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Abstract

Objective: We conducted a systematic review and meta-analysis to determine the effectiveness of comprehensive
community-based interventions with > 2 components in improving asthma outcomes in children.

Methods: A systematic search of Medline, Cumulative Index to Nursing and Allied Health Literature (CINAHL),
Excerpta Medica Database (EMBASE), Cochrane Library and hand search of reference collections were conducted
to identify any research articles published in English between 2000 and 2019. All studies reporting community-
based asthma interventions with > 2 components (e.g., asthma self-management education, home environmental
assessment or care coordination etc.) for children aged < 18 years were included. Meta-analyses were performed
using random-effects model to estimate pooled odds ratio (OR) with 95% confidence intervals (Cls).

Results: Of the 2352 studies identified, 21 studies were included in the final analysis: 19 pre-post interventions,

one randomised controlled trial (RCT) and one retrospective study. Comprehensive asthma programs with
multicomponent interventions were associated with significant reduction in asthma-related Emergency Department
(ED) visits (OR=0.26; 95% CI 0.20-0.35), hospitalizations (OR=0.24; 95% Cl 0.15-0.38), number of days (mean
difference = — 2.58; 95% Cl — 3.00 to — 2.17) and nights with asthma symptoms (mean difference = — 2.14; 95% Cl
—2.94 to — 1.34), use of short-acting asthma medications/bronchodilators (BD) (OR=0.28; 95% Cl 0.16-0.51), and
increase use of asthma action plan (AAP) (OR=8.87; 95% Cl 3.85-20.45).

Conclusion: Community-based asthma care using more comprehensive approaches may improve childhood
asthma management and reduce asthma related health care utilization.
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Background

Asthma is a significant public health problem affecting
339 million people worldwide [1]. According to the
Global Asthma Report [1], it is the 16th leading cause
of disability adjusted life years lost (DALYs) and 28th
Owcipine of Paecitcs, o of womens and Chicrerts Healt leading cause of burden of disease.
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to emergency department (ED) and admissions to
hospital in children [2]. The reasons for poor progress
in pediatric asthma control are multifaceted, including
difficulties with medication adherence, inadequate
asthma education, failure to mitigate environmental
triggers, lack of coordination within and between
healthcare services etc. [3]. As the roots of these
problems often lie outside the acute care system, there
is growing interest in developing and implementing
an effective community-based approach to improve
asthma-related health outcomes in children.

The majority of community-based programs
developed in the last decades to improve childhood
asthma strategies have mainly focused on single
intervention comprising asthma self-management
education for the child/caregivers involving only one
community settings e.g., school or home. However,
reports on the effectiveness of such interventions
have not been consistent [4]. In a meta-analysis of 37
studies, it was found that although asthma education
alone had significantly reduced the odds of ED visits
for asthma, the impact on hospital admissions and
urgent physician visits were not significant [4]. This
is most likely because asthma is a complex disease
with a broad range of contributing factors which are
not limited to the physiological, but also include
environmental, social and behavioural determinants
of health. Therefore, a combination of interventions
that address the social behavioural and physiological
aspect of asthma through bridging the gap between
hospital- and community-based services are necessary
to achieve better health outcomes for children with
asthma. Comprehensive asthma programs with
multicomponent interventions that include self-
management skills, environmental triggers avoidance,
care coordination, advocacy for community or
governmental support etc., and various members
of the community e.g., schools, neighbourhood,
government/policy makers etc., have been developed
and implemented. However, a critical review of recent
evidence and effort to quantify the effectiveness
of these more comprehensive community-based
approaches which interconnect different stakeholders
is lacking.

Objectives

The objectives of this systematic review were to
systematically evaluate the existing body of evidence
to identify the key components of multicomponent
interventions and determine their effectiveness in
improving health outcomes in children with asthma.
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Methods

This systematic review adopted the Preferred Reporting
Items for Systematic Reviews and Meta-analyses
(PRISMA) standards (Prospero registration number:
CRD 42019133776).

Types of studies

We included randomized clinical trials (RCTs) and
quasi-experimental studies (i.e., pre- and post-
intervention studies, retrospective cohort studies) in
this review.

Types of participants

Only studies including children aged <18 vyears,
who have been diagnosed with asthma or shown
symptoms of asthma, and participated in a community-
based asthma program with multiple intervention
components were considered in this review.

Types of interventions

Studies selected involved comparison of community-
based interventions with>2 components that aimed
to improve health outcomes or management pathways
versus no intervention for children with asthma. The
interventions could have taken place in a variety of
community settings e.g., homes, community health
clinics, schools etc., and carried out by any health
care professionals (e.g., nurses, asthma educators,
social workers or community health workers etc.).
Interventions included (A) asthma self-management
education, (B) home environmental assessment (i.e.
home visits for trigger assessments with or without
remediation supplies), (C) care coordination (i.e.,
connecting patients/families with relevant health care
or social services), (D) school involvement (e.g. asthma
education for patients or school personnel, behavioural
counselling at school etc.), (E) involvement of primary
healthcare providers for ongoing asthma assessment,
provision of AAP etc., (F) community involvement
(e.g. awareness campaign, neighbourhood support etc.)
or (G) advocacy for government/local organization
involvement in policy changes.

Types of outcome measures

Outcomes of interest included differences between
those with and without intervention in (1) acute care
utilization e.g., ED visits and hospitalization, (2) asthma
control e.g., asthma symptom day/night, use of asthma
action plan (AAP), asthma medication uses or Asthma
Control Test (ACT) score, (3) pulmonary function
e.g., forced expiratory volume in one second (FEV)),
and (4) productivity e.g., school or work absenteeism.
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Qualitative/narrative data collected from interviews or
open questions were not analyzed.

Search methods for identification of studies

Eligible articles were identified from four electronic
databases: Medline, Cumulative Index to Nursing and
Allied Health Literature (CINAHL), Excerpta Medica
Database (EMBASE) and Cochrane Library. Additional
studies were retrieved from the reference lists of
identified articles. Original articles published between
2000 and 2019 were searched using a combination of
MeSH keywords: (1) “asthma”; (2) “child” or “pediatrics”
or “childhood’, “child health”; (3) “community” or
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“public health’, “multicomponent’, “integrated care’,
“comprehensive’, “collaborative’, “care coordination”
Studies were included if they were: (1) published in
English language, (2) available in full-text, (3) conducted
in humans, (4) conducted in children with asthma, (5)
involving community-based interventions. Studies were
excluded if they were: (1) review articles, (2) unpublished
data, or (3) qualitative/narrative research studies.

Study selection process

Figure 1 summarizes details of the study selection
process. All articles identified through database searches
were screened for duplication, full text availability and

“community care” or “community health service’, language used. Titles and abstracts of the remaining
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram. Footnote: CINAHL Cumulative index to nursing
and allied health literature; EMBASE Excerpta Medica Databases
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articles were reviewed for eligibility by one reviewer.
Studies with titles or abstracts that met the inclusion
criteria had full-text review. A research team member
assessed the contents of the articles to determine
whether they were to be included in this review and final
decision was reached after agreement was obtained from
the principal investigator.

Data extraction and quality assessment

The following data were extracted from the selected
studies and entered into a table developed by the research
team: authors, year of study, study duration, study design,
sample size, age, care provider, ethnicity, asthma severity,
intervention components and key findings. Accuracy and
completeness of the data were counter checked by the
second reviewer.

The strength and quality of the studies was assessed
by using the Risk of Bias In Non-randomized Studies
(ROBINS-I) tool developed by the Cochrane Bias Method
Group [5]. The strength of the evidence was assessed
based on seven domains: (1) bias due to confounding, (2)
bias in selection of participants into the study, (3) bias in
classification of interventions, (4) bias due to deviations
from intended interventions, (5) bias due to missing data,
(6) bias in measurement of outcomes, (7) bias in selection
of the reported result [5].

Data analysis

Meta-analyses were performed to pool data from
studies with sufficient information of the same outcome
measures. Dichotomous data were analyzed using odds
ratio (OR) and continuous outcomes were analyzed
using weighted mean difference (MD). DerSimonian
and Laird’s random effects model was used to estimate
the overall effect size with 95% confidence interval (CI).
For data that were unavailable or could not be extracted
from information provided, the authors of the studies
were contacted to obtain the relevant information. For
continuous data, missing standard deviations were
estimated from other summary statistics (e.g., confidence
intervals, standard errors, ¢ values or p values) using the
methods described by Higgins and Green [6].

Standard chi-squared (X?) test and I° statistics was
calculated to evaluate the level of heterogeneity of the
pooled results (i.e., whether the variance was genuine or
due to sampling error), and considerable heterogeneity
was present if P>75% and X°<0.1 [7]. Sensitivity
analysis was conducted using stepwise single-study
elimination method to determine if our decision had
any impact on the pooled results by omitting each study.
All statistical analyses were carried out using Review
Manager (RevMan) software version 5.3 [8].
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Results

Results of the search

A total of 2352 potential articles were identified from the
initial literature search. After duplicates were removed,
titles/abstracts of 1,002 articles were screened for
eligibility and full text availability. Of these, 92 articles,
together with the 52 articles retrieved from the reference
lists, underwent full text review. As a result, a total of 21
studies met the selection criteria and were included in
this systematic review. Details of the search strategy is
depicted by a PRISMA flow chart in Fig. 1.

Study characteristics

Among the 21 studies, nineteen were pre-post
intervention studies [9-27], one was RCT [28] and
one was retrospective cohort [29] study. Overall, risk
of bias was moderate as illustrated in Fig. 2. All of the
studies were carried out in the United States (US),
except one in Australia [10]. Ethnic minorities (i.e.
African American and Hispanic American) were the
focus in 18 of the 20 studies [9, 11, 12, 14-18, 20-29].
Sample sizes varied widely ranging from 65 to 134,480
children (median=295) aged from 0-18 years (Table 1).
Interventions were delivered mainly by nurses including
asthma educators, nurse practitioners etc. (13/21), [9—
14, 16, 18-20, 22, 23, 25] followed by community health
workers (11/21), [12, 14-17, 20-22, 25, 27, 29] social
workers (4/21), [11, 13, 24, 28] physicians (3/21), [11, 22,
25] respiratory therapists (2/21), [13, 15] psychologists
(1/21), [28] pharmacist (1/21) [13].

As shown in Table 1, intervention components of
each programs were different. However, education on
basic asthma knowledge and self-management skills,
care coordination to connect patients/families with
relevant primary care or social services, and home visit
for environmental trigger assessment were common
intervention elements (i.e., core interventions) across
20 of 21 reviewed studies. Other interventions such as
provision of environmental remediation products e.g.
allergen-proof beddings and pillow encasings, cleaning
supplies, cockroach abatement etc. were employed in
13 studies [9, 11-14, 16-21, 26, 27]. Engagement with
schools to increase asthma awareness, provide asthma
education to staff members, promote asthma-friendly
school environment or improve communication
between care providers and schools, were parts of the
intervention programs in 13 of the 21 studies [11-—
13, 15-17, 20-22, 24, 26, 28, 29]. Fourteen studies
[10-13, 15-18, 20-22, 25, 26, 29] also worked with
primary care providers to address issues of healthcare
accessibility, inform of patient’s progress, perform
medical assessment, medication adjustment, review
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Fig. 2 Summary of risk of bias of included studies. Legends: 1 =Bias due to confounding. 2 =Bias in selection of participants into the study. 3 =Bias
in classification of interventions. 4 = Bias due to deviations from intended interventions. 5 = Bias due to missing data. 6 =Bias in measurement of
outcomes. 7 =Bias in selection of the reported result

of AAPs, or update with practice change and latest Additionally, public or community organizations/
asthma guidelines. Whereas, in 14 studies, [12, 15— agencies were involved in 14 studies [12, 13, 15-18,
18, 20-27, 29] effort was made through community 20-23, 25-27, 29] to bring about changes in clinical or
fairs or education sessions to increase community community systems to ensure more effective disease
awareness and social support for children with asthma. = management.
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Effect of interventions on health care utilizations
Overall, ED visits were evaluated in 16 studies, [10-18,
20, 22-24, 26, 28, 29] of which, 13 reported a significant
post-intervention reduction in asthma-related ED
visits [10-18, 20, 22, 26, 29] (Table 1). Among these 13
studies, eight presented complete dichotomous data
on ED visits (yes/no). Meta-analysis of these studies
revealed that ED visits were significantly reduced after
multicomponent  community-based  interventions
(OR=0.26; 95% CI 0.20-0.35) (Fig. 3).
Multicomponent interventions were also associated
with reduction in asthma-related hospitalizations in
15 [9-16, 18-20, 22, 26, 28, 29] of 18 studies [9-20,
22-24, 26, 28, 29] that reported the outcome measure
(Table 1). The odds of asthma-related hospitalization
was reduced by 76% in children with vs without
interventions (OR =0.24; 95% CI 0.15-0.38) (Fig. 4).
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Effects on asthma control

Ten studies measured changes in asthma symptoms from
pre- to post-implementation of intervention programs
[9, 12, 14-17, 19, 22, 25, 28]. All 10 studies reported a
beneficial effect of intervention with significant decrease
in days with asthma symptoms, while six of the studies
[12, 14-16, 22, 25] also reported decrease in nights with
asthma symptoms (Table 1). The pooled intervention
effects, in terms of mean differences (MDs), were
—2.58 days per fortnight (95% CI —3.00, —2.17) (Fig. 5)
and —2.14 nights per fortnight (95% CI —2.94, —1.34)
(Fig. 6) with asthma symptoms based on data available in
three studies. [12, 16, 25]

Two studies [25, 28] measured lung function of the
study population, in terms of FEV;, however, only one
of them [28] reported significant improvement of
15.6% (i.e., from 2.05 at baseline to 2.31 at 12 months;
p<0.001). One study assessed ACT score and reported
an increase in the proportion of patients with optimally

Test for overall effect: Z = 9.03 (P < 0.00001)

Intervention Nointervention Odds Ratio Odds Ratio

Study EDvisits Total EDvisits Total Weight M-H,Random,95%Cl M-H, Random, 95%CI
Findley 2011 108 724 21 724 142% 0.43[0.33, 0.55] -
Fox 2007 24 280 75 280 11.0% 0.26 [0.16, 0.42] - s
Lara 2013 53 117 19 145 10.1% 0.18[0.10, 0.32] - =
Lob 2011 57 761 225 761 13.6% 0.19[0.14, 0.26] -
Mansfield 2011 210 720 428 723 14.7% 0.28 [0.23, 0.39] =
Rapp 2018 1 187 77 187 11.6% 0.40 [0.26, 0.63] -
Turyk 2013 52 218 102 218 12.2% 0.36 [0.24, 0.54] —
Woods 2012 62 283 194 283 12.7% 0.13[0.09,0.19) — =
Total (95% Cl) 3290 3321 100.0% 0.26 [0.20, 0.35] <o
Total events 607 1431 . . . . . .
Heterogeneity: Tau* = 0.14; Chi? = 38.00, df = 7 (P < 0.00001); I* = 82% 0f1 072 055 é é 110

Fig. 3 Pooled odds ratio (OR) of asthma-related ED visits in children with vs without community-based intervention

Favours intervention Favours no intervention

Test for overall effect: Z = 6.20 (P < 0.00001)

Intervention Nointervention Odds Ratio Odds Ratio

Study Hospitalization Total Hospitalization Total Weight M-H,Random,95% CI M-H, Random, 95% CI
Findley 2011 47 724 86 724  12.9% 0.52[0.36, 0.75] -
Fox 2007 5 280 24 280 85% 0.19[0.07, 0.52] - =
Kennedy 2017 16 314 63 314 11.5% 0.21[0.12,0.38) -
Lara 2013 16 117 52 145 11.1% 0.28[0.15, 0.53] -
Lob 2011 10 761 83 761  10.8% 0.11[0.06, 0.21] -
Mansfield 2011 82 720 184 723 13.3% 0.38[0.28, 0.50] =
Rapp 2018 9 187 19 187 9.6% 0.45[0.20, 1.02] — ]
Turyk 2013 10 218 34 218 10.3% 0.26 [0.13, 0.54) -
Woods 2012 22 283 145 283 12.1% 0.08[0.05,0.13] — =
Total (95%Cl) 3604 3635 100.0% 0.24 [0.15, 0.38] ’
Total events 217 690 . . . .
Heterogeneity: Tau? = 0.38; Chi* = 50.10, df = 8 (P < 0.00001); I* = 84% 0.65 sz ] é 2'0

Fig. 4 Pooled odds ratio of hospitalizations in children with vs without community-based intervention

Favours intervention Favours no intervention
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well-controlled asthma (i.e., ACT score of 25) from 10 to
20% 2 years after interventions [23] (Table 1).

Seven studies [9, 14—17, 19, 22] measured the use of
short-acting asthma medications or bronchodilators
(BD) e.g., B-2 agonists. Six [9, 14-16, 19, 22] reported a
significant decrease in the number of patients needing
these medications (Table 1). Meta-analysis on the four
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studies with complete data [14, 15, 17, 22] showed a
significant reduction in need for short-acting asthma
medications/BD with interventions (OR=0.28; 95% CI
0.16-0.51) (Fig. 7). Furthermore, use of AAP was also
found to be significantly increased in five studies [14-16,
18, 24] after interventions (OR=8.87; 95% CI 3.85—
20.45) (Fig. 8).

Intervention No intervention
Mean Mean
symptom symptom Mean Difference Mean Difference
Study days SD Total days SD Total Weight IV, Random,95% CI IV, Random, 95% ClI
Janevic 2016 21 262 805 5 626 805 412% -290[-3.37,-243] -
Mansfield 2011 177 215 720 414 441 719 53.0% -2.37[-2.73,-2.01] . 3
Thyne 2006 28 343 65 51 585 65 58% -230[-3.95,-0.69]
Total (95%Cl) 1590 1589 100.0%  -2.58 [-3.00, -2.17] ‘
Heterogeneity: Tauz = 0.05; Chi = 3.19, df = 2 (P = 0.20); I* = 37% 4 2 i 2 4

Test for overall effect: Z = 12.33 (P < 0.00001)

Fig. 5 Pooled estimates of mean difference for days with asthma symptoms in children with vs without community-based intervention

Favours intervention Favours no intervention

Intervention

No intervention

Mean Mean
symptom symptom Mean Difference Mean Difference
Study nights SD Total nights SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Janevic 2016 12 182 805 38 565 805 398% -260[-3.01,-2.19] =
Mansfield 2011 129 287 722 29 408 719 407% -161[-1.97,-1.25) -
Thyne 2006 27 424 65 5 363 65 195% -230[-3.66,-094) — "
Total (95%Cl) 1592 1589 100.0%  -2.14 [-2.94, -1.34] ‘
Heterogeneity: Tau? = 0.37; Chi? = 12.64, df = 2 (P = 0.002); I = 84% F x 2 3 2 45

Test for overall effect: Z = 5.25 (P < 0.00001)

Favours intervention Favours no intervention
Fig. 6 Pooled estimates of mean difference for nights with asthma symptoms in children with vs without community-based intervention

Intervention No intervention 0Odds Ratio 0Odds Ratio

Study BDuse Total BDuse Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI
Fox 2007 33 280 118 280 25.0% 0.18[0.12,028] —=—
Lara 2013 29 17 90 145 23.3% 0.20[0.12,0.34) —®—
Lob 2011 49 484 149 484 26.2% 0.25[0.18, 0.36) —a
Rapp 2018 84 187 103 187 25.4% 0.67 [0.44, 1.00] — ]
Total (95% Cl) 1068 1096 100.0% 0.28 [0.16, 0.51] i
Total events 195 460

e 2 - - Chi2 = = 12 = 87% I + + + . {
Heterogeneity: Tau? = 0.31; Chi? = 22.56, df = 3 (P < 0.0001); I> = 87% 01 02 05 1 > 5 10

Test for overall effect: Z = 4.24 (P < 0.0001

BD = bronchodilator/short-acting asthma medication

)

Favours intervention Favours no intervention

Fig. 7 Pooled odds ratio (OR) of short-acting asthma medication/bronchodilator (BD) uses in children with vs without community-based

intervention
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Test for overall effect: Z = 5.12 (P < 0.00001)

AAP = Asthma action plan

Intervention No intervention 0Odds Ratio 0Odds Ratio

Study AAP  Total AAP  Total Weight M-H, Random, 95% Cl M-H, Random, 95% ClI
Lara 2013 62 17 5 145 18.5% 31.56 [12.05, 82.69] —_—
Lob 2011 512 761 307 761 242% 3.04 [2.47,3.75) L
Mansfield 2011 576 712 184 713 24.0% 12.18 [9.47, 15.65] -
Portnoy 2006 92 93 69 93 10.0% 32.00 [4.23, 242.34] —_—
Woods 2012 232 283 149 283 23.3% 4.09[2.79, 6.00) -
Total (95%Cl) 1966 1995 100.0% 8.87 [3.85, 20.45] <
Total events 1474 714

ity Tau? = 0.74: Chi = 87. =4 (P <0. T LA . . . .

Heterogeneity: Tau? = 0.74, Chi* = 87.30, df = 4 (P < 0.00001); I* = 95% 0b2 Of ] 1 1'0 5'0

Fig. 8 Pooled odds ratio (OR) of asthma action plan (AAP) uses in children with vs without community-based intervention

Favours no intervention Favours intervention

Effect on other outcomes

Use of long-acting/controller asthma medication was
evaluated in four studies and was found to have increased
by 12% to 127% (19, 20, 24, 25) (Table 1). Data on days
missed from school were insufficient for meta-analysis.
However, all the six studies [15, 16, 18-20, 26] that
reported asthma-related school absenteeism found a
significant reduction, ranging from 41 to 83%. Three of
these six studies [15, 18, 26] also reported reduction (50—
64%) in days missed from work by parents/carers due to
their child’s asthma (Table 1).

Discussion

Our comprehensive systematic review and meta-
analysis involving a total of 181,408 children with
asthma has demonstrated that community-based asthma
interventions with multiple components provided at
various community settings can reduce health service
use, improve asthma-related symptoms and potentially
reduce school absence. We have identified that almost all
(95%) community-based multicomponent interventions
included at least three main components i.e., self-
management asthma education, home environmental
risk assessment and care coordination.

As asthma cannot be cured, focus of asthma
management need to be placed in measures to
achieve optimal asthma control and minimizing risk
of severe complications. Like many other chronic
illnesses, effective asthma management requires
involvement of multiple stakeholders i.e. family, school,
community and policy organizations or agencies, to
support the patient’s role as manager of his/her own
health [30, 31]. In the Chronic Care Model (CCM),
Wagner and colleagues [30] identified six elements

(i.e. self-management support, community resource,
decision support, delivery system design, organizational
support, clinical information system) to overcome
the deficiencies in chronic disease management such
as poor adherence to practice guidelines, lack of care
coordination and planned care, lack of active follow up
and inadequate training for patients to manage their
illness. Of the six elements of CCM, self-management
is the key component which involves recognizing
the patient’s central role in managing their illness,
and provide patients and families with support to
acquire skills and confidence in managing their own
health care [31]. This is of particular importance in
asthma care as evident from our systematic review
where education on basic asthma knowledge and
self-management skills was one of the main core
interventions. However, intervention program with
only asthma education may not be adequate for
achieving optimal asthma control. In a recent study
of a community outreach program which focused
on asthma education for Aboriginal children with
asthma, the investigators had failed to find significant
improvement in unscheduled medical visits and quality
of life despite some improvement in carer’s knowledge
and skills about asthma [32]. A review conducted by
Wu & Takaro [33] demonstrated that a combination of
interventions, involving both environmental measures
for trigger reduction and education of self-management
skills, was effective in improving clinical symptoms
and acute service utilizations for asthmatic children,
but such improvements were not observed in studies
with asthma education as the only intervention. Several
systematic reviews have also been conducted previously
on educational programs for asthma self-management
but the results were inconsistent [4, 34—36], suggesting
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that asthma education alone may not be sufficient for
effective asthma management, especially for children.
Home visit and environmental trigger assessment is
another commonly used interventions among studies
included in this review. It is well-documented that
asthma exacerbations are linked to indoor housing
conditions and exposure to allergens such as inadequate
ventilation, environmental tobacco smoke, pests etc.
[37]. Home visitations provide an opportunity to assess
and address potential environmental triggers that caused
asthma exacerbation. Many studies have evaluated the
impact of interventions targeting asthma triggers in the
home environment. Although improvement in asthma
symptoms and urgent care visits were consistently
reported across the studies, level of asthma control
and hospital admissions due to asthma were uncertain
[38-40]. Furthermore, families receiving home-based
interventions were often supplied with environmental
remediation products (e.g. vacuum cleaners, bed
coverings, pest abatements) to eliminate potential
triggers in the home environment. It has been suggested
that the provision of environmental remediation
products may not provide additive benefit to asthma
outcomes [41]. This is somewhat consistent with our
findings. When comparing between studies with and
without environmental remediation supplies, there was
no additional improvement observed in both ED visits
and hospitalizations associated with asthma [17, 21].
Care coordination is a crucial component in the effort
to assist patients or families in navigating through health
care or social systems. It facilitates interaction between
patients/families and the health care providers, as well
as linkage to social services to address family needs
or problems. In all the asthma programs reviewed
here, care coordination is one of the core interventions
together with self-management education and home
environmental assessment. The three reviewed studies
[12, 16, 20] that placed specific emphasis on care
coordination consistently reported significant reduction
in ED visits and hospital admissions, which is indicative
of the importance of care coordination in improving
health outcomes for children with asthma. However,
whether care coordination alone is adequate to achieve
effective asthma control has yet to be determined and
should be the subject for future research investigations.
Apart from the core interventions (ie., self-
management education, home environmental assessment
and care coordination), most of the reviewed studies
had their interventions extended to schools, primary
practices, public/organizational agencies and the
wider community to promote asthma awareness and
support, as well as to advocate for more asthma-friendly
environment or policy changes. Although nine studies
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had similar program designs that included all seven
intervention elements (i.e. all three core components
plus the involvement of schools, primary care providers,
community campaigns, policy makers/organizations) [12,
15-17, 20, 21, 29], there were great variations between
the remaining 12 studies in regarding the components
of their interventions. Therefore, it is not possible to
clearly identify the optimal combination of intervention
elements that had led to the improvement observed in
the summary effects.

It was also worth noting that none of the studies
included the use of telehealth care, which has drawn
considerable attention in the recent pandemic
outbreak. In general, telehealth refers to health services
delivered by electronic communication media such as
telephone, video or internet. It is effective in overcoming
geographical barriers and has been shown to be cost-
effective in providing health advice and education for
patients with chronic illnesses [42]. However, a recent
systematic review of 21 RCTs using telehealth care
(including text messaging, telephone, video conferencing
etc.) did not show any significant improvement in quality
of life or ED visits for patients with asthma [43]. More
researches are needed to confirm the impact of telehealth
on asthma management for children.

Several limitations of this review should be noted.
There are few RCT studies available for community-based
interventions with multiple components, in particular,
for childhood asthma. We only identified one RCT in this
review. Comparisons in our meta-analyses were made
primarily between before and after intervention, which
may lead to overestimation of the summary effect size.
However, the effects of studied interventions were, in
general, consistent and followed the same positive trend
across the measured outcomes. In addition, in the six
studies [9, 10, 19, 21, 28, 29] that included comparator
groups, their findings were in agreement with that of
the meta-analysis, with five out of the six studies [9, 10,
19, 28, 29] reported greater improvements in asthma
outcomes among intervention groups than the controls.

High level of heterogeneity was identified and was likely
due to different study designs, settings and intervention
components, as well as low number of studies included.
In order to incorporate the between-study variations,
random effect models were used to estimate the
summary effect size. Also, we performed subgroup
analyses to explore the heterogeneity amongst studies
and our results showed little change to the direction or
magnitude of the estimated effects. Meanwhile, with
stepwise single-study elimination analysis, we did not
observe significant change in the outcomes for which
pooled effect sizes were calculated, suggesting that there
was minimal publication bias.
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Although a considerable number of key words and
search terms have been used, it is possible that we
did not extract all the relevant articles in this review.
Thus, in addition to electronic searches, we conducted
hand search of reference lists to extract all relevant
articles in the existing literatures. Most of the studies
included were conducted in the US, with majority of
the participants from ethnic minority background and
low-income households. As healthcare system in US
is very different from other countries, results of this
review may not be generalizable. Finally, we included
only articles written in English language and might
have missed findings from studies published in other
languages.

Conclusion

Asthma management in children is complex and
requires coordinated efforts from a wide range of
stakeholders. To enable effective disease management,
it needs engagement of community and collaboration
between families, schools, primary care providers and
government/organizational agencies. As summarized
by Clark et al. [44], a successful asthma program should
be “community-centred”, “clinically connected” and
“continuously collaborative” Community-based asthma
programs with comprehensive approach examined in
the present review aligned with these guiding principles
and could be an effective model of care in improving
health outcomes and reducing acute care need for
children with asthma.
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