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ABSTRACT

Objective: Asthma disproportionately impacts and has poorer outcomes in low-income, minor-
ity, and inner-city children. The home environment has a profound impact on a child’s asthma.
Home-based asthma visits have the potential to positively impact a child’s asthma, especially in
targeted populations. The purpose of this integrative review is 1.) to explore the effectiveness of
home-based education and environmental measures and 2.) to explore specific indicators and tools
to measure pediatric asthma control and program effectiveness. Data Sources: Medline, CINHAL, and
Ovid databases were searched from 2010 to 2017 utilizing the keywords healthy homes AND asthma
and home based interventions AND asthma. Study Selections: A total of 71 articles were retrieved of
which 27 articles met the inclusion criteria of English language, human subjects, and the inclusion
of pediatric populations. Three additional articles were hand-searched from previous references. In
total, 30 articles were reviewed. A quality appraisal was conducted utilizing standardized appraisal
tools. Results: Home-based asthma education and environmental interventions have proven to be
effective. The programs reviewed varied in types of interventions, intensity and duration, the type of
provider, length of follow-up, and outcome measures. Successful programs were patient-centered,
included a home assessment and individualized education and interventions, and were collaborative.
Multiple outcome indicators such as health care utilization, asthma control, missed days of school or
productivity, asthma symptoms, and verification of environmental remediation have been utilized.
Conclusion: Home-based asthma programs can be beneficial to children with poorly controlled
asthma and have the potential to be cost-effective.
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Intr ion
troductio HH Program was $15 million (5). Traditionally, HH pro-

Asthma is the most common chronic condition of child-
hood, affecting 6.2 million children in the United States or
approximately 8% of the pediatric population (1). Asthma
disproportionately impacts and has poorer outcomes in
low-income, minority, and inner city populations with
a prevalence rate of 13.4% in African American chil-
dren and 11.1% in children below poverty level (1,2).
African-American children are three times more likely to
be admitted to the hospital for asthma exacerbations and
2.8 times more likely to die from asthma (1). A child’s
health is profoundly impacted by their home environment
and home life (3). Indoor environmental triggers, indoor
air quality, products in the home, home structure, family
composition, and knowledge have the potential to either
positively or negatively impact a child’s asthma.

In 2009, the Surgeon General made a call to action to
promote Healthy Homes (HH) (4). The HH initiative has
continued to evolve. In 2015, the annual budget for the

grams have focused on lead, asbestos, air quality, injury
and fire hazards, water contamination, and allergens.
Many HH programs are expanding to include asthma
education and interventions within the home. A multi-
faceted approach including environmental changes, trig-
ger identification and avoidance, and education is needed
to positively impact asthma outcomes (3). The Center for
Disease Control (CDC) identifies asthma as one of the
six most common and costly conditions in the United
States (6). Increasing the availability of asthma care that
occurs in the home and community must become a
priority.

While the need for asthma care in the home and envi-
ronmental remediation is well documented, delineating
which measures are most effective and how to measure
their impact is less clear. Health care costs are rising expo-
nentially, and resources are limited. Interventions should
be evidence-based, and outcome indicators should be in
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place to measure the effectiveness. The aims of this inte-
grative review are as follows:

1. To explore the effectiveness of in-home education
and environmental measures to improve pediatric
asthma control; and

2. To explore indicators and tools to measure pedi-
atric asthma control and HH program effective-
ness.

Methods

An integrative review was conducted to appraise the
evidence related to home-based asthma interventions
and outcome indicators. Inclusion criteria included stud-
ies related to pediatrics or children; home based; and
asthma related interventions, education, or outcomes.
Exclusion criteria included adult-only studies. The search
was limited to humans and English language. Medline
and CINHAL were searched from 2010 to 2017 utilizing
the key words healthy homes AND asthma. The Medline
search returned 17 articles, of which 13 articles met
inclusion and exclusion criteria. The CINAHL search
returned 15 articles, of which 9 were duplicates and 6
articles met inclusion and exclusion criteria. Medline and
CINHAL were also searched from 2010 to 2017 utilizing
the key words home based interventions AND asthma.
The Medline search returned 6 articles, of which 2 met
inclusion and exclusion criteria. The CINAHL search
returned 3 articles, of which 1 article was a duplicate
and 1 article met inclusion and exclusion criteria. Ovid
database was searched from 2010 to 2017 utilizing the
key word healthy homes. Twenty-nine articles were iden-
tified. Of the 29 articles, four were duplicates and 20 did
not meet inclusion and exclusion criteria. Five articles
were reviewed from the initial Ovid search. Ovid was
also searched from 2010 to 2017 utilizing the key word
home based asthma intervention. The search returned
one article which was a duplicate. The initial appraisal
consisted of 27 articles. After reviewing the literature,
an additional three articles were hand-searched from
previous references. In total, 30 articles were reviewed.
Please see Figure 1 for search details.

The evidence was comprised of the following
types of articles: 11 health care initiatives or pre-post
studies, two case studies, five observational studies, one
economic evaluation, one literature review of economic
evaluations, two systematic reviews, four articles with
background or foundational information, one random-
ized control trial, and three psychometric analyses. A
quality assessment of the articles was conducted utilizing
article-specific appraisal tools if available. An article was
deemed strong if it met >75% of the criteria, moderate if
it met 50-74%, or weak if it met <50% of the criteria. The
quality of the health care initiative articles was analyzed

utilizing the Transparent Reporting of Evaluations with
Nonrandomized Designs (TREND) Statement Checklist
(7). Of the 11 articles, three were deemed strong, six
were moderate, and two were classified as weak. The
case studies were appraised utilizing the CARE Case
Report Guidelines checklist or the Consensus Stan-
dard for the Reporting of Organizational Case Studies
(8,9). One case study was classified as moderate qual-
ity and the other classified as weak. The observational
studies were critiqued utilizing the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) Checklist (10). Two articles were considered
strong. Two articles were classified as moderate, and
one article was classified as weak. The economic eval-
uation was appraised utilizing the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS)
Checklist and was rated as strong evidence (11). The
two systematic reviews were appraised utilizing the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Checklist and both were cri-
tiqued as being strong (12). The randomized control trial
was appraised utilizing the Consolidated Standards for
Reporting Trials (CONSORT) and was critiqued as being
moderate strength (13). Please see Table 1 for detailed
information.

Results

Throughout the literature, successful HH programs
targeting inner-city children have been documented.
However, the programs have often varied in the type of
provider for the intervention (nurses, community health
workers, or lay persons), types of interventions, inten-
sity and duration of interventions, length of follow-up,
and outcome measures (14). Many of the interventions
lack clarity in the explanation of interventions and/or
education provided. The evidence indicates that HH
programs were more likely to demonstrate a positive
impact if they were community-centered, clinically con-
nected, collaborative, designed for a specific racial or
ethnic group, inclusive of environmental assessments,
and provided tailored education and interventions based
on the assessment and patient characteristics (14,15).
Home-based interventions with multiple components
focusing on multiple triggers and containing an environ-
mental focus have proven effective in reducing asthma
morbidity (16). Not surprisingly, interventions showed
the greatest magnitude of improvement when targeted to
individuals with poorly controlled asthma (17). Multiple
outcome indicators such as health care utilization, missed
days of productivity or school, quality of life, asthma
symptoms, asthma control, and implementation of home
environmental remediation have been appraised. Please
see Table 1 for a review of the studies.



Interventions

Multicomponent interventions

Crocker et al. (2011) conducted a systematic review
evaluating the effectiveness of home-based, multi-trigger,
multi-component asthma interventions with an envi-
ronmental focus (16). The review included 23 studies
of which 20 studies included pediatric participants. The
most common environmental asthma triggers identified
included dust, pets, cockroaches, rodents, mold, and
irritants such as cigarette smoke. The review included
studies with multiple approaches. Twenty-one of 23
studies included a home environmental assessment.
Seventy-four percent of the studies incorporated an
environmental remediation component ranging from
minor to major. Twenty-one percent included some form
of education with a focus on environmental remediation

Medline
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or asthma self-management. The duration of follow-up
in the studies varied from 1 to 48 months with the aver-
age of 12 months of duration. The authors concluded
that home-based, multi-component interventions which
included an environmental focus were effective. In the
review, children demonstrated a reduction in symptom
days by 21 symptom days per year and a reduction in
missed school days by 12.3 days per year. The number
of asthma acute care visits decreased by 0.57 visits per
year. The review also demonstrated a reduction in trigger
levels and smoke exposure as well as improved trigger
reduction behavior and asthma management behavior.
Most of the studies did not report an improvement in
physiologic outcomes. The systematic review was well
done and included a good representation of minority
groups as well as low income, inner-city children.

Keywords: “healthy homes” AND “asthma” 2010-2017

17 articles
13 met inclusion/exclusion

Medline

Keywords: “home based interventions” AND “asthma”

2010-2017
6 articles
2 met inclusion/exclusion

CINAHL

Keywords: “healthy homes” AND “asthma” 2010-2017

15 articles

9 duplicates, 6 met inclusion/exclusion

CINAHL

13 articles

2 articles

6 articles

Keywords: “home based interventions” AND “asthma”

2010-2017
3 articles

1 duplicate, 1 met inclusion/exclusion

Ovid

Keywords: “healthy homes” 2010-2017

29 articles
4 duplicates, 20 excluded

Ovid

Keyword: “home based asthma intervention” 2010-2017

1 article, 1 duplicate

Figure 1. Search Process.

1 article

5 articles

0 articles

27 articles reviewed
3 articles hand-searched from previous
references

30 articles
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Education

In the 2011 systematic review by Crocker et al, the
educational interventions varied in type and intensity
(16). Some studies placed more emphasis on environ-
mental remediation education and others more emphasis
on asthma self-management. Studies that included 4 or
more home visits reported slightly greater improvement
in QOL, health care utilization, and productivity.

Welsh & Hasan conducted a 2013 systematic review
of 12 randomized control trials, which included a total
of 2,342 children (18). This systematic review evaluated
the effectiveness of home-based asthma education alone
for children and caregivers. The primary outcomes evalu-
ated were emergency department visits and exacerbations
requiring oral corticosteroids. Secondary outcome mea-
sures included functional health status, hospitalizations,
missed school and work days, and lung function. Eight
studies included four to six home visits, and one study
included eight visits. Three of the randomized control tri-
als evaluated only consisted of one to two home education
visits. Follow-up ranged from 3 to 24 months. All of the
programs included basic asthma education and asthma
self-management strategies as well as a review of asthma
medications and inhaler technique. The review did not
demonstrate a significant difference in the primary out-
comes of emergency department visits and systemic cor-
ticosteroids. The review also did not find a significant dif-
ference in quality of life, symptoms, or days missed from
school. One study in the review found a decrease in hos-
pitalizations at 24 months. Overall, the authors found the
evidence to be very inconsistent and heavily dependent on
the context such as type and intensity of education. This
systematic review was very well done.

A randomized control trial by Ellis, King, and Naar-
King evaluated the impact of asthma education com-
bined with a Multisystematic Therapy (MST) approach
in a high-risk group of African-American children with
poorly controlled asthma (19). MST incorporates educa-
tion with cognitive behavioral training and empowerment
of the youth as well as the caregiver. The study found a sig-
nificant improvement in asthma knowledge and inhaler
device skills for the treatment group. Limitations of the
study include the lack of objective measures and lack of
generalizability.

Other literature included educational interventions
ranging from one to nine sessions and encompassing a
range of curricular content. Many successful programs
customized their education based on the patient’s home
and asthma trigger assessment (14,20-22). Turcotte et al.
conducted four to nine educational visits lasting one
to two hours each. Home health assessment workers
provided the education which focused on recognition
and avoidance of asthma triggers (22). Polivika et al.
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utilized health educators to conduct one personalized
education session lasting two to three hours (14). The ses-
sion included standardized information regarding general
asthma knowledge in written and verbal format as well
as demonstrations. Community health workers later fol-
lowed up at two and six weeks intervals to reinforce the
progress. Sweet et al. employed public health nurses to
provide tailored education and a “Healthy Homes Action
Plan” detailing methods to reduce asthma triggers (21).
They conducted one to two follow-up visits in two-week
intervals. In another study, community health workers
known as promotoras were utilized to provide one lin-
guistically and culturally competent 60-minute session
based on the “Asthma and Healthy Homes” curriculum
certified by the Texas Department of State Health and
also content from the Seven Principles of Healthy Homes
(23). A shortened version of the “Asthma and Healthy
Homes” curriculum was also implemented with parents
of children in head start (24). The curriculum was short-
ened to 45 minutes and still focused on asthma signs and
symptoms, disease management, trigger identification
and avoidance, and proper use of asthma medications. In
another study, Largo et al. conducted four sessions within
six months regarding trigger identification and exposure
reduction (25). All of these programs demonstrated posi-
tive asthma outcomes. However, the studies varied greatly
in the education provided, intensity of the intervention,
the provider of the intervention, and the asthma outcomes
measured. The studies were pre-post studies following
public health interventions and lacked randomization and
control. Please see Table 1 for detailed information.

Most programs incorporated general asthma knowl-
edge and asthma trigger awareness and avoidance (14).
Self-management strategies such as the importance of
daily preventative medications, inhaler use, peak flow
monitoring, and the importance of regular preventa-
tive appointments were emphasized. Sunshine, Song, and
Krieger evaluated the impact of asthma action plans
(AAP) on asthma control, caregiver quality of life, and
health care utilization (26). They did not find that AAP
use was associated with improved outcomes.

Environmental assessments and interventions

Successful HH programs reviewed in this study consisted
of an individualized home environmental assessment
and remediation component (15). Aspergillus niger, a
mold, in the home has been significantly associated with
asthma exacerbations in children (27). The presence
of excess dust in the home has been associated with
sensitization to Dermatophagoides pteronyssunus (28).
Structural and ventilation deficits potentially can be
directed to landlords and housing authorities to over-
see remediation. Many home environmental measures
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proven effective and utilized in the studies reviewed were
lost low-cost and simple to implement. The interventions
included the following: mattress and pillow encasements;
HEPA vacuums and air filters; decreased tobacco smoke
exposure; pest and cockroach management; and safe
household cleaning products (29). Breysse et al. evaluated
the impact of “green” and healthy home renovations in
low-income housing (30). They reported a significant
decrease in nonasthma respiratory illnesses in children (p
=0.025). Overall, interventions did not have to be expen-
sive to be impactful. Crocker et al. found that the level
of the environmental intervention impacted the amount
of change in QOL and health care utilization (16). Mod-
erate remediation generated the greatest improvement
in QOL, and as the extensiveness of the environmental
remediation increased, health care utilization decreased.
Please see Table 1 for detailed information.

Indicators and outcomes

Herendeen and MacDonald suggested that outcome mea-
sures should focus on parental empowerment, behavior
changes, and structural changes as well as asthma indica-
tors (29). Indicators and outcomes reviewed in this study
included economic indicators, environmental outcomes,
productivity, health care utilization, knowledge, asthma
control, and quality of life. Many of these indicators rely
on parental self-report versus objective measures.

Economic impact

Three studies examined the economic impact of home-
based asthma interventions. Turcotte et al. enrolled 116
households with 170 asthmatic children in a home-based
remediation study (22). They estimated net savings of $38
522 for the four-week period and $821 304 savings over
12 months (22). In a 2011 literature review conducted as
an initiative plan for a HH program in North Carolina,
cost savings of $2.03 to $3.58 for every dollar spent on
implementation of a HH asthma intervention were found
(28). A more recent 2016 narrative review examined 17
home-based intervention programs (31). Fourteen of the
17 studies found a positive return on investment. Most
of the savings were related to a decrease in hospitaliza-
tions and emergency department visits. A few programs
only observed a positive return on investment for those
participants with a history of higher health care utiliza-
tion. Three years was the median time to achieve a posi-
tive return on investment.

Environmental outcomes

The assessment of environmental changes included direct
visualization of home remediation as well as reported
household changes (25, 32). The changes encompassed

structural repairs to remediate ventilation and mold issues
as well as noncomplex measures such as pest manage-
ment. Several studies examined reported changes in the
use of pillow and mattress encasements, limiting pets in
bedroom, decreased smoke exposure, changing air filters
regularly, decreasing clutter, and cleaning more frequently
and with fragrance-free cleaners (21,24,25,32).

Productivity

A few studies utilized productivity as an indicator of
program effectiveness. In the 2011 systematic review by
Crocker, missed school days were decreased by 12.3 days
per year (16). Sweet et al. also found a statistically signifi-
cant decrease in missed days of school (p < 0.001) (21).
Other productivity indicators included parental missed
work days and activity limitations.

Health care utilization

Health care utilization measures included emergency
department visits, hospitalizations, and unscheduled
acute care visits for asthma. The HH intervention evalu-
ated by Turcotte et al. found significant improvements in
all three (22). Crocker et al. found that acute asthma visits
decreased by 0.57 visits per year (16). Polvika et al. found
a statistically significant decrease in emergency depart-
ment, urgent care, and acute visit (p < 0.001) post imple-
mentation of the home-based asthma intervention (14). A
decrease in emergency department visits (p < 0.001) was
also found in the HH intervention by Sweet et al (21).

Knowledge

Several studies in this review evaluated improved asthma
knowledge as an outcome (19,21,24,25,32,33). Only one
of these studies was a randomized control trial (19). The
authors found improved knowledge and device skills after
an educational program including a behavioral training
component in adolescents. Most studies focused on gen-
eralized asthma knowledge, device skills, trigger knowl-
edge, trigger management, and asthma self-management.
The studies were mostly pre-post public health inter-
ventions, and the methods of knowledge assessment
varied greatly and lacked validated measurement tools
(19,21,24,25,32,33).

Asthma control

Historically, there has not been a gold standard for the
assessment of asthma control (34). Typically, asthma
control has encompassed symptoms, airway obstruction,
airway hyper-responsiveness, and airway inflammation.
There has been a shift in recent guidelines to incorpo-
rate risk assessment. Great variability in the measures uti-
lized to signify asthma control in the home-based stud-
ies was noted. Asthma disability and symptoms were



often assessed with a self or parental reported recall of
one to four weeks” duration. Symptoms included night-
time awakenings, reported wheezing, shortness of breath,
days with activity limitations, rescue inhaler use, chest
tightness, and cough (14,25). Asthma control diaries
did not provide more information than an administered
questionnaire, and parents often under-reported symp-
toms (34). While pragmatic, self-report lends itself to
both under- and over-reporting of disability and symp-
toms. Several different validated tools were utilized in
the evidence reviewed for assessment of asthma con-
trol. The tools included the following: Childrens Health
Survey for Asthma (CHSA); Juniper’s Asthma Control
Questionnaire (ACQ); Asthma Control Test (ACT); and
the Asthma Therapy Assessment Questionnaire (ATAQ)
(34-39). Please see Table 2.

The impact of HH programs on asthma control was
inconsistent between studies. Three studies reported a
decrease in asthma symptom days ((14, 16, 21). Two stud-
ies reported a decrease in nighttime awakenings (14,21).
Turcotte et al. reported improved CHSA scores (22).
Only one study reviewed did not find an improvement in
asthma control (26).

Quality of life

Asthma-related quality of life for the child and/or the par-
ent, which is more of a global measure from their per-
spective, was also evaluated in a few of the studies (21,26).
Two studies found improved caregiver quality of life post
intervention ((14, 21). One study reviewed did not find
improved caregiver quality of life. None of the studies
reviewed examined the quality of life strictly from the
child’s perspective. Three validated tools were identified
to evaluate quality of life. The CHSA includes compo-
nents of emotional health for both the child and the care-
giver. The Pediatric Asthma Quality of Life Questionnaire
(PAQLQ) examines the child’s quality of life (38). The
Pediatric Asthma Caregiver Quality of Life Questionnaire
(PAQLQ) is a validated tool to evaluate the caregiver’s per-
spective (39). Please see Table 2.

Discussion

The United States spends $56 billion per year on asthma,
and asthma is the third leading cause of hospitalization
among children less than 15 years of age (40). The CDC
identifies three broad aims to decrease hospitalizations
and emergency department visits as well as improve
asthma outcomes. The aims include improving clini-
cal asthma management; improving personal asthma
management; and improving home environments.
Asthma self-management education and home visi-
tation programs have the potential to yield a positive
return on investment (41). The evidence in this review
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reinforces the potential of home-based asthma interven-
tions when education and environmental components
are combined. Two systematic reviews were included in
this integrative review (16,18). Welsh and Hasan did not
find consistent evidence of effectiveness of home-based
asthma programs that only included an educational
component (18). The systematic review by Crocker et al.
evaluated 20 studies which incorporated multiple com-
ponents such as environmental and self-management
education, environmental assessments and remediation,
asthma education, social services, and care coordination
(16). They did demonstrate a decrease in symptom days,
school absenteeism, and acute asthma visits. Asthma
self-management approaches should be designed based
on the needs of the child and the intensity of those needs.
Children with moderate-to-severe asthma, which is not
controlled through self-management education and high
quality medical care, may benefit from home visits (41).
Ideally, the home visits include a home assessment as well
as self-management asthma education and interventions
based on the assessment and tailored to the child and
parents. Home visits may also help connect the parent
and child to needed social services and possibly provide
low-cost interventions and remediation. Home visits
may be conducted by a wide range of qualified providers
including nurses, asthma educators, respiratory therapist,
and trained community health workers and may range
from one to multiple visits.

Currently, most HH visitation programs are funded
through public health and foundational grants which vary
from year to year (41). The variability in available fund-
ing has the potential to jeopardize the long-term sustain-
ability of HH programs. In order to remain sustainable,
HH programs must effectively manage their resources;
utilize evidence-based interventions; utilize a variety
of qualified providers; collaborate and share resources
across public and private sectors; establish and moni-
tor outcome measures; and seek additional reimburse-
ment from other sources such as Medicaid and private
insurers.

In general, the current evidence on HH asthma
interventions varies greatly in interventions provided,
intensity and duration, provider of intervention, out-
comes measured, and consistency of results. While
promising, more research is needed including random-
ized control trials incorporating multiple components
such as education, care coordination, and environmental
remediation. Future studies should evaluate multiple
outcomes such as productivity, economic indicators,
environmental indicators, health care utilization, quality
of life, and asthma control. Validated measures such as
CHSA, ACQ, PAQLQ, PACQLQ, Asthma Control Test
(ACT), and Asthma Therapy Assessment Questionnaire
(ATAQ) should be utilized when possible.
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This integrative review encompasses a broad range
of literature from public health journals, environmen-
tal journals, and asthma specialty journals. The articles
underwent a quality appraisal utilizing standardized tools,
and over 75% of the articles reviewed appraised as strong
or moderate quality. The review is limited in that only two
systematic reviews and one randomized control trial were
included. Most of the articles included in the review were
pre-post studies from public health interventions and as
such lack the rigor and the strength of randomized con-
trol trials. There are multiple inconsistencies in program
components, intensity of interventions, provider of inter-
ventions, follow-up, and evaluation methods. Also, many
of the outcome indicators are based on self-report rather
than objective and/or validated measures.

Conclusion

Home-based asthma education and environmental reme-
diation programs have the potential to improve asthma
outcomes. Programs have often varied in interventions,
implementation methods, and outcome measures. Home
visitation programs can be beneficial to children with
uncontrolled asthma and have the potential to be cost-
effective. However, more research is needed. Interven-
tions must be evidence-based, and programs must con-
sistently track outcomes, preferably utilizing standardized
and validated measures. Further studies are needed eval-
uating the economic impact of HH programs. Establish-
ing a positive performance history and documenting cost-
effectiveness will enable stakeholders to engage Medicaid
and other potential payers and help ensure sustainability
of the programs.
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