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Summary

What is already known on this topic?

It is critical to estimate the effect of expanding asthma interventions on
the rates of adverse asthma events (AAEs). Public health programs use the
results of randomized controlled trials (RCTs) in practical implementation
for their population.

What is added by this report?

Consistent examination of translating results of RCTs into effectiveness
outcomes has been limited. We describe and illustrate a method of using
the results of RCTs to estimate changes in rates of AAEs and provide ex-
amples of how to apply the method.

What are the implications for public health practice?

This method can be used to calculate anticipated effects of future,
planned interventions, or retrospectively, to calculate estimated the ef-
fects of already implemented programs. Public health practitioners can
use the method outlined in this article and the current base of RCT literat-
ure (and the results of future RCT studies as they become available) in
their planning and evaluation of interventions.

Abstract

Introduction
The Centers for Disease Control and Prevention’s Controlling
Childhood Asthma and Reducing Emergencies initiative aims to
prevent 500,000 emergency department (ED) visits and hospitaliz-
ations within 5 years among children with asthma through imple-
mentation of evidence-based interventions and policies. Methods

are needed for calculating the anticipated effects of planned
asthma programs and the estimated effects of existing asthma pro-
grams. We describe and illustrate a method of using results from
randomized control trials (RCTs) to estimate changes in rates of
adverse asthma events (AAEs) that result from expanding access
to asthma interventions.

Methods
We use counterfactual arguments to justify a formula for the ex-
pected number of AAEs prevented by a given intervention. This
formula employs a current rate of AAEs, a measure of the in-
crease in access to the intervention, and the rate ratio estimated in
an RCT.

Results
We justified a formula for estimating the effect of expanding ac-
cess to asthma interventions. For example, if 20% of patients with
asthma in a community with 20,540 annual asthma-related ED vis-
its were offered asthma self-management education, ED visits
would decrease by an estimated 1,643; and annual hospitaliza-
tions would decrease from 2,639 to 617.

Conclusion
Our method draws on the best available evidence from RCTs to
estimate effects on rates of AAEs in the community of interest that
result from expanding access to asthma interventions.

Introduction
More than 4.2 million children in the US had current asthma in
2020; they had more than 0.79 million emergency department
(ED) visits and 64,525 hospitalizations with a primary asthma dia-
gnosis in 2019 (1,2). The health impact of pediatric asthma is ac-
companied by high costs (3). The Centers for Disease Control and
Prevention’s (CDC’s) National Asthma Control Program de-
veloped and published the EXHALE Technical Package in 2018
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(4). This resource comprises 6 evidence-based strategies that can
be used to help people achieve better asthma control and decrease
the number of asthma-related ED visits and hospitalizations (4).
These 6 strategies are 1) education on asthma self-management
(“E,” hereinafter referred to as E1), 2) extinguishing smoking and
exposure to secondhand smoke (“X”), 3) home visits for trigger
reduction and asthma self-management education (“H”), 4)
achievement of guidelines-based medical management (“A”), 5)
linkages and coordination of care across settings (“L”), and 6) en-
vironmental practices to reduce asthma triggers from indoor, out-
door, or occupational settings (“E,” hereinafter referred to as E2)
(4). Implementing and expanding access to these strategies, in part
by leveraging partnerships with public and private partners, is a
current priority for National Asthma Control Program (4). In 2019,
the Controlling Childhood Asthma and Reducing Emergencies ini-
tiative was launched with the goal of preventing 500,000 ED vis-
its and hospitalizations nationwide within 5 years through imple-
mentation and expansion of access to EXHALE strategies in the
population of children with asthma (5).

Evidence for effectiveness of EXHALE strategies differs from
strategy to strategy in the type, number, and quality of relevant
published studies (4). Four of these strategies — education on
asthma self-management, extinguishing smoking, home visits for
trigger reduction and asthma self-management education, and
achieving guidelines-based medical management (6) — are imple-
mented at an individual level (7). In contrast, the remaining 2
strategies — environmental policies or best practices to reduce
asthma triggers from indoor, outdoor, and occupational sources
and linkages and coordination of care across settings — address
policies or regulations. Each strategy promotes various asthma in-
terventions, which can be tailored to various groups of people with
asthma (for example, by demographic and socioeconomic status,
geographic location, place of intervention, and asthma severity)
(4). For example, an asthma self-management education interven-
tion could involve instructions on using medications correctly, re-
cognizing and managing symptoms, and reducing exposure to
asthma triggers and could take place in a school, clinic, home, or
other setting. A full description of EXHALE strategies is avail-
able at www.cdc.gov/asthma/exhale/index.htm.

The primary objective of this study was to describe and illustrate a
method of using results of randomized controlled trials (RCTs) to
estimate changes in rates of adverse asthma events (AAEs) that
result from expanding access to an EXHALE strategy. The meth-
od can also be applied to other study designs, such as cohort and
case-control studies, if they generate valid effect estimates. It can
be used to calculate anticipated effects of future Controlling Child-
hood Asthma and Reducing Emergencies interventions or estim-
ate impacts of previously implemented programs. Expanding

asthma interventions is a major public health approach to decreas-
ing asthma-related illness and death, so it is important to estimate
the effect of an expansion in access to these interventions on rates
of AAEs.

Methods
We illustrate a method for using the results of RCTs to estimate
the effect of asthma-related interventions on reducing AAEs
among children. We used counterfactual reasoning to justify a for-
mula for estimating the expected number of AAEs prevented by
implementing selected EXHALE strategies. Asthma interventions
are commonly offered to only a part of the population with
asthma. First, we show how to predict or estimate effects in this
situation. Second, we use data extracted from relevant RCTs iden-
tified in the literature to illustrate an application of the formula. Fi-
nally, we discuss the approach, results, and considerations for
when the method should apply.

Selection of RCTs

We reviewed the literature to identify RCTs for each EXHALE
strategy. We restricted the pool of eligible RCTs to those that were
1) included in any of 3 systematic reviews (8–10) or the EX-
HALE technical package (4), 2) recently published (in 2000 or
later), 3) included children with asthma, and 4) were conducted in
North America (11). We excluded studies for a given outcome if
they reported pre-intervention rates of AAEs that differed between
the treatment and control arms by more than 30%, indicating po-
tentially imbalanced randomization (12–15).

Effects in the RCTs

In the RCTs considered, an EXHALE strategy was offered to all
participants in the treatment arm but not to participants in the con-
trol arm, who generally continued to receive care as usual. Some
participants in the treatment arm may not have complied with,
taken advantage of, or used the intervention. All participants were
followed during the RCTs to determine rates of AAEs. We de-
noted the observed rates of AAEs in the treatment arm as RateT
and in the control arm as RateC and the rate ratio (RR) by

 (Equation 1)

where subscript E refers to EXHALE strategy E1 (education on
asthma self-management), which is made available by the inter-
vention. In a well-conducted RCT, we expect  to be a con-
sistent estimator of the average causal effect of making E avail-
able to the study population (assumption 1, Table 1).
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Effect in a community where a subpopulation is
selected for an intervention

We considered the effects of a particular intervention offered to
only a part of a population of interest (for example, all children
with asthma in a county). We assumed that the study population
was not selected from the community and that only proportion (Pr)
was enrolled to receive the intervention (enrollees). We denoted
the rates of AAEs among enrollees as RateP and the rate in the
community among those not enrolled (nonparticipants) as .
We assumed that the asthma intervention offered to the enrollees
was similar to the intervention evaluated in the RCT (assumption
2, Table 1). The intervention is made available to all enrollees, but
not everyone will necessarily use or take advantage of its availab-
ility. This situation parallels the situation in an RCT, in which
some participants in the intervention arm may not take advantage
of or use the intervention offered (ie, less than complete compli-
ance). Furthermore, before or during a community program, the
intervention may have already been available as part of usual care
to nonparticipants in the community. Again, this situation paral-
lels the situation of imperfect compliance in an RCT wherein some
participants in the control group receive the intervention as part of
usual care outside the study.

The key assumption is that the effect on community enrollees ap-
proximates the situation in the RCT with effects measured on the
appropriate scale (assumption 3, Table 1 [16]). The approxima-
tion need hold only within strata of covariates if stratum-specific
estimates are available. Here, we use the rate ratio ( ) to
measure effects. We equated the effect of the intervention in the
RCT to that among community enrollees:

 (Equation 2)

where  is the counterfactual rate among community en-
rollees if they (contrary to fact) had not been enrolled in the inter-
vention. Equation 2 directly parallels a counterfactual formulation
of the causal effect in those enrolled to receive the intervention: it
is the ratio of the rate if all were enrolled compared with the coun-
terfactual rate if none were enrolled (17). Equation 2 encodes the
assumption that the causal effect among community enrollees,
measured as a rate ratio, equals the rate ratio in the RCT without
further adjustment (16,18). This assumption is related to transport-
ability, a concept that holds if the causal effect of treatment in the
study sample applies to the target population that is distinct from
that sample.

Effect on adverse events among community
enrollees

We derived expressions for the expected number of adverse events
prevented, assuming that the program only affected enrollees. We

let ΔEvents denote the expected change in the number of adverse
events, in a community of size N in which the proportion Pr was
enrolled in the program. We estimated the change in the annual
number of events by the rate difference (rate per person per year if
enrolled minus rate not enrolled) times the number enrolled, PrN:

 (Equation 3)

Equation 3 can be written in several different but equivalent ways
to allow various applications according to which combination of
measures  (  and  )  is
available and thought to be most suitable for the population of in-
terest.

 (Equation 4a) or

 (Equation 4b) or

 (Equation 4c)

where  represents the expected number of
events in the community, if the program had not been implemen-
ted. Which equation, 4a, 4b, or 4c, is best applicable depends on
availability of additional information as described next.

If we observed the rate among community enrollees (Ratep) and
have a suitable rate ratio  from one or more RCTs, we
can apply Equation 4a to estimate the expected change in the num-
ber of events.

If the rate among community enrollees (Ratep) is not available, it
may be possible to estimate , the rate among enrollees, if
they had not been enrolled ( ) and use an applicable rate ra-
tio  from an RCT in Equation 4b to estimate ΔEvents.
For example, it may be reasonable to estimate  as , the
rate observed in the remainder of the community (or a relevant
subgroup) where the intervention was not implemented. It could
be  plausible  to  assume that  the  observed   satisfies

where,  denotes the (observed) rate in a subgroup or com-
munity that was not offered the intervention (Table 1, assumption
4b). This assumption should hold if the intervention had no effect
on rates in parts of the community where it was not offered, and
the enrollees were comparable to the rest of the community with
respect to rates. In this case, the estimate of  and of ,
if applicable to the community of interest, allows application of
Equation 4b. Alternatively, it may be reasonable to use observed
rates in another community that is not offered the intervention as
an estimate of . Yet another alternative could be to use the
observed rate among enrollees in the year before the intervention
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was introduced as an estimate of . However, major disrup-
tions in health and health care, such as a pandemic, can render this
option inappropriate.

Alternatively, if the number of events expected in the community
had the program not been implemented can be estimated, perhaps
based on numbers in a prior year, then this number can be substi-
tuted for “events” in Equation 4c.

For completeness, if the rate among enrollees RateP is measured
and a direct estimate of the rate among enrollees had they not en-
rolled  is also available, then the number of adverse events
prevented can be estimated by direct substitution into Equation 3.
This approach, however, would not incorporate results of the
RCTs.

Implementation

Implementation of the approach for estimating the effect of
asthma-related interventions on rates of AAEs involved the fol-
lowing steps. First, we reviewed the literature to identify relevant
studies that provided a valid effect estimate for one or more inter-
ventions similar to the ones of interest (Assumptions 1 and 2, Ta-
ble 1). We summarized characteristics of the identified studies, in-
cluding the EXHALE strategy used, the type of intervention im-
plemented, the demographic characteristics of the population stud-
ied (the number of participants, age group, percentage that was
male, and race and ethnicity), the severity of asthma in the study
population, the baseline rates in the hospital or ED or both, the
study period, and the location of the study. Second, we evaluated
each study’s population and compared its characteristics with
those of the community to assess the extent to which the effect in
the RCT might validly estimate the effect among those in the com-
munity who were offered the program (Assumption 3, Table 1,
transportability). The most appropriate RCT to use depends on
these characteristics, comparability of the study population with
the target community, and distributions of effect modifiers. Third,
we evaluated available information to identify which combination
of information ( , or ) was avail-
able in addition to  (Assumption 4a, 4b, or 4c; Table 1). Fi-
nally, we calculated the number of prevented events by using
Equations 4a, 4b, or 4c, where the choice was guided by the third
step (evaluation of available information).

We developed 2 examples to illustrate how we implemented our
approach. In Example 1, we considered the projected number of
ED visits prevented by a community program if the program ex-
panded access to a specific EXHALE strategy: E, A, X, or E + A +
H + L. We first considered the number of ED visits prevented by
expanding access to strategy E, education on asthma self-
management. We separately estimated the effect of a program in

each relevant RCT. We estimated  by assuming it approxim-
ately equaled the observed rate in the community of interest dur-
ing the year before the planned intervention. We calculated the an-
ticipated effect of expanding this strategy by offering a program to
Pr = 20% of a community with 20,540 asthma-related ED visits
among children; we assumed this number of ED visits on the basis
of publicly available data from Los Angeles County (19). Simil-
arly, we used the same approach to calculate the number of ED
visits prevented by programs expanding access to strategies A, X,
and E + A + H + L.

In Example 2, we considered the projected number of hospitaliza-
tions prevented by a community program if the program expan-
ded access to strategy E, A, or X. We first considered strategy E.
To apply Equation 4b, we must choose a study in which the chil-
dren with asthma studied in the RCT were sufficiently similar to
those in the community population for the rate ratios to be applic-
able. Here, we estimated  by assuming that it approximately
equaled the observed rate in the community of interest in the year
before the planned intervention. To predict the number of hospital-
izations prevented, we again presumed that Pr was equal to 0.2 (ie,
the program provided access to self-management education for
20% of the community population). On the basis of data from Los
Angeles County (19), 2,639 asthma-related hospitalizations oc-
curred in 2015 among children. Next, we applied the rate ratio
(  = 0.21) from the study by Bruzzese et al (20) and ap-
plied Equation 4c. For other studies, we similarly estimated the
number of hospitalizations prevented when the rate ratio from the
respective RCT was transportable to the population of interest.

Results
Our literature search identified 15 RCTs meeting inclusion criter-
ia (Table 2). Study populations ranged in size from 56 to 937. Par-
ticipant characteristics differed from study to study. For example,
asthma severity varied across the studies; 1 study included only
children with severe asthma, while other studies included children
with any asthma diagnosis. We found only 1 RCT for strategy X
(29) and no RCTs met our selection criteria for strategy H or for
strategy E2.

Example 1: Number of ED visits prevented

Ten RCTs satisfied our inclusion criteria for ED visits among chil-
dren with asthma (Table 3A). Although each RCT evaluated an
EXHALE strategy, the interventions described differed in the
number of sessions, setting, population studied and overall con-
tent.

On the basis of the effect estimate for strategy E, education on
asthma self-management, the intervention described by Brown et
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al (21), for example, would have prevented an estimated 1,643 ED
visits annually. For strategy A, in the intervention described by
Kattan et al (15) would have prevented an estimated 729 ED vis-
its per year. For strategy X, in the intervention described by
Wilson et al, an estimated 518 ED visits would have been preven-
ted annually (29).

Example 2: Number of hospitalizations prevented

Eleven RCTs satisfied our criteria for hospitalizations among chil-
dren with asthma (Table 3B). Each RCT had a unique set of fea-
tures such as study population, demographic characteristics, distri-
bution of asthma severity, setting, and content. On the basis of the
effect  estimate  for  strategy E,  education on asthma self-
management, the intervention described by Bruzzese et al (20), for
example, would have prevented 417 hospitalizations annually. For
strategy A, the intervention described by Szefler et al (28) would
have prevented 293 hospitalizations annually; and for strategy X,
the intervention described by Wilson et al (29) would have pre-
vented 107 hospitalizations annually.

Discussion
We illustrated how to use effect estimates in the published literat-
ure to predict the effect of expanding access to interventions in the
population of children with asthma. We demonstrated a practical
method for converting effect estimates into rates of AAEs preven-
ted by expanding EXHALE strategies. We used 15 recent RCTs to
illustrate the method, but the method can also be applied to other
study designs. These RCTs were conducted in various settings
with different study populations, degrees of asthma severity, and
intervention types. The treatment and control arms of RCTs are of-
ten not random samples of the population of interest. Public health
practitioners can use the most appropriate RCT on the basis of
considerations of comparability and transportability.

In the studies selected for our analysis, participants were evalu-
ated to determine the effect of the program on rates of AAEs in
treatment and control arms. However, the intervention might have
already been available to some members of the study population
as part of usual care. The comparison of the rates in the treatment
and the control arms estimates the effect of the program compared
with no program or usual care. Such a lack of compliance in an
RCT or the number of dropouts in an observational study parallels
the situation in the community where not all enrollees necessarily
participated, received, or completed the intervention (30,31).

Two key challenges in using results of RCTs or other studies to
estimate events prevented in a community are generalizability and
transportability. Researchers distinguish between these 2 related
concepts by using the term “generalizability” when study groups

are selected from the community of interest and the term “trans-
portability” when the study groups are not selected from the com-
munity of interest. In our context, transportability concerns the ex-
tent to which rates and effects from the selected studies can be
used directly or with certain transport equations (32,33) to estim-
ate effects in the community of interest. Pearl and Bareinboim ar-
gued in 2014 that the issues that determine whether and how to
transport effect estimates are causal issues that reflect differences
between populations and the mechanisms by which effects occur,
rather than just differences in statistical distributions (32). In a the-
oretic approach and building on extensive work in causal infer-
ence, they formally represented causal relationships in “selection
diagrams” and offered several transport formulas and guidance on
when they apply to account for types of differences (32). Several
other methods have recently been developed for transporting es-
timates from RCTs and other studies to a population of interest
(33–36). These techniques often require information on certain
covariate-specific effects (effect modifiers) and the covariate dis-
tribution in the population of interest. One study used in our ana-
lysis assessed effect modification and allowed us to illustrate our
approach in that context (20).

Emphasizing practical considerations, Spiegelman et al argued that
the choice of effect measure (eg, rate ratio or rate difference) for
analyzing studies should be driven by model fit (16,18,37). They
also cited anecdotal evidence to suggest that a rate ratio or risk ra-
tio model might often fit well (16). They suggested transforming
the effect measure to the scale of public health interest and stand-
ardizing to the distribution of risk factors (effect modifiers) in the
population of interest. They cautioned that the required distribu-
tions of risk factors could be unavailable, consistent with the
paucity of such information that we found.

Consistent with Spiegelman et al (18), we used a ratio scale for ef-
fect estimates. The validity of our estimates depends on the as-
sumption that the causal effect in the population of interest, when
measured on the ratio scale ( ), is reasonably approx-
imated by the effect estimate  from an RCT. Considera-
tions for selection of studies that could make the assumption more
plausible include the following: evaluation of the same interven-
tion, similarity of the study population and community of interest
with respect to baseline levels of asthma intervention, asthma
severity, access to care, socioeconomic levels, health insurance,
and demographic characteristics. One should also consider the ex-
istence and distribution of important effect modifiers. Similarity of
baseline rates might also be considered, but it is not necessary if
effects are not heterogeneous on the chosen scale (eg, ratio).
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Limitations

We found only 1 RCT for strategy X (29) and no RCTs met our
selection criteria separately for strategy H or for strategy E2. Fur-
thermore, certain combinations of strategies have been recommen-
ded. For example, strategies A and E1 together and A, E1, and H
together were recommended as part of a stepwise approach for
children according to levels of asthma control (38), but we found
only 1 RCT for the strategies A and E1 together, making it diffi-
cult to evaluate the effect of this combination (27). In addition, the
characteristics of the study populations in the RCTs included in
our analysis differed in terms of race and ethnicity, age, asthma
severity, and urbanicity. Some populations were not well represen-
ted in the selected RCTs. For example, only 1 RCT (14) focused
on a rural population and only one (21) evaluated effect modifica-
tion, which can be important for estimating effects in the com-
munity. Although we illustrated our methods by using RCTs, our
approach can be used with other study designs that provide valid
effect estimates for these strategies, combinations of strategies, ef-
fect modifications, and population subgroups.

Conclusion

Expanding access to the evidence-based EXHALE strategies can
contribute to reducing the number of asthma-related ED visits and
hospitalizations. The method we illustrated draws on the best
available evidence from RCTs to estimate effects on rates of
AAEs in a community that result from expanding access to an EX-
HALE strategy. This method can be used to calculate the anticip-
ated effects of future asthma interventions or to calculate the ef-
fects of programs that have been implemented. Public health prac-
titioners can use the method outlined in this article and the current
base of RCT literature in their planning and evaluation of interven-
tions toward the overall goal of reducing the number of asthma
deaths.
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Tables

Table 1. Notation and Assumptions Used to Estimate the Effect of an Intervention on the Community

Notation Explanation or comment

ΔEvents Expected change in number of asthma adverse events;
(a negative value indicates expected prevention of these events)

Rate ratio comparing adverse event rate in treatment arm (RateT) with control arm
(RateC)

Ratep Adverse event rate in those offered the intervention in the community (the
population of interest)

Adverse event rate in those not offered the intervention in the community

Counterfactual adverse event rate among those in the community offered the
intervention if (contrary to fact) they had not been offered it

Assumptions Stated quantitatively

1. RCT is well-designed, conducted, and analyzed  estimates the causal effect of the program in the RCT (study population)

2. Asthma intervention offered to enrollees was similar to the intervention
evaluated in the RCT

Relevance

3. The effect in the RCT validly estimates the effect among those in the
community who were offered the program

; if the baseline rate ratio for the comparison group vs the
intervention group was available, then we used the ratio of rate ratios to correct
for baseline differences

4a. Ratep is observed The rate in community enrollees directly observed

4b. Counterfactual rate  (if the intervention were not offered) can be estimated
by an observed rate , such as rates in those in the rest of the community
(nonparticipants or those not offered the intervention)

4c. Can estimate number of events expected in the community if the program
had not been implemented

If value for events can be estimated based on numbers in a prior year, then this
number can be used in equation

Abbreviation: RCT, randomized control trial.
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Table 2. Characteristics of RCT Studies of Children With Asthma Published Since 2000 in North America

Study
EXHALE
strategya Intervention

Demographic
characteristics

Asthma
severity Baseline ratesb Years of study Location(s)

Atherly et al
(12), 2009

Education on
asthma self-
management

School-based
asthma education
(three 90-min
educational
sessions)

N = 524; grades
6–12; 51% male;
race and ethnicity
not reported

Not reported Hospital: control =
0.4, intervention =
0.3

2003–2004 Kansas City, Kansas; Stafford/
Fredericksburg, Virginia

Bender et al
(11), 2015

Achievement of
guidelines-based
medical
management

Speech recognition
telephone calls for
inhaled
corticosteroid refill

N = 899; aged
3–12 y; 64% male;
56% White, 14%
Black, 25% Hispanic

Persistent
asthma
diagnosis

ED: control = 0.1,
intervention = 0.1;
Hospital: control =
0.04, Intervention
= 0.04

2009–2013 Kaiser Permanente Colorado

Brown et al
(21), 2006c

Education on
asthma self-
management

Asthma education
delivered by trained
asthma nurse-
educator

N = 239; aged <18
y; 46% male; 30%
Black, 59% White,
11% Other

56% Moderate
to severe
persistent

Not reported (ED) 2004 Community hospital in Grand
Rapids, MI

Bruzzese et al
(20), 2011

Education on
asthma self-
management

School-based
intervention for
asthma self-
management

N = 345; grades
9–10; 30% male;
46% Hispanic, 38%
Black, 16% Other

Moderate to
severe
persistent

ED: control = 1.9,
intervention = 1.8;
Hospital: control =
0.2, intervention =
0.2

2001–2004 New York City

Cabana and
Thyne (22),
2006

Achievement of
guidelines-based
medical
management

Continuing medical
education program
for physicians

N = 870; aged
2–12 y; 65% male;
race and ethnicity
not reported

37% Persistent ED: control = 0.7,
intervention = 0.9;
Hospital: control =
0.1, intervention =
0.1

2001–2003 10 US regions

Cowie et al
(23), 2002

Education on
asthma self-
management

Education on
asthma
management

N = 62; aged
15–20 y; 29% male;
race and ethnicity
not reported

Severe ED: control = 3.0,
intervention = 3.2;
Hospital: control =
0.3, intervention =
0.2

Not reported Calgary, Alberta

Farber et al
(24), 2004

Education on
asthma self-
management

Asthma education
provided in
emergency
department

N = 56; aged 2–18
y; sex not reported;
predominantly Black

Poorly
controlled

Not reported
(hospital or ED)

Not reported New Orleans, Louisiana

Gorelick et al
(25), 2006

Education on
asthma self-
management

Primary care linkage
and initiation of
asthma case
management

N = 352; aged
2–17 y; 66% male;
69% Black, 21%
White, 8% Latino

70% Persistent Not reported (ED) 2003–2004 Children’s Hospital of
Wisconsin, Milwaukee,
Wisconsin

Halterman et
al (26), 2004

Achievement of
guidelines-based
medical
management

School-based care N = 180; aged 3–7
y; 63% male; 59%
Black, 12% White,
32% Hispanic, 29%
Other

Mild persistent
to severe
persistent

Hospital: control =
0.3, intervention =
0.5

2000–2002 Rochester, New York

Harish et al
(13), 2001

Education on
asthma self-
management

Asthma care in
specialty clinic (3
visits including
medical and
environmental
control, education,
close monitoring,

N = 129; aged
2–17; sex not
reported; majority
Hispanic and Black

Not reported
(patients
treated at
pediatric ED)

Hospital: control =
0.4, intervention =
0.4

1994–1995 Bronx Lebanon Hospital,
South Bronx, New York

Abbreviation: ED, emergency department; ETS, environmental tobacco smoke; NAEPP, National Asthma Education and Prevention Program; RCT, randomized con-
trolled trial.
a EXHALE comprises a set of 6 strategies that contribute to asthma control: 1) education on asthma self-management, 2) extinguishing smoking and exposure to
secondhand smoke, 3) home visits for trigger reduction and asthma self-management education, 4) achievement of guidelines-based medical management, 5)
linkages and coordination of care across settings, and 6) environmental practices to reduce asthma triggers from indoor, outdoor, or occupational settings (4).
b Estimated incidence rate (per person per year).
c Study population included adults and children.
d Compared baseline rates with post-study rates for a single intervention arm.

(continued on next page)
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(continued)

Table 2. Characteristics of RCT Studies of Children With Asthma Published Since 2000 in North America

Study
EXHALE
strategya Intervention

Demographic
characteristics

Asthma
severity Baseline ratesb Years of study Location(s)

and 24-h
availability)

Horner et al
(14), 2016

Education on
asthma self-
management

School-based
asthma class

N = 196; grades
2–5; 65% male;
17% White; 58%
Hispanic; 25% Black

Any asthma
diagnosis

Hospital: control =
0.3, intervention =
0.3

Not reported Texas

Kattan et al
(15), 2006

Achievement of
guidelines-based
medical
management

Computer-
generated letters to
medical providers

N = 937; aged
5–11 y; 62% male;
40% Hispanic, 40%
Black, 7% White

Moderate to
severe

ED: control = 3.0,
intervention = 3.0

Not reported 7 US urban areas

Szefler et al
(28), 2008d

Achievement of
guidelines-based
medical
management

Asthma
management
program (treatment
based on NAEPP
guidelines)

N = 546; aged
12–20 y; 53% male;
64% Black, 23%
Hispanic, 14% Other
or mixed

Persistent Hospital: control =
not reported,
intervention = 0.2

2004–2005 Ten centers (multi-city)

Teach et al
(27), 2006

Education on
asthma self-
management,
achievement of
guidelines-based
medical
management,
home visits, and
linkages

Follow-up clinic visit
(asthma self-
monitoring and
management,
environmental
modification,
linkages, and
referrals)

N = 488; aged
1–17 y; 63.9%
male; 86% Black,
9% Hispanic

16% Severe
persistent,
14% moderate
persistent

ED: control = 2.4,
intervention = 2.7

2002–2004 Children’s National Medical
Center, Washington, DC

Wilson et al
(29), 2001

Extinguishing
smoking

ETS exposure-
reduction
(behaviorally based
counseling
sessions)

N = 87; aged 3–12
y; 51% male; 36%
White, 38% Black,
44% Hispanic

43% moderate,
44% mild

Not reported (ED
and hospital)

Not reported Valley Children’s Hospital,
Fresno County, California

Abbreviation: ED, emergency department; ETS, environmental tobacco smoke; NAEPP, National Asthma Education and Prevention Program; RCT, randomized con-
trolled trial.
a EXHALE comprises a set of 6 strategies that contribute to asthma control: 1) education on asthma self-management, 2) extinguishing smoking and exposure to
secondhand smoke, 3) home visits for trigger reduction and asthma self-management education, 4) achievement of guidelines-based medical management, 5)
linkages and coordination of care across settings, and 6) environmental practices to reduce asthma triggers from indoor, outdoor, or occupational settings (4).
b Estimated incidence rate (per person per year).
c Study population included adults and children.
d Compared baseline rates with post-study rates for a single intervention arm.
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Table 3A. Projected Number of Asthma-Related ED Visits Prevented in Population of Interest (Children With Asthma), by RCT Study and Intervention Type, Assuming
20,540a ED Visits Annually Before Program Implementation

EXHALE strategyb RCT study
Estimated effect, 
(95% CI)c

Proportion of population of
interest where intervention
was offered, Pr d

Estimated no. of ED visits
prevented by interventione

Education on asthma self-
management

Brown et al (21), 2006 0.60 (0.54 to 0.66) 0.20 1,643 (1,397 to 1,890)

Bruzzese et al (20), 2011 0.47 (0.45 to 0.49) 0.20 2,177 (2,095 to 2259)

Cowie et al (23), 2002 0.61 (0.51 to 0.72) 0.20 1,602 (1,150 to 2,013)

Farber et al (24), 2004 0.88 (0.56 to 1.36) 0.20 493 (−1,479 to 1,808)

Gorelick et al (25), 2006 0.97 (0.85 to 1.10) 0.20 123 (−411 to 616)

Achievement of guidelines-
based medical management

Bender et al (11), 2015 1.50 (1.14 to 1.98) 0.15 −1,541f (−3,019 to 431)

Kattan et al (15), 2006 0.76 (0.75 to 0.77) 0.15 739 (709 to 770)

Cabana and Thyne (22), 2006 0.69 (0.66 to 0.72) 0.15 955 (863 to 1,048)

Extinguishing smoking Wilson et al (29), 2001 0.64 (0.50 to 0.81) 0.07 518 (273 to 719)

Education on asthma self-
management, achievement
of guidelines-based medical
management, home visits,
and linkages

Teach et al (27), 2006 0.47 (0.46 to 0.48) 0.025 272 (267 to 277)

Abbreviations: ED, emergency department; RCT, randomized control trial; RR, rate ratio.
a Estimated number from Los Angeles County, California (19).
b EXHALE comprises 6 strategies that contribute to asthma control: 1) education on asthma self-management, 2) extinguishing smoking and exposure to second-
hand smoke, 3) home visits for trigger reduction and asthma self-management education, 4) achievement of guidelines-based medical management, 5) linkages
and coordination of care across settings, and 6) environmental practices to reduce asthma triggers from indoor, outdoor, or occupational settings (4).
c RRs were calculated from group-specific (ie, control and intervention) ED rates provided by each RCT. For studies reporting risks, we estimated the group-specific
rates before calculating the estimated study RR.
d Estimates are for illustrative purposes only. Parameter Pr depends on the scale of the intervention.
e Numbers in parentheses were calculated by using the upper and lower bound of the 95% CIs for .
f Negative number for prevented ED visits reflects an RR >1 and that the intervention was associated with an increase in ED visits.
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Table 3B. Projected Number of Asthma-Related Hospitalizations Prevented in Population of Interest (Children With Asthma), by RCT Study and Intervention Type, As-
suming 2,639a Hospitalizations Annually Before Program Implementation

EXHALE strategyb RCT study
Estimated effect 
(95% CI)c

Proportion of population of
interest where intervention
was offered, Pr d

Estimated no. of hospitalizations
prevented by interventione

Education on asthma self-
management

Bruzzese et al (20), 2011 0.21 (0.14 to 0.30) 0.20 417 (369 to 454)

Cowie et al (23), 2002 0.13 (0 to 15.78)f 0.20 459 (−7,801 to 528)

Farber et al (24), 2004 5.95 (0.06 to 632.2)f 0.20 −2,613g (−33,3147 to 496)

Harish et al (13), 2001 1.63 (0.83 to 3.23) 0.20 −333g (−1,177 to 90)

Horner et al (14), 2016 0.41 (0.13 to 1.28) 0.20 311 (−148 to 459)

Atherly et al (12), 2009 0.88 (0.26 to 2.99) 0.20 63 (−1,050 to 391)

Achievement of guidelines-
based medical management

Bender et al (11), 2015 0.50 (0.21 to 1.19) 0.15 198 (−75 to 313)

Szefler et al (28), 2008 0.26 (0.21 to 0.33) 0.15 293 (265 to 313)

Halterman et al (26), 2004 0.31 (0.08 to 1.16) 0.15 273 (−63 to 364)

Cabana and Thyne (22), 2006 0.73 (0.60 to 0.91) 0.15 107 (36 to 158)

Extinguishing smoking Wilson et al (29), 2001 0.42 (0.16 to 1.07) 0.07 107 (−13 to 155)
a Estimated number of asthma hospitalizations in Los Angeles County, California (19).
b EXHALE comprises a set of 6 strategies that contribute to asthma control: 1) education on asthma self-management, 2) extinguishing smoking and exposure to
secondhand smoke, 3) home visits for trigger reduction and asthma self-management education, 4) achievement of guidelines-based medical management, 5)
linkages and coordination of care across settings, and 6) environmental practices to reduce asthma triggers from indoor, outdoor, or occupational settings (4).
c Rate ratios were calculated from group-specific (ie, control and intervention) ED rates provided by each RCT study. For studies reporting risks, we first estimated
the group-specific rates before calculating the estimated study risk ratio.
d These estimates are for illustrative purposes only. Parameter Pr depends on the scale of the intervention.
e Numbers in parentheses were calculated by using the upper and lower bound of the 95% CIs for .
f Zero hospitalizations were reported in the intervention group in study by Cowie et al in 2002 (23) and for the control group in Farber et al in 2004 (24). For the

 calculation, we used 0.5 hospitalizations for number of events for these groups (in place of zero).
g Negative number for prevented hospitalizations reflects an RR >1 and that the intervention was associated with an increase in hospitalizations.
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