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Context: Asthma exacerbations are commonly triggered by exposure to allergens and irritants within
thehome.Thepurposeof this reviewwas toevaluate evidence that interventions that target reducing these
triggers through home visits may be benef�cial in improving asthma outcomes. The interventions involve
home visits by trained personnel to conduct two or more components that address asthma triggers in the
home. Intervention components focus on reducing exposures to a range of asthma triggers (allergens and
irritants) through environmental assessment, education, and remediation.

Evidence acquisition: Using methods previously developed for the Guide to Community
Preventive Services, a systematic review was conducted to evaluate the evidence on effectiveness
of home-based, multi-trigger, multicomponent interventions with an environmental focus to
improve asthma-related morbidity outcomes. The literature search identif�ed over 10,800 cita-
tions. Of these, 23 studies met intervention and quality criteria for inclusion in the f�nal analysis.

Evidence synthesis: In the 20 studies targeting children and adolescents, the number of days with
asthma symptoms (symptom-days) was reduced by 0.8 days per 2 weeks, which is equivalent to 21.0
symptom-days per year (range of values: reduction of 0.6 to 2.3 days per year); school days missed
were reduced by 12.3 days per year (range of values: reduction of 3.4 to 31.2 days per year); and the
number of asthma acute care visits were reduced by 0.57 visits per year (interquartile interval:
reduction of 0.33 to 1.71 visits per year). Only three studies reported outcomes among adults with
asthma, f�nding inconsistent results.

Conclusions: Home-based, multi-trigger, multicomponent interventions with an environmental
focus are effective in improving overall quality of life and productivity in children and adolescents
with asthma. The effectiveness of these interventions in adults is inconclusive due to the small
number of studies and inconsistent results. Additional studies are needed to (1) evaluate the
effectiveness of these interventions in adults and (2) determine the individual contributions of the
various intervention components.
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Context

A sthma is a common chronic respiratory disease
and a major source of morbidity in the U.S. It
affects more than 20 million Americans and can

ubstantially reduce quality of life, and its prevalence has
ore than doubled since 1980.1 Asthma is also a major

cause of hospital use, resulting in approximately 500,000
hospitalizations, 1.8 million emergency department vis-
its, and 12.3 million physician off�ce visits annually.1

Asthma further results in very high direct and indirect
costs, with over $32.7 billion in healthcare costs spent
annually when adjusted to 2007 U.S. dollars.2 In 2001
asthma was ranked the 25th leading cause of disability-
adjusted life-years (DALYs) lost worldwide, with an esti-
mated 15 million DALYs lost.3 Finally, asthma is a lead-
ng cause of school absences for U.S. children, with an
stimated 12.8 million school days missed for the year
003.4

Relationship Between the Home Environment
and Asthma
The home environment is inextricably linked with the
health of its occupants. This is especially true for diseases
such as asthma. Numerous studies conf�rm that sensiti-
zation among genetically susceptible populations to cer-
tain indoor allergens such as house dust mite, animal
dander, and cockroach is a risk for developing asthma in
children.5�11 Studies have shown that poor housing qual-
ity is strongly associated with poor asthma control even
after controlling for potentially confounding factors such
as income, smoking, overcrowding, and unemploy-
ment.12 To treat asthma properly, conditions in the home
environment must be addressed.13�15

Exposure to allergens and irritants within the home
environment can trigger or exacerbate episodes of
asthma.5,6 Moisture from leaky plumbing, high humidity,
nd cracks in floors and walls can contribute to mold
rowth; provide water for cockroaches, mice, and dust
ites; and provide avenues through which cockroaches

nd mice can enter the home.

Common Asthma Triggers and Strategies to
Reduce Triggers
The most common asthma triggers within the home in-
clude allergens from house dust mites, pets, cockroaches,
rodents, and mold as well as irritants such as environ-
mental tobacco smoke (ETS) and indoor air pollutants.6,7

Reducing these asthma triggers in the home can be ac-
complished through multiple strategies, such as environ-
mental remediation to f�x physical problems within the
home and environmental education to address behaviors

such as smoking and failing to seal food. Briefly, the s
existing evidence for individual strategies to reduce the
most common asthma triggers is as follows:

Dust mites. The house dust mite is one of the most
commonly implicated asthma triggers.10,11,16,17 The link
between house dust mites and asthma symptoms has
been well established. Numerous well-designed studies
have demonstrated that asthma symptoms, pulmonary
function, and need for medication in dust mite�sensitive
asthma patients correlate with the level of exposure to
house dust mite.9�11,16,17 There is conflicting evidence as
o whether reducing exposure to house dust mite alone
an improve asthma symptoms and reduce medication
sage.18�20 This asthma trigger can be removed by using
llergen-impermeable pillow and mattress covers, wash-
ng bedding in hot water �130°F, removing old carpet,
educing home humidity to �60%, and washing stuffed
nimals weekly.8,14,21,22

Pets. Pet allergens, particularly dog and cat, are well-
recognized asthma triggers in sensitized individuals.23�25

A prospective controlled study of 554 HMO members
with asthma found those with a dog in the home who
were sensitized to dog allergen had a 49% increase in the
risk of needing acute asthma care each year even after
adjusting for other risk factors.26 Removing pets from the
home is the most effective method to reduce exposure to
pet dander in sensitized patients.27 Alternately, keeping
pets out of bedrooms can reduce airborne pet dander
allergen levels f�vefold.28

Cockroaches. Cockroach allergen is a common cause
of asthma exacerbations in urban environments. In the
National Cooperative Inner-City Asthma Study (NCI-
CAS), children sensitized and exposed to high levels of
cockroach allergen showed increasing asthma severity as
the level of cockroach allergen exposure increased.29 Al-
though hard to eliminate, cockroach allergen can be re-
duced using �integrated pest management� strategies.
These include teaching residents to remove food and
water sources, clean surfaces and floors, seal trash con-
tainers, store food carefully, use gel baits to exterminate
roaches, and seal cracks and small holes in the residence
to keep roaches out.30

Mice and rats. Mouse and rat allergen exposure is com-
mon in inner-city homes. In the NCICAS study, 95% of
the 608 homes tested had detectable mouse allergen in at
least one room of the home, with highest levels in the
kitchen.31 However, the link between mouse allergen ex-
osure and asthma symptoms is not as clear.32 Integrated
est management techniques can also help reduce mouse
nd rat allergen. These include f�lling holes, vacuuming,
leaning, using low-toxicity pesticide, placing traps, and

toring food carefully.33
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Mold. There is a strong link between asthma and mold.
The IOM�s �Report on Damp Indoor Spaces� found suf-
f�cient evidence of an association between mold and
asthma symptoms in sensitized individuals.34 A subse-
uent analysis estimated that exposure to dampness and
old account for 21% of current asthma in the U.S.35

Mold-sensitive people can be protected by removing
mold from hard, nonporous surfaces; discarding mold-
contaminated materials (e.g., carpet, ceiling tiles); and
addressing the source(s) of moisture responsible for mold
growth.34

Environmental tobacco smoke. Environmental to-
bacco smoke (ETS) has been linked to increased risk of
developing asthma36,37 as well as increased severity and
requency of exacerbations in children with asthma.38,39

Interventions to reduce ETS exposure focus on counsel-
ing/treatments to encourage smoking cessation, and air-
f�ltration methods to reduce the presence of tobacco
smoke in the air.13 Smoking-cessation interventions di-
rected toward parents of children with asthma have
shown some success in reducing parental smoking and
reducing the number of cigarettes smoked in the
home.40,41

Current asthma guidelines emphasize smoking-
cessation counseling as part of treatment for smokers
with asthma, or smokers with children who have
asthma.14 Complete smoking bans in the home have been
shown to have a small but noteworthy reduction in ETS
exposure in caregivers who are unwilling to stop smok-
ing.42,43 Although studies have found that air f�lters and
entilation can reduce the indoor concentration of ETS
articles in the air,44 overall there is little research on the

eff�cacy of air f�lters and ventilation in improving asthma
outcomes.13

Indoor pollutants. Although often a trigger for asthma
exacerbations, indoor pollutants are rarely the focus of
home environmental interventions. Such pollutants in-
clude, but are not limited to nitrogen dioxide, particulate
matter (resulting from biomass combustion products),
and bacterial endotoxins.45�47 Use of gas stoves and

ood-burning appliances or f�replaces have been associ-
ted with increased wheezing in schoolchildren and
sthma exacerbations.48,49 However, data from a recent

meta-analysis did not f�nd any association between the
use of solid biomass fuels and asthma in children or
women.50

More comprehensive lists of indoor asthma triggers
and recommendations to remove asthma triggers from
the indoor environment are provided in the 2007 Na-
tional Asthma Education and Prevention Program Ex-
pert Panel Report 3, Section 314 at www.nhlbi.nih.gov/

guidelines/asthma/06_sec3_comp3.pdf (pdf p. 24, Figure h

ugust 2011
3-20) , and the Environmental Protection Agency (EPA)
list of publications and resources.44,51,52

In summary, a variety of triggers in the home can
worsen asthma symptoms. Although several studies doc-
ument effectiveness of interventions aimed at single
asthma triggers in reducing allergen levels,33,53,54 other
ecent studies suggest that single-component interven-
ions or those that address a single asthma trigger may not
e as effective as interventions that address multiple trig-
ers using multiple intervention components.14,55,56

Focus for This Review
For several reasons, the systematic review develop-
ment team (see Methods), with the approval of the
Task Force on Community Preventive Services (Task
Force), decided to evaluate the effectiveness of home-
based environmental interventions for improving
asthma morbidity outcomes. The main research ques-
tion was, �Do multi-trigger, multicomponent, home-
based environmental interventions improve asthma
morbidity?�

First, this review focused on approaches addressing
multiple asthma triggers, which are more likely to be
effective at a population level because more than half of
individuals with asthma are sensitive to multiple aller-
gens.57�59 Second, there is evidence that using multiple
approaches to address environmental triggers, specif�-
cally approaches that use both education and remedia-
tion, could be more effective than interventions that use
either alone.60,61 Third, because of limitations in trans-
ortation, money, and time, traditional asthma education
rograms set in clinic or school settings often have diff�-
ulty attracting and retaining participants.62

This review focused on environmental interventions
conducted primarily in the home setting, which may
address many of the limitations found in other settings.
In these interventions, home visitors educate participants
in a familiar setting that requires no travel or time away
from work, which may increase participation and re-
tention. In addition, after visually assessing home en-
vironmental conditions, a trained home visitor can
provide a more accurate assessment of asthma triggers
in the home than could a survey completed by home
residents and administered in a clinic setting. Ideally
and most importantly, home visitors attempt to build
trusting relationships with clients, thereby enhancing
the visitors� effectiveness in motivating behavioral
changes.62 These qualities suggest that home-based
nvironmental interventions for asthma are distinct
rom and may be more effective than traditional clinic-
ased asthma programs.
Although environmental interventions for asthma
ave been evaluated in several publications, there has

http://www.nhlbi.nih.gov/guidelines/asthma/06_sec3_comp3.pdf
http://www.nhlbi.nih.gov/guidelines/asthma/06_sec3_comp3.pdf
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been no recent systematic review of the literature that
focuses primarily on home-based environmental inter-
ventions for children and adults with asthma. Most of the
literature on home-based, multi-trigger, multicompo-
nent interventions with an environmental focus has been
published in the last 4 years. Therefore, a comprehensive,
up-to-date systematic review was needed to compile and
summarize the evidence on effectiveness of these inter-
ventions in improving asthma morbidity.

Clinical Basis for This Review
The National Asthma Education and Prevention Pro-
gram (NAEPP) Expert Panel Report 3, �Guidelines for
the Diagnosis and Management of Asthma,�14 forms the
clinical basis for this systematic review. This report,
the most widely used clinical practice guidelines for
asthma in the U.S., outlines evidence-based guidelines for
the treatment of asthma, including pharmaceutic man-
agement, educational activities, and environmental con-
trols. This review examines interventions highlighted in
the NAEPP guidelines that have been found to be effec-
tive in clinical practice at a population level.

Intervention Description
To be considered for inclusion in this review of home-
based, multi-trigger, and multicomponent interventions
with an environmental component (hereafter referred to
as �home-based environmental interventions�), inter-
ventions had to: include at least one home visit; target
more than one asthma trigger; and include more than one
intervention component, at least one of which is an envi-
ronmental component. Other accepted standard prac-
tices for asthma treatment identif�ed in several of the
included studies (e.g., general asthma education, self-
management education, social services, or coordinated
care) were not required components of the intervention.
The intervention characteristics and components, along
with def�nitions for each, are listed in Table 1.

Composition of Multi-Trigger,
Multicomponent, Home-Based
Environmental Interventions
Home-based environmental interventions can vary con-
siderably in cost, time, and effort. Some interventions
provide more intense environmental remediation and
have a smaller education component, whereas other in-
terventions may provide less remediation and focus more
on environmental and self-management education.

In the asthma f�eld, the term �remediation� has typi-
cally been used to indicate structural changes in the home
to reduce environmental triggers; in contrast, a variety of
terms has been used to describe nonstructural changes.

For the purposes of this review, any changes in the
home�structural or nonstructural�designed to reduce
asthma triggers were def�ned as remediation. Nonstruc-
tural changes to the home were classif�ed as either minor
or moderate remediation. Providing low-cost items, such
as an allergen-impermeable cover, to reduce asthma trig-
gers constituted minor remediation. The active involve-
ment of a home visitor and the provision of multiple low-

Table 1. Intervention characteristics and components of
home-based, multi-trigger, multicomponent interventions
with an environmental focus to reduce asthma
morbiditya

Intervention
characteristics Definition

Home visit Some effort to change the home
environment

Assess
Remediate
Educate

Conducted by someone with training or
experience

Community health workers
Pest control professionals
Clinicians or healthcare providers

Multi-trigger Activities that reduce exposure to two or
more environmental triggers that
exacerbate asthma

Multicomponent More than one of the seven identified
intervention components, including
at least one component directed
toward home environment

Intervention
components

Environmental
assessment

In-home written assessment of
environmental triggers

Environmental
remediation

Actions conducted or financed to reduce
triggers in the home

Environmental
education

Patient education regarding actions to
reduce triggers in the home

Self-
management
education

Patient education on monitoring
symptoms and taking action to
modify treatment

Asthma
education

General education on asthma without a
self-management education
component

Social services Services to improve access to medical
care or to advocate for
environmental remediation

Coordinated
care

Services to improve coordination of care
between healthcare providers and
home health workers

aAt least one environmental component is necessary for each of
these interventions. The three environmental components are envi-
ronmental assessment (EA), and environmental remediation (ER),
and environmental education (EE).
or moderate-cost materials to reduce triggers, such as in

www.ajpmonline.org
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integrated pest management constituted moderate reme-
diation. Any substantial structural changes to the home
constituted major remediation. (Full def�nitions of major,
moderate, and minor environmental remediation are
provided in Appendix A.)

Education efforts varied in type and intensity. Some
education-oriented interventions focused primarily on
education to reduce environmental triggers (environ-
mental education), whereas others placed more emphasis
on asthma self-management education. The education
component could also vary in intensity depending on the
number of home visits, the amount and breadth of edu-
cation given at each home visit, and the training of the
home visitor. Some interventions used multiple detailed
modules over several home visits to teach clients trigger-
reduction and asthma-management behaviors, whereas
other interventions provided less-detailed education over
one or two home visits. The home visitors could be med-
ical professionals, such as physicians, nurses, social work-
ers, and respiratory therapists, or people from within the
community where the intervention was conducted (com-
munity health workers [CHWs]). Most of the CHWs
were not medical professionals but were given specialized
training to conduct home environmental assessments
and to provide environmental and self-management
education.

One of the challenges of characterizing home-based
environmental interventions is that various terminol-
ogies are used in the literature to describe the aspects of
this intervention here termed �multi-trigger� and
�multicomponent.� These aspects are most often
lumped under the terms �multifaceted� or �compre-
hensive,� which are often not specif�cally def�ned.14,57

The term �multifaceted� has been used to describe
interventions directed toward more than one asthma
trigger or interventions with more than one compo-
nent. In this review, to highlight the importance of
considering both multiple triggers and components,
the choice was made to use the more-specif�c terms
�multi-trigger� and �multicomponent.� For additional
information about terms and def�nitions used in this
article, please refer to the Glossary (Appendix A).

Evidence Acquisition
The general methods used to conduct systematic reviews
for the Community Guide are described in detail else-
where.63,64 The methods for conducting this specif�c re-
view, including forming a systematic review development
team (review team), creating a conceptual approach, de-
veloping a search strategy, selecting intervention criteria,

conducting abstraction and evaluation of studies, making

ugust 2011
outcome determinations, and def�ning the intervention
are presented below.

The Systematic Review Development Team
The review team included three subgroups:

� the coordination team, which drafted the analytic
framework for reviews; managed the data collection
and review process; and drafted evidence tables, sum-
maries of evidence, and reports;

� the consultation team, which reviewed and com-
mented on materials developed by the coordination
team and set priorities for this review;

� the abstraction team, which collected and recorded
data from studies for possible inclusion in the system-
atic review.
The names and aff�liations of team members are pre-

sented in Appendix B.

Conceptual Approach
The analytic framework (Figure 1) shows the conceptual
approach that guided the review process. This f�gure por-
trays the relationships among people with asthma, their
households, and conditions in the physical environment,
and shows the pathways along which an intervention is
hypothesized to work to improve asthma outcomes. The
framework indicates that home-based, multi-trigger,
multicomponent interventions with an environmental
focus are thought to reduce asthma morbidity through
two different but intersecting pathways. One pathway
runs through environmental assessment and remedia-
tion to change the physical environment (in this case the
home). The second pathway runs through education in-
tended to change behavior of people with asthma and
their household members.

Along the environmental pathway, interventions that
incorporate environmental assessment and remediation
target characteristics of the physical environment and
lead to reduced levels of asthma triggers in the home.
Along the education pathway, interventions that incor-
porate environmental education, self-management edu-
cation, or general asthma education, target all members
of the household.

These efforts are intended to improve asthma
knowledge, attitudes, and skills of household mem-
bers, which should translate into improved asthma
management behaviors. These asthma-management
behaviors (AMBs) include more frequent use of
asthma controller medications, better recognition of
asthma symptoms, and use of peak flow meters.14

AMBs could also include reducing asthma triggers by
using integrated pest management to decrease both the

number of insect and rodent pests65 and by washing
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bedding in hot water to reduce dust mites. As depicted
in Figure 1, the education pathway feeds back into the
environmental pathway by educating about behaviors
to reduce asthma triggers (trigger-reduction behaviors
or TRBs).

Both of these pathways are thought to result in im-
proved asthma control, as measured by outcomes includ-
ing reduced use of rescue medications and reduced
asthma exacerbations.14 Improved asthma control has
een shown ultimately to result in improvements in
ownstream outcomes of asthma morbidity such as de-
reased healthcare use (fewer hospitalizations, emer-
ency department visits, and unscheduled off�ce visits),
mproved productivity (fewer school or work days missed
nd improved academic performance or work productiv-
ty), improved quality of life (fewer symptom-days, fewer
ctivity limitations, and improved quality-of-life [QOL]
cores), and improved physiologic measures (better pul-
onary function test scores and changes in immune

Figure 1. Analytic framework that guided the systematic r
ED, emergency department; ETS, environmental tobacco smoke; Qo
esponse).
Search for Evidence
Study inclusion criteria. To be included in this review,
a study had to meet the following criteria: (1) represent
primary research published in a peer-reviewed journal,
technical report, or government report, or unpublished
research between January 1966 and February 2008; (2)
meet Community Guide minimum research quality stan-
dards for study design and execution; (3) evaluate inter-
ventions with at least one home visit; (4) focus on reduc-
ing multiple environmental asthma triggers in the home;
(5) include more than one intervention component; and
(6) evaluate at least one health outcome. Studies that
evaluated primary prevention of asthma or occupational
asthma were excluded because those topics were beyond
the scope of this review.

Search strategy. The literature search consisted of a
systematic search of multiple databases, reviews of bibli-
ographic reference lists, and consultations with experts in

w process
ality of life
evie
the f�eld who were part of the review team (Appendix B).

www.ajpmonline.org
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The following electronic databases were searched:
MEDLINE, EMBASE, ERIC, PsycINFO, Web of Science,
Cochrane Library, Sociological Abstracts, and CINAHL.
Only English language articles were included in the
search. The initial literature search on the topic was con-
ducted in July 2007, and a second search was conducted
in February 2008.

Abstraction and Evaluation of Studies
Each study that met the inclusion criteria was evaluated
for suitability of study design and study execution by two
independent abstractors using the standardized Commu-
nity Guide abstraction form.63 Differences in ratings be-
tween the abstractors were resolved by consensus of the
entire abstraction team. The suitability of each study de-
sign was rated as �greatest,� �moderate,� or �least,� de-
pending on the degree to which the design protected
against threats to validity. The execution of each study
was rated as �good,� �fair,� or �limited,� based on several
predetermined factors that could potentially limit a
study�s utility for assessing effectiveness. Only those stud-
ies in which quality of execution was rated as �good� or
�fair� were included in the review. From the data in those
included (or qualifying) studies, the team calculated ef-
fect sizes for study outcomes whenever suff�cient infor-
mation was available to do so. The team considered non-
qualifying studies as sources of relevant background
information to help conceptualize the review and to pro-
vide information on potential barriers to implementation
and other benef�ts or harms. The nonqualifying studies,
however, were not included in analyses.

Outcomes evaluated: primary outcomes. The pri-
mary outcomes evaluated in this review were quality of
life (symptom-days, QOL scores); healthcare utilization
(hospitalizations, emergency department visits, and un-
scheduled off�ce visits); productivity (school or work days
missed); and physiologic outcomes (changes in pulmo-
nary function). All primary outcomes were analyzed for
the client with asthma. The studies in this review mea-
sured these outcomes using a variety of effect measures
for each outcome category. The team attempted to
consolidate and compare outcomes when appropriate.
The outcome categories and associated effect measures
for each outcome are listed in Table 2.

Outcomes evaluated: additional outcomes. Besides
the four primary outcomes noted above, many studies
reported additional important outcomes, such as changes
in indicators of asthma triggers (e.g., allergen levels, coti-
nine levels), behaviors to manage asthma (e.g., asthma
self-management skills, use of preventive medication),
TRBs (e.g., washing bedding, sealing food), and asthma

control (e.g., reducing the number of asthma exacerba-

ugust 2011
tions, needing less rescue medication). Most of these ad-
ditional outcomes listed above were reported using het-
erogeneous measures, which were not comparable;
therefore, the effectiveness was reported by summarizing
the number of studies in which intervention groups
showed improvement compared to baseline and to the
comparison group. The one exception is ETS exposure,
which had enough comparable measures to allow quan-
titative summary.

Summary Effect Estimates
Community Guide systematic reviews consider data from
all available studies of suff�cient quality that compare
outcomes in a group exposed to an intervention with
outcomes in a group either concurrently or historically
unexposed (or less exposed) to the intervention.63,64

Consistent with the practices of many groups that focus
on population-based or public health interventions,66

this approach is broadly inclusive of a range of study
designs. Studies with least-suitable study designs were
included in the current analyses because they did provide
useful information. The team recognized, however, that
studies of least suitable study design could overestimate
effects because of the lack of a comparison group, so
differences in study design were considered when inter-
preting results across the body of evidence. A more de-
tailed explanation of the methods used for this systematic
review is presented in Appendix C.

The outcomes of interest in each study were generally
ascertained from record reviews, client self-reports, or
objective measures. Self-report data included dichoto-
mous reports over a given time period or Likert-scale
measures that reflected the frequency of the outcome.
Intervention effectiveness was evaluated by assessing
before�after changes in relevant outcomes in the inter-
vention group and adjusting for concurrent changes in
the comparison group when one was available. To facili-
tate comparison across studies, estimated intervention
effects were expressed in common units that were appro-
priate to each outcome of interest.63,64 Effect estimates
for continuous data (e.g., symptom-free days, hospital
visits) were expressed either as group mean differences or
relative percentage changes (%), and those for dichoto-
mous data (e.g., proportion of children with asthma
symptoms) were expressed as absolute percentage point
changes. Medians with interquartile intervals (IQI) were
used as summary effect measures except when the sample
size was less than 7 studies, in which case a range of values
was provided. Studies with results that could not be con-
verted to mean differences, percentage point changes, or
relative percentage changes could not be included in the

summary effect measures. These results were reported
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separately, however, to reflect the complete evidence base
and to assess consistency across all studies.

Evidence Synthesis
The search identif�ed 32 studies or study arms (here-
after collectively referred to as �studies�)30,57,67�96

evaluating the effectiveness of home-based, multi-
trigger, multicomponent interventions. Twenty-three
studies57,68 �72,74,75,78 � 82,85�94 met the quality criteria
for inclusion in this review. The other nine studies
were excluded due to limited quality of execution.
Details of the 23 qualifying studies are provided on the
Community Guide website at www.thecommunityguide.
org/asthma/supportingmaterials/SET_multicomponent.pdf.
Appendix D provides a summary of the characteristics of
each study evaluated. Twenty-nine papers12,97�124 pro-

Table 2. Systematic review outcomes and associated me

Outcome of interest Outcome categories

Quality of life Symptom-days

Quality-of-life or symptom score

Healthcare utilization Hospitalizations (H)

Emergency department visits (ED)

Unscheduled office visits (UO)

Combined acute care visits

Productivity School days missed

Physiologic outcomes FEV1, FVC, FEV1/FVC, VC

Asthma trigger
indicators

Allergen levels, cotinine levels

Asthma-
management
behaviors

Use of controller medications, use of
asthma action plans

TRBs Washing sheets in hot water, eliminatin
or reducing smoking behaviors, use o
integrated pest management
strategies

Asthma control Asthma exacerbations, use of rescue
medications, use of oral
corticosteroids

FEV1, forced expiratory volume in 1 second; FVC, forced vital capac
ided additional information on the qualifying studies. T
Study and Intervention Characteristics
The 23 qualifying studies that evaluated the home-based,
multi-trigger, multicomponent interventions used a va-
riety of research designs, of varying quality of execution
(Table 3).

The number of participants in the studies ranged from
18 to 1033, with a median number of 104 participants
(interquartile interval [IQI]: 64�274). Follow-up periods
ranged from 1 month to 48 months, with a median
follow-up period of 12 months (IQI: 12�18 months).
Attrition (drop-out) rates were obtained for 21 of the 23
studies57,68�72,75,78�82,85�88,90�94 and ranged from 0% to
78% at the follow-up time used for the current analysis
(6�15 months). The study85 with a 78% attrition rate is a
east-suitability study and stated that the high attrition
as due primarily to participants moving from the area.

es

Effect measure

ean difference in number of symptom-days/year
bsolute percentage change in children with �1 symptom-day
per time period

elative percentage change in quality-of-life or symptom score

ean difference in number of visits

ean difference in number of visits

ean difference in number of visits

ean difference in number of visits combined (H � ED � UO)
ercentage of participants with �1 visit

ean number of days
ercentage of children with �1 school day missed per year

predicted FEV1 or FEV 0.5
iters/minute FEV1 or FEV 0.5
predicted peak flow

iters/minute peak flow

ercentage change trigger level
ean change in trigger concentration

ercentage change in participants using controller
medications

ercentage change in participants using controller
medications daily
ean number of days of controller use
ean dose of controller medication

ercentage change in people conducting TRBs
bsolute number of people conducting TRBs
R of conducting more TRBs

ercentage change in asthma exacerbations
bsolute number of asthma exacerbations
ean amount of controller medication
bsolute number of oral corticosteroid regimens
ean British Thoracic Society step score
ercentage of participants in asthma severity categories

RB, trigger-reduction behavior; VC, vital capacity
asur
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he overall median attrition rate was 18% (IQI: 6.5%�

www.ajpmonline.org

http://www.thecommunityguide.org/asthma/supportingmaterials/SET_multicomponent.pdf
http://www.thecommunityguide.org/asthma/supportingmaterials/SET_multicomponent.pdf


s
o
t
s
2
(
t
m
e
t

a
c
t
b
t
t
o
m
v
n
p
h
(

a
a
p
r
m
s
s

p
t
t

Crocker et al / Am J Prev Med 2011;41(2S1):S5�S32 S13

A

28%) for the 21 studies. Twelve studies
57,68�70,75,78,80,81,86,88,91,109

provided information on attrition rates for both interven-
tion and comparison groups. The intervention group had
a median attrition rate of 16% (IQI: 7%�19.8%), and the
comparison group had an attrition rate of 14% (IQI:
9%�24%).

The content and components of the intervention var-
ied considerably among the studies reviewed, and are
listed in detail in Appendix D. In summary, 21 of the 23
tudies (91%) conducted an environmental assessment;
f these, 17 (74%) also included environmental remedia-
ion activities (minor [three studies; 18%], moderate [ten
tudies; 59%], or major [four studies; 23%]). Another
1 studies (91%) also included some form of education
six studies [29%] included education without remedia-
ion). Education focus ranged from primarily environ-
ental education to primarily asthma self-management

ducation, including monitoring asthma symptoms and
he use of asthma management plans.

Most studies focused equally on both environmental
nd self-management education. Two studies (9%) fo-
used only on remediation and did not have an educa-
ional component. Of the 23 studies, 14 were tailored
ased on exposure to asthma triggers in the home; of
hese, seven also included specif�c allergen sensitivities in
ailoring the intervention. Number of home visits was
ne (three studies), two to seven (15 studies), and eight or
ore than eight (f�ve studies). In the 23 studies, home

isits were made exclusively by CHWs (six studies),
urses (f�ve studies), respiratory therapists (two studies),
hysicians (two studies), social workers (one study),
ousing off�cers (one study), environmental educators

Table 3. Design and quality of studies included in system
interventions to reduce asthma morbidity

Quality of execution

Suitability o

Greatest; n � 14

Good (0–1
limitations)

Individual RCT
Morgan 200457

Fair (2–4 limitations) Group RCT
Barton 200768

Individual RCTs
Brown 2006,69 Carter 2001,70

Eggleston 2005,71 Evans 1999
Hughes 1991,75 Kercsmar
2006,78 Klinnert 2005,79 Krieg
2005,80 Krieger 2008,81 Parke
2007,88 Smith 200591

Before-and-after, concurrent
comparison group
Nishioka 200686

Limited (�5
limitations)

—

one study), and trained sanitarians (one study). In four p

ugust 2011
of the studies, mixed teams of CHWs and nurses (two
studies), social worker, nurse, and respiratory therapist
(one study), and research assistant and pest control pro-
fessional (one study) conducted the home visits. In 22 of
the studies, information on asthma severity was included,
and the results are indicated in Appendix D. Finally, 20 of
the studies evaluated interventions targeting homes in
which only children or adolescents had asthma; one study
exclusively targeted adults; and two studies targeted chil-
dren and adults (results of these last two studies were
included both in the child and adult analyses).

Outcomes in Children and Adolescents
Outcomes related to quality of life. Sixteen stud-
ies57,68,71,72,74,78�82,85,87�89,92,94 measured changes in
quality of life among children or adolescents with asthma.
These studies showed overall improvements in the number
of asthma symptom-days, the proportion of children or
adolescents with asthma symptoms, and in scores from
symptom or QOL surveys. Six studies57,72,78,80,81,94 evalu-
ted changes in the number of symptom-days and showed
n overall median reduction of 0.8 symptom-days/2-week
eriod (range of values: 0.6 to 2.3 symptom-days/2-weeks
eduction)or21.0 fewer symptom-days/year (Figure2).The
edian reduction in symptom-days/2-week period was 0.7

ymptom-days in the subset of controlled trials and 2.3
ymptom-days in the subset of uncontrolled studies.

Four studies71,82,85,109 evaluated changes in the pro-
ortion of children or adolescents with any asthma symp-
oms on follow-up and found a median absolute reduc-
ion of 15.4 percentage points (range of values: 1.7

review of home-based, multi-trigger, multicomponent

dy design; N � 23 qualifying studies

Moderate Least; n � 9

— —

— Before-and-after, no concurrent
comparison
Levy 2006,82 Nicholas 2005,85

Primomo 2006,89 Shelledy 2005,90

Somerville 2000,92 Stout 1998,93

Thyne 2006,94 Hasan 2003,74

Oatman 200787

— —
atic

f stu

,72

er
r

ercentage point increase to 36.0 percentage point de-
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crease). There was a
median absolute re-
duction of 5.2 per-
centage points in the
proportion of partici-
pants with asthma
symptoms in the sub-
set of controlled trials
and a 27.4 percentage
point median absolute
reduction in the pro-
portion of partici-
pants with asthma
symptoms for uncon-
trolled trials (Figure
3).

There was a median
relative improvement
of 16.5% (IQI: 1.8% to
25% improvement) in
symptom or QOL
scores from the nine
studies68,71,79�82,87,89,92 that measured this outcome. The
improvement in QOL scores was much smaller in the
subset of controlled trials (3%) than in the subset of
uncontrolled studies (25%) (Figure 4).

An examination was also made of the subset of studies that
specif�cally used the Juniper Quality of Life Score (six studies:
fourcontrolled trials andtwouncontrolled trials) tohelpdeter-
mine clinical signif�cance of improvements in quality of life.
TheJuniperQualityofLife(QOL)scoreisavalidatedquestion-
naire that measures symp-
toms, activity limitation,
andemotional functionona
7-point scale and has been
showntocorrelatewithclin-
ical symptoms.125 An in-
rease of 0.5 pts or more is
onsidered clinically signif�-
ant. The overall median
mprovement in the Juniper
OL score using all of the

tudies was 0.4 pts (range of
alues: 0.02 pts to 1.41 pts),
hich is not considered
linically signif�cant. The
edianimprovement inthe

ontrolled studies was 0.13
ts (range of values: 0.02 pts
o0.6pts) and1.1pts (range
f values: 0.8 pts to 1.41 pts)
n the uncontrolled studies

Figure 2. Quality of life: mea
Note: Gray box represents interqua
be calculated.

Figure 3. Quality of life: pe
Note: Gray box represents inter
could be calculated.
Figure 5). pct pts, percentage points
Several studies measured QOL outcomes using mea-
ures different from those reported above and were
hus analyzed separately. One study88 measured indi-

vidual instead of combined symptom scores and found
improvement in two of six scores. Several studies mea-
sured quality of life using days of limitation on activity,
with inconsistent results. One study74 found a reduc-
ion of 22.0 percentage points in the proportion of
hildren or adolescents with 8 or more days in which
ctivity was limited per year (p�0.001). Another

mptom-days
nterval or range; CIs were added to graph if reported in study or could

tage of children with symptom-days
ile interval or range; CIs were added to graph if reported in study or
n sy
rcen
quart
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study71 found a reduction of 7.7 percentage points in
he proportion of children with 1 or more days of
ctivity limitation between the intervention and con-
rol group, which was not signif�cant.

A study by Krieger et al. in 200580 found a signif�cant
reduction in the number of days with activity limitation
between the intervention and the control group. A later
study by the same author81 found a signif�cant reduction
n days of activity limitation from baseline in the interven-

Figure 4. Quality of life: relative % change in symptom/qu
Note: Gray box represents IQI or range; CIs were added to graph if rep
IQI, interquartile interval

Figure 5. Quality of life: Juniper quality-of-life score
Note: Gray box represents interquartile interval or range; CIs were ad
could be calculated.

pct pts, percentage points; pts, points

ugust 2011
tiongroupbutnotbetween
the intervention and the
control group. Another
study57 reported a signif�-
cant reduction in the num-
ber of days when the child
had to slow down or stop
play because of asthma in
the intervention group
compared to the control
group, whereas a later
study85 found no improve-
ment for this outcome. An-
other study82 found a re-
duction of 38.0 percentage
points in the proportion of
children who had to slow
down or stop activities be-
cause of asthma.

Outcomes related to
productivity. Ten studies57,69,74,75,80,81,85,87,90,92 mea-
sured productivity outcomes in children or adolescents
and showed a decrease in the number of school days
missed. Six studies74,75,80,81,85, 92 specif�cally mentioned
hat school days missed were due to asthma. Four stud-
es57,69 ,87,90 did not say whether school days missed were due
oasthmaorothercauses.Fivestudies57,75,87,90,92measuredthe
mean number of school days missed (Figure 6) and showed a
medianabsolutereductionof12.3schooldaysmissedper year

(range of values: 3.4 to
31.2 reduction in school
days missed). The me-
dian absolute reduction
in school days missed was
6.5 days for controlled trials
versus 18.2 days for un-
controlled trials. Three
studies80,81,85 measured
changes in the proportion
of children or adolescents
who missed 1 or more
days of school and ob-
served a median absolute
reduction of 10.8 per-
centage points (range of
values: 1.2 to 16.2 per-
centage point reduction).
The reduction in the pro-
portion of children miss-
ing school was 6 percent-
age points for controlled

-of-life score
in study or could be calculated.

to graph if reported in study or
ality
orted
ded
trials and 16.2 percentage



points for uncontrolled
trials (Figure 7).

Two studies measured
productivity outcomes dif-
ferent from those reported
above and thus could not
be included in the produc-
tivityanalysis; these studies
found inconsistent effects.
One study69 combined
both work and school days
missed as a measure of
productivity and found a
3% increase in the number
of children, adolescents, or
adults missing at least 1
day of work or school per
year but the increase was
not signif�cant (p�0.62). A
second study74 found a
23.0 percentage-point re-
duction in the proportion
of children or adolescents missing 8 or more days of school
per year (p�0.01).

Outcomes related to healthcare utilization. Eighteen
studies 57,69�72,74,75,78�82,85,87�90,93 measured changes in
one or more healthcare utilization outcomes. (Several stud-
ies used more than one measure for each outcome. There-
fore, the number of studies for each outcome may not add
up to total number reported here.) Overall improvements
were small, with ten studies57,70,72,74,75,78,79,87,90,93 showing
amedian reductionof 0.57
visits per year (IQI: 0.33 to
1.71 visit per year reduc-
tion) in the number of
acute care visits for asthma
(controlled trials: 0.37
acute care visits per year
reduction; uncontrolled
trials: 3.38 acute care visits
per reduction) (Figure 8).
The reduction in acute care
visits included decreases of
0.40 hospitalizations per
year (IQI: 0.10 to 1.45
hospitalizations per year
reduction) from seven
studies,70,74,75,79,87,90,93 de-
crease of 0.2 emergency
room visits per year (IQI:
0.11 to 0.5 visits per year re-
duction) from eight stud-
ies,57,70,74,75,79,87,90,93 and

decrease of 0.50 unscheduled off�ce visits per year (range
of values: 0.20 to 6.88 visits per reduction) from four
studies.57,70,87,93

Eleven studies57,69,71,72,75,78,80,81,85,88,89 observed a me-
dian absolute reduction of 5.4 percentage points (IQI: 1.6
percentage point increase to 19.2 percentage point de-
crease) in the proportion of children or adolescents with
one or more acute care visits for asthma in the past year
(controlled trials: 5.4 percentage point reduction; uncon-
trolled trials: 12.9 percentage point reduction) (Figure 9).

Figure 6. Productivity: school days missed, mean number/year
Note: Gray box represents IQI or range; CIs were added to graph if reported in study or could be calculated.
IQI, interquartile interval

Figure 7. Productivity: school days missed, % population
Note: Gray box represents interquartile interval or range; CIs were added to graph if reported in study or
could be calculated.
pct pts, percentage points
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One study82 measured healthcare utilization outcomes
using different measures than those reported above and
thus could not be included in the analysis. This study
found no improvement in hospitalizations but did not
report specif�c data.

Outcomes related to physiologic pulmonary func-
tion. Seven studies57,68,71,75,88,94,109 measured physio-
logic responses using pulmonary function testing.

Six studies57,68,71,75,88,109

were RCTs, and one94

was an uncontrolled be-
fore-and-after study. The
studies reported a variety
of pulmonary function
measures such as forced
expiratory volume in 1
second (FEV1), forced vi-
tal capacity (FVC), and
peak flow. Two stud-
ies75,88 showed signif�cant
improvement in pulmo-
nary function testing. One
paper88 found a 10.0 per-
centage point absolute im-
provement in percentage
predicted FEV1 and an 8.2
percentage point absolute
improvement in percent-
age predicted peak flow
compared to control. The
second paper75 showed an

improvement in expiratory flow at 25% and 50% vital capacity
atendofinterventionbutdifferencesdisappearedby12-month
follow-up. Five studies, however, found no overall improve-
ment in pulmonary function measures.

Outcomes in Adults with Asthma
Three68,69,91 of the 23 intervention studies included in
this review included adult participants. All three stud-

ies were RCTs.

Quality of life. Two
studies68,91 measured a
QOL outcome. One
study68 found a 13% rela-
tive improvement in
quality-of-life or symp-
tom scores (p�0.006).
The other study found a
nonsignif�cant improve-
ment in quality-of-life or
symptom scores of 5.3%
(p�0.66).

Productivity. One study69

measured productivity and
found a 3% (p�0.62) non-
signif�cant increase in the
proportion of people who
missedmore than1workor
school day per year because
of asthma.

Figure 8. Healthcare utilization: combined measure of acute care visits/year
Note: Gray box represents IQI or range; CIs were added to graph if reported in study or could be calculated.
*Combined � sum of hospital, emergency department, and unscheduled office visits
IQI, interquartile interval

Figure 9. Healthcare utilization: percentage of children with acute care visits
Note: Gray box represents interquartile interval or range; CIs were added to graph if reported in study or
could be calculated.
IQI, interquartile interval; pct pts, percentage points
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