home insulation in New Zealand showed
decreased moisture and mold exposure and improved gen-
eral and respiratory health status.78 Several other studies have
focused on remediation of mold-contaminated homes. The
largest study (164 homes) was a randomized controlled
trial of visible mold eradication (with removal, fungicide
application, and ventilation fan installation). It reduced
asthma symptoms and medication use, although not peak
flow variability.79 A randomized controlled trial in Cleveland
remediated mold-contaminated homes, including reduction
of water infiltration, removal of water-damaged building
materials, and heating/ventilation/air-conditioning alter-
ations. All participants received optimized medical care
and asthma education. Children living in the remediated
home had significantly reduced symptom days and health-
care use.80

Other studies have focused on improving ventilation and
decreasing humidity as a means to reduce mite exposure.81–85

Some were able to reduce humidity and mite allergen levels,
although with less success in very humid climates.

Investigators are currently assessing whether a more ho-
listic approach to remediating homes may be more effective
than single-focus repairs. The National Center for Healthy
Housing has completed an evaluation of the Viking Apart-
ments, a public housing development in Worthington, MN.86

Remediation included installation of a high-efficiency geo-
thermal heating and cooling system, enhanced insulation
of the building envelope, improved ventilation, and low-
volatile organic compound paints, sealants, and adhesives.
We are working with the King County Housing Authority to
examine whether weatherizing homes with attention to re-
ducing exposure to asthma triggers might be effective.
Weatherization includes cost-effective energy upgrades, re-
lated repairs, and health and safety improvements, such as
insulation, repairs to heating and ventilation systems, pest-
proofing, minor roof and gutter repairs, mold remediation,
and carpet removal. Two other similar projects are underway
in Mankato, MN, and Washington, DC.87

Creating new asthma-friendly housing. Our Breathe Easy
Home pilot project is an example of the new housing con-
struction approach. We assessed whether moving into a new
asthma-friendly home provides additional benefits in con-
trolling asthma beyond those offered by CHW home visits.88

The homes include high R-value blown-in insulation in a
wall constructed of 2�6 advanced framing, exterior envelope
made of cement board exterior siding with a modified rain
screen and airtight and moisture-tight construction, Energy
Star� compliant argon-filled windows (U< 0.35), insulated
foundation, airtight drywall installation, heat-recovery
HEPA filtered whole-house ventilation, spot ventilation in all
bathrooms and kitchen areas with humidity sensitive con-
trols in bathrooms with showers, hot water heat to avoid
dust associated with forced-air systems, hard surface floor-
ing (Marmoleum�) with carpeting only on stairs, low
emission finishes, sealed cabinets, and low allergen land-
scaping (Fig. 1). The additional Breathe Easy Home features
added an additional $6000–$7000 in building costs per unit,
equal to the cost of 2 pediatric hospitalization ($3343 each).89

CHWs helped families learn about their new homes, and
gave them home cleaning resources similar to those pro-
vided in Healthy Homes I. The lease agreement specifically
prohibited smoking or furry pets inside homes.

Children who moved into the Breathe Easy Homes
benefited from large increases in symptom-free days (from
8.6 per 2 weeks to 12.4, 95% CI of change¼ 1.7, 5.9, P¼ 0.001)
and their caretakers showed improvement in asthma-related
quality of life (from 5.0 to 5.8 units in the Pediatric Asthma
Caregiver Quality of Life scale,65 95% CI of change¼ 0.3, 1.4,
P¼ 0.002). The proportion with an urgent clinical visit in the
prior 3 months decreased from 62% to 21% (95% CI of
change¼�65.9,� 16.5, P¼ 0.002). Rescue medication use,
activity limitation, and symptom nights in the past 2 weeks
all decreased. Lung function measured by FEV1 improved.
Exposure to mold, dampness, and rodents after moving into
the Breathe Easy Homes decreased dramatically and signif-
icantly. Smoking in the home and roaches also showed large
and clinically important changes, which did not reach sta-
tistical significance. We compared these changes within the
Breathe Easy Home group to those observed in an historical
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comparison group that had received CHW home visits while
remaining in old homes. This analysis showed no significant
differences in outcomes across the 2 cohorts, although the
degree of improvement in the Breathe Easy Home group was
greater for all measures except FEV1 and nocturnal asthma
symptoms. This study suggests that moving into a healthier
home adds benefits beyond those conferred by in-home
asthma education alone, but larger and more rigorous studies
are needed to confirm these suggestive initial findings.

Where to Go from Here

So where do we stand in regard to implementing effective
interventions to reduce exposure to asthma triggers in the
home? The evidence for multi-trigger, multi-component
home visits is strong, the costs reasonable, and the feasibility
of implementation clear. The next task is to overcome bar-
riers to wide-spread dissemination. Health-care payors need
to reimburse for home visits, just as they do for asthma
medications. Federal, state, and local governments and
health plans should fund home visits through public–private
partnerships. As the strongest evidence exists for CHW
home visit programs, CHW training and certification pro-
grams are needed. Implementers of home visit programs
should monitor the quality of visits to assure funders of
adequate performance. Health-care providers should refer
patients with uncontrolled asthma to home visit programs,
where available. Overcoming these barriers will not be easy
given the orientation of our health system toward high-tech,
biomedical, and profit-generating disease control strategies.
Home visits cannot be patented and are high-touch. How-
ever, health-care reform does include support for CHWs and
for health education, making the future a bit brighter.

Important questions regarding home visits remain un-
answered regarding the relative merits of different types of
home visitors (programs have employed various types of
visitors, such as CHWs, sanitarians, nurses, and doctors,57

with current evidence showing no difference in out-

comes53,55,58), the most cost-effective intensity and duration
of the intervention, the possibility of substituting telephone
contact for some of the follow-up visits, the durability of
intervention effect, and the role of home visits in higher-
income and more privileged populations generally not in-
cluded in existing studies. Further research to address these
issues is warranted.

It is reasonable to offer home visits that address the full
spectrum of asthma self-management, going beyond trig-
ger reduction to include proper use of medications, self-
monitoring, use of action plans to reverse worsening control,
and effective use of the health-care system. Such holistic
visits are likely to be more effective than those that focus
solely on the home environment and are more acceptable to
caregivers who seek a more complete approach to control-
ling asthma. Our later projects have emphasized an in-
tegrated approach to home-based asthma support that
includes all these elements.54

The evidence for remediation and construction, while
promising, is less substantial. Further investigation is nee-
ded to establish the cost-effectiveness of improving housing,
at least from the narrow perspective of asthma-related out-
comes. However, living in unhealthy housing has many
additional risks beyond asthma and living in healthy hous-
ing yields benefits beyond decreased asthma morbidity.90–92

Exposure to hazards in homes such as lead, secondhand
smoke, asbestos, radon, volatile organic compounds,
crowding, tripping hazards, and excess heat and cold is
linked to many adverse health outcomes, including lung
cancer, injuries, poor mental health, and neurodevelop-
mental disorders. Therefore, broad strategies to improve
housing quality are needed, such as implementation of
healthy housing guidelines for new and existing construc-
tion, enhancement of housing codes to include elements that
promote the health of occupants, increased enforcement of
housing codes, policies that assure smoke-free multi-unit
homes, and market-based strategies that incentivize con-
struction of healthy housing.

FIG. 1. High-Point Breathe Easy Home.
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In conclusion, effective control of asthma requires elimi-
nating triggers from the home. We have the knowledge to do
so. We now must put this knowledge into practice, and
thereby help millions of children with asthma live healthier
lives.
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