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Abstract
OBJECTIVE—National Heart, Lung, and Blood Institute clinical practice guidelines strongly
recommend that health professionals educate children with asthma and their caregivers about self-
management. We conducted a meta-analysis to estimate the effects of pediatric asthma education on
hospitalizations, emergency department visits, and urgent physician visits for asthma.

PATIENTS AND METHODS—Inclusion criteria included enrollment of children aged 2 to 17
years with a clinical diagnosis of asthma who resided in the United States. Pooled standardized mean
differences and pooled odds ratios were calculated. Random-effects models were estimated for all
outcomes assessed.

RESULTS—Of the 208 studies identified and screened, 37 met the inclusion criteria. Twenty-seven
compared educational interventions to usual care, and 10 compared different interventions. Among
studies that compared asthma education to usual care, education was associated with statistically
significant decreases in mean hospitalizations and mean emergency department visits and a trend
toward lower odds of an emergency department visit. Education did not affect the odds of
hospitalization or the mean number of urgent physician visits. Findings from studies that compared
different types of asthma education interventions suggest that providing more sessions and more
opportunities for interactive learning may produce better outcomes.

CONCLUSIONS—Providing pediatric asthma education reduces mean number of hospitalizations
and emergency department visits and the odds of an emergency department visit for asthma, but not
the odds of hospitalization or mean number of urgent physician visits. Health plans should invest in
pediatric asthma education or provide health professionals with incentives to furnish such education.
Additional research is needed to determine the most important components of interventions and
compare the cost-effectiveness of different interventions.
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The national heart, Lung, and Blood Institute (NHLBI) guideline for treatment of asthma
strongly recommends that health professionals provide asthma education to children with
asthma and their caregivers.1 A wide variety of asthma education programs for children have
been implemented and evaluated. However, results have been mixed, and the ability to draw
inferences from many of these studies has been limited by small sample sizes.

In this article we present findings from a meta-analysis of the impact of pediatric asthma
education on hospitalizations, emergency department (ED) visits, and urgent physician visits
for asthma. These outcomes were chosen because asthma is one of the major reasons that
children use acute care services. In 2004, children in the United States had ~198 000
hospitalizations for asthma, 754 000 ED visits, and 7 million outpatient visits.2 Although
several meta-analyses on pediatric asthma education have been published,3-6 they only
incorporated studies that were published before 1999. Many additional studies have been
published since then that evaluated novel types of educational programs that were not assessed
in earlier literature.

PATIENTS AND METHODS
Data Sources and Study Selection

Inclusion criteria included enrollment of children aged 2 to 17 years who had a clinical
diagnosis of asthma. Children were considered to have a clinical diagnosis of asthma if they
were diagnosed by a physician or had at least 1 previous urgent physician visit, ED visit, or
hospitalization for asthma. Studies in which most enrollees were under the age of 2 were
excluded, because it is difficult to diagnose asthma in children in this age group.1 The analysis
was limited to studies conducted in the United States and published in English, because
utilization of acute care services may vary across countries with different types of health care
systems.

Studies with the following research designs were included: randomized, controlled trials
(RCTs), cluster RCTs, controlled clinical trials, and observational studies with
contemporaneous comparison groups. Four major databases on medical literature were
searched: PubMed, the Cochrane Database of Systematic Reviews, the Cochrane Central
Register of Controlled Trials, and the Cumulative Index to Nursing and Allied Health
Literature. The search terms included “asthma (education or educational),” “asthma (education
or educational) intervention*,” “asthma (educational or education) plan,” “asthma (education
or educational) program*,” “clinical trial*,” “counsel*,” health education,” “patient
education,” “program evaluation,” and “self-care.”

The literature search was performed by a medical librarian at the University of California, San
Francisco. Dr Coffman screened titles and abstracts for all articles, retrieved the full text of
potentially eligible studies, and read the full text of these studies to confirm that they met the
inclusion criteria. As questions arose with regard to inclusion or interpretation of articles, Drs
Cabana, Halpin, and Yelin were consulted, and the topic was discussed until consensus was
reached. For each eligible study, we extracted information regarding the research design,
sample size, characteristics of the educational intervention, and characteristics of the study
population. When articles did not report the data needed to calculate pooled estimates, we
attempted to obtain this information from the authors.

Analysis
We analyzed the effects of pediatric asthma education on mean number of hospitalizations,
ED visits, and urgent physician visits for asthma and on the odds of receiving 1 or more units
of each of these services. Asthma education was hypothesized to increase children's and care-
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givers' ability to manage asthma and, thus, reduce the frequency and severity of asthma
symptoms, which in turn was hypothesized to decrease the need for acute care.

If not reported in the articles, SDs of mean differences in utilization were calculated by using
methods recommended by the Cochrane Collaboration.7 Mean differences were transformed
into standardized mean differences (SMDs) by using the Hedges (adjusted) g method, because
studies differed in the time intervals over which mean differences were reported.8 We used
DerSimion and Laird's random-effects model to generate all pooled estimates, because we
wanted to control for variation in the time intervals over which outcomes were measured, the
populations studied, and the educational content of the interventions.9 Q statistics were
calculated to determine if the results of the studies pooled were heterogeneous (ie, whether the
variance was greater than might occur by chance).7,8,10,11 All analyses were performed in Stata
9.0 (Stata Corp, College Station, TX).

We also developed a rubric to assess the comprehensiveness of asthma education interventions
based on the NHLBI guideline for asthma education. This guideline recommends that providers
educate patients and their caregivers about 4 major topics: basic facts about the
pathophysiology of asthma, correct usage of medications, techniques for monitoring
symptoms, and the importance of avoiding triggers.1 Asthma education programs that
incorporated all 4 topics were rated as the most comprehensive. Ratings were assigned on the
basis of information reported in the articles.

RESULTS
Study Characteristics

A total of 208 abstracts were reviewed, and 37 articles12-48 met the selection criteria. Twenty-
seven of the articles were published recently and were not part of previously published meta-
analyses. Articles were excluded for the following reasons: not original research (eg, an
editorial); not conducted in the United States; adults were enrolled; children who were not
diagnosed with asthma were included; intervention was directed toward health professionals
rather than children and/or caregivers; lack of data on outcomes of interest; and absence of a
comparison group.

Table 1 lists the 37 studies12-48 we reviewed and describes their research designs and sample
sizes, as well as the characteristics of the asthma education interventions and populations they
assessed. A table that provides additional details about individual studies is available from Dr
Coffman on request. Twenty-seven studies compared asthma education interventions to “usual
care” for asthma.† Most studies did not define “usual care,” which likely means asthma care
that the children routinely received from their usual health care provider. Ten studies compared
different types of asthma education interventions.‡

Over 80% of the studies were RCTs§ or cluster RCTs,16,21,25,30,36,47 and the remainder were
controlled clinical trials or observational studies with comparison groups.13,19,24,28,32,35,38

Sample sizes ranged from 14 children39 to 1033 children.22 In 22 studies, asthma education
was provided to children with asthma and their parents or other caregivers.∥ Twelve studies
evaluated educational interventions that were furnished only to children,¶ and 3 assessed
interventions that were delivered solely to caregivers.17,33,40

†Refs 12-16, 19-25, 27, 28, 30, 32, 35, 36, 38-41, and 43-47.
‡Refs 17, 18, 26, 29, 31, 33, 34, 37, 42, and 48.
§Refs 12, 14, 15, 17, 18, 20, 22, 23, 26, 27, 29, 31, 33, 34, 37, 39-46, and 48.
∥Refs 12, 13, 15, 16, 18, 20, 22-24, 26, 30-32, 34, 35, 37, 38, 42, 44-46, and 48.
¶Refs 14, 19, 21, 25, 27-29, 36, 39, 41, 43, and 47.
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Several different types of educational interventions were examined, including provision of
individualized education to children and/or their caregivers,# group classes,†† and educational
computer games.14,29,34,42 Outpatient clinics and physician offices were the most common
settings in which asthma education was provided.‡‡ Other settings included schools,§§ homes,
15,17,18,27,28,33,40 and EDs.23,45,46 The intervention period ranged from a few weeks to > 12
months. The number of sessions ranged from 123,45,46 to 90.27 Just over half of the studies
reported providing comprehensive education that addressed all 4 major topics recommended
in the NHLBI guideline.∥∥ Five studies did not describe the educational content of the
intervention.13,15,30,33,38

The majority of participants in 70% of the studies received Medicaid, were uninsured, and/or
lived in low-income families or low-income neighborhoods.¶¶ Most studies enrolled children
with a wide range of ages. Mean age at enrollment ranged from 4 years15 to 12 years.27 Boys
outnumbered girls in all studies that reported gender. In two thirds of the studies, two thirds or
more of the children enrolled were black or Latino.## We could not ascertain the proportion
of interventions that offered Latino children and caregivers instruction in Spanish, because two
thirds of the studies did not discuss the language(s) in which education was provided. Only 7
studies reported providing some or all components of the intervention in both Spanish and
English.19,20,33,35,43,45,46 Some studies only enrolled children or caregivers who spoke
English.14,15,27,37,42,48

Asthma Education Versus Usual Care
Table 2 and Figs 1-5 display pooled estimates of the effects of pediatric asthma education
relative to usual care. The number of studies pooled ranged from 4 to 13. A pooled estimate
could not be calculated for odds of an urgent physician visit, because only 1 of the 3 studies
that examined this outcome reported sufficient data to generate a pooled estimate. The results
of 2 studies that compared asthma education to usual care could not be pooled with other
studies, because the authors combined data on use of 2 types of acute care services.36,43 One
study could not be pooled because the authors reported median differences instead of mean
differences.25 A fourth study13 was excluded because the intervention was much more
intensive than those assessed in other studies. In that study, the children in the intervention
group were enrolled in a special school for children with chronic illness, at which they received
individualized education and case management to ensure compliance with medication
regimens.

The pooled estimates indicate that pediatric asthma education reduces both mean number of
hospitalizations (n = 5 studies; SMD: −0.35; 95% confidence limits [CLs]: −0.63, −0.08) and
mean number of ED visits (n = 13 studies; SMD: −0.17; 95% CLs: −0.31, −0.03) but had a
greater affect on mean number of hospitalizations. Pediatric asthma education was also
associated with a trend toward lower odds of having an ED visit (n = 10 studies; odds ratio
[OR]: 0.78; 95% CLs: 0.61, 1.01). Education had no effect on the odds of hospitalization (n =
8 studies; OR: 0.87; 95% CLs: 0.60, 1.27) or mean number of urgent physician visits (n = 4
studies; SMD: 0.02; 95% CLs: −0.20, 0.23). Findings from the 3 studies that assessed the effect
on odds of an urgent physician visit were inconsistent. One study46 found that education
reduced the risk of having an urgent physician visit, but the other 2 studies reported no effect.
38,45 The relative risks of an ED visit and hospitalization were similar to the ORs for these

#Refs 12, 15, 17, 22-24, 26, 28, 31-33, 36, 38-41, 44,46, and 48.
††Refs 16, 19-22, 24, 25, 30, 35, 36, 37, 44, and 47.
‡‡Refs 12, 14, 18, 20, 24, 26, 28, 29, 31, 32, 34, 37-39, 42-44, and 48.
§§Refs 13, 16, 19, 21, 25, 30, 36, 41, and 47.
∥∥Refs 12, 16, 19, 21, 23-29, 32, 34-37, and 43-48.
¶¶Refs 12-15, 17, 19-23, 25, 27-33, 35, 36, 40, 41, 43, 44, and 46-48.
##Refs 13-15, 17, 19, 21-23, 25-27, 29-32, 35, 36, 40, 41, and 43-48.
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services (results not shown). For all outcomes except the odds of an ED visit, the P values for
the Q statistics were ≤0.1, which indicates that the results of the studies pooled were
heterogeneous.

Comparisons of 2 Asthma Education Interventions
Six studies compared the effects of 2 or 3 different asthma education interventions on mean
ED visits for asthma. One study found that children whose caregivers participated in 5
interactive, small-group classes had lower mean numbers of ED visits than children whose
caregivers attended 3 lectures given to large groups (P < .05).37 Studies of the impact of
combining in-person education and telephone calls were equivocal. One study reported that
adding follow-up telephone calls and additional in-person educational sessions to a single in-
person educational session yielded a greater reduction in mean number of ED visits (P < .05).
26 However, another study revealed no statistically significant difference in mean number of
ED visits by children who only received 1 in-person education session and those who also
received follow-up telephone calls or telephone calls plus case management services.31 One
study examined the effects of different interventions on odds of an ED visit and reported that
an intervention that consisted of 6 home visits focused on proper use of nebulizers was more
effective than a 3-visit intervention that emphasized use of peak flow meters and asthma action
plans (P = .05).17

Findings from 2 studies that compared in-person education to in-person education plus an
asthma education computer game were inconsistent. One study reported a reduction in mean
number of ED visits34; the other study found no statistically significant difference.29 Another
study found no statistically significant difference in mean number of ED visits between children
who received 6 in-person, individual education sessions in conjunction with clinical care and
children who received 3 in-person sessions plus Internet-based education.18

The findings of these studies regarding mean number of hospitalizations and odds of
hospitalization were similar to the findings for ED visits.17,18,26,31,34,37 Findings for the mean
number of urgent physician visits were also similar.18,29,34 No studies of the odds of urgent
physician visits compared 2 different interventions.

Three studies assessed the effects of different asthma education interventions on use of 2 or
more types of acute care services. One study reported that children whose caregivers received
7 educational sessions in their homes had fewer urgent physician visits, ED visits, and
hospitalizations combined than children whose caregivers received only 1 session (P = .03).
33 Another study revealed that supplementing instruction regarding proper use of metered-dose
inhalers with education on additional topics and access to a 24-hour advice line was associated
with fewer ED visits and hospitalizations combined (P = .05).48 However, a study that
compared the effects of an asthma education computer game to brief verbal education reported
no statistically significant difference in urgent physician visits and ED visits combined.42

DISCUSSION
The findings from this meta-analysis suggest that, relative to usual care, pediatric asthma
education is associated with reductions in mean number of hospitalizations and ED visits and
a trend toward decreased odds of an ED visit for asthma but does not affect odds of
hospitalization or mean number of urgent physician visits. Findings from studies that compared
2 or more asthma education interventions suggest that interventions that involve more sessions
and provide more opportunities for interaction between educators and children or care-givers
may be more effective.
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Why might asthma education affect the numbers of hospitalizations and ED visits but not the
numbers of urgent physician visits? We believe this paradoxical finding may reflect the impact
of asthma education on care-seeking behavior. In the studies we reviewed, children and
caregivers who received asthma education may have been more aware of the importance of
monitoring symptoms closely and may have promptly sought treatment from children's office-
based providers if children experienced symptoms. Obtaining office-based urgent care before
symptoms became severe may have obviated the need for ED visits and hospitalizations.

Changes in care-seeking behavior may also explain why asthma education had a greater effect
on mean number of hospitalizations than on mean number of ED visits. Asthma education may
have reduced the severity of exacerbations or prompted parents to bring children to the ED
before their symptoms became very severe, which may have reduced the number of children
who presented to the ED and required hospitalization. Alternately, some ED visits may have
been unavoidable. Some visits may have been made on nights and weekends when children's
office-based providers were not available. In other cases, children may not have had a usual
source of asthma care and relied on EDs for treatment.

The presence of heterogeneity suggests that pooling results across studies may obscure
important, systematic differences among the interventions and populations studied. Several
explanations seem plausible. Educational interventions that address all 4 topics recommended
in the NHLBI guideline might be more effective, because they are more comprehensive.
Interventions composed of more or longer sessions may have greater impact, because educators
have more opportunities to reiterate their messages. Individual education might be more
effective than group education, because individual sessions can be tailored to the needs of
individual children and caregivers. Similarly, educators in clinical settings may have access to
medical charts that can enable them to customize content on the basis of a child's medical
history, medication regimen, and/or allergy-test results. Differences in results might also reflect
variation in rates of hospitalization and ED visits for asthma across regions, health systems,
and types of health insurance. Unfortunately, the numbers of studies that evaluated each
outcome were too small to permit quantitative analysis of subgroups of studies. We could only
make qualitative comparisons. Those comparisons suggested that the interventions with the
most favorable results tended to furnish comprehensive education to individual children or
families in clinical settings.12,22,24,28,32,41,46

Previous meta-analyses of the effects of pediatric asthma education on ED visits and
hospitalizations have reached different conclusions. These meta-analyses found that asthma
education was associated with a statistically significant reduction in mean number of ED visits
but had no effect on mean number of hospitalizations.3-6 However, our findings are not directly
comparable because of differences in inclusion criteria. Whereas our meta-analysis was limited
to studies conducted in the United States, the previous meta-analyses also included studies
conducted in other developed countries. In addition, previous meta-analyses combined studies
that compared asthma education to usual care with studies that compared 2 different asthma
education interventions.

STUDY LIMITATIONS
The most important limitation of this study was the lack of specificity regarding the definition
of “usual care.” Most studies did not define the term precisely. Their authors assumed that
children in the intervention groups received more asthma education than children in the control
group.

Inability to discern which children benefit most from asthma education was another important
limitation. We could not examine whether findings differed by severity and persistence of
asthma symptoms, because the studies did not measure symptoms consistently. The 2 studies
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that assessed whether effects varied with asthma severity reported conflicting findings. One
study found education was associated with a reduction in the odds of having an ED visit for
children with intermittent asthma but found no difference for children with persistent
asthma45; the other study reported that ED visits were similar for children with mild asthma
and moderate/severe asthma.30

The heterogeneity of the results of the studies we assessed also limited the strength of our
conclusions. We would have more confidence in our pooled estimates if results had been more
consistent across studies. As indicated previously, we could not determine if effectiveness
varied systematically with the characteristics of educational interventions or study populations.

The generalizability of our findings may be limited to low-income children in the United States.
Three quarters of the studies we reviewed primarily enrolled low-income children. Asthma
education may have greater effects on acute care utilization for low-income children than for
middle- and upper-income children, because low-income parents may have less formal
education and may have less access to information about asthma outside the educational
programs. To assess the generalizability of our findings to children in other nations, we
obtained studies conducted in other developed countries and generated additional pooled
estimates for hospitalizations and ED visits that incorporated these studies. The pooled
estimates were similar regardless of whether studies from other developed countries were
included. However, the degree of heterogeneity increased dramatically, suggesting that adding
these studies increased the variability in the estimates from individual studies above the already
high levels observed for US studies. (Results are available from Dr Coffman on request.)

Finally, our findings may overstate the effect of asthma education if there is bias in the
publication of studies. We created funnel plots to assess the potential for publication bias
(available from Dr Coffman on request). For all outcomes, the funnel plots were asymmetrical,
which suggests that small studies of asthma education that yielded nonsignificant or
unfavorable results may have been conducted but not published. However, asymmetrical funnel
plots do not provide conclusive evidence of publication bias, especially when the number of
studies is small.7

CONCLUSIONS
Providing pediatric asthma education reduces the mean number of hospitalizations and both
the mean number and odds of ED visits for asthma. These achievements are important, because
hospitalizations and ED visits are expensive and can often be prevented if asthma is managed
appropriately by a child's caregivers and office-based asthma care providers. Our findings
suggest that health plans and medical groups should develop asthma education programs or
give clinicians incentives for providing such education.

Additional research is needed to assist clinicians, medical groups, and health plans in
determining the amounts and types of asthma education to offer and who should receive it.
Previous meta-analyses of the effects of asthma education on other important outcomes, such
as self-efficacy, days and nights with symptoms, quality of life, and school absences, should
be updated. Researchers can also help identify the most important components of educational
interventions (eg, instruction in proper medication usage). Additional study should be
undertaken to determine which children with asthma benefit most from asthma education,
because it is not clear whether the effectiveness of education varies by age or severity of
symptoms. More studies of the cost/benefit of asthma education are needed. Health plans and
medical groups are unlikely to invest greater resources in asthma education unless there is
compelling evidence that such investments will be cost saving or at least cost neutral. In
particular, there is a need for large randomized trials that compare the effects of asthma
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education interventions of varying intensity and cost. Such studies would provide clinicians
and others concerned about pediatric asthma with a stronger evidence base on which they can
draw to better integrate asthma education and clinical practice.
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FIGURE 1.
Mean number of hospitalizations for asthma: asthma education versus usual care.
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FIGURE 2.
Odds of hospitalization for asthma: asthma education versus usual care.
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FIGURE 3.
Mean number of ED visits for asthma: asthma education versus usual care.
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FIGURE 4.
Odds of ED visits for asthma: asthma education versus usual care.
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FIGURE 5.
Mean number of urgent physician visits for asthma: asthma education versus usual care.
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