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The burden of asthma in the United States
remains high—nearly 7 million children
currently have asthma (9.5% of all children).1,2 Most have asthma that is not well
controlled.3
Asthma self-management support is effective
in improving asthma control.4---8 However,
many children with asthma and their caretakers do not effectively practice selfmanagement.9,10 Barriers to self-management
include lack of knowledge and skills, difﬁculties
in accessing asthma education, and lack of
resources to reduce exposure to triggers and
implement other self-management tasks. One
effective approach to address these barriers is
the provision of self-management support in
the home.11,12
Despite compelling evidence of effectiveness, home-based asthma self-management
support is not widely available. A major obstacle to wider implementation is the lack
of reimbursement by health care payers,
who seek additional evidence of the costeffectiveness and return on investment (ROI) of
home visits.
The King County Asthma Program in Seattle, Washington, developed a community
health worker (CHW) home visit program
(Healthy Homes) and demonstrated its effectiveness.12,13 We designed a streamlined version of the program that was simpler and cost
less to implement to facilitate broad dissemination and adoption. Here we reported on the
effectiveness, cost-effectiveness, and ROI of
a streamlined Healthy Homes program.

METHODS
We used a randomized parallel group design
to test the hypotheses that a simpliﬁed version
of our Healthy Homes program would reduce
urgent medical care, improve asthma-related
quality of life and symptom-free days, generate
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Objectives. We sought to estimate the return on investment of a streamlined
version of an evidence-based community health worker (CHW) asthma home
visit program.
Methods. We used a randomized parallel group trial of home visits by CHWs to
Medicaid-enrolled children with uncontrolled asthma versus usual care.
Results. A total of 373 participants enrolled in the study (182 in the intervention
group and 191 in the control group, of whom 154 and 179, respectively,
completed the study). The intervention group had greater improvements in
asthma symptom–free days (2.10 days more over 2 weeks; 95% CI = 1.17, 3.05;
P < .001) and caretakers’ quality of life (0.43 units more; 95% CI = 0.20, 0.66;
P < .001) and a larger reduction in urgent health care utilization events (1.31
events fewer over 12 months; 95% CI = –2.10, –0.52; P = .001). The intervention
arm compared with the control arm saved $1340.92 for the $707.04 additional
costs invested for the average participant. The return on investment was 1.90.
Conclusions. A streamlined CHW asthma home visit program for children with
uncontrolled asthma improved health outcomes and yielded a return on investment of 1.90. (Am J Public Health. 2015;105:2366–2372. doi:10.2105/AJPH.
2015.302685)

a positive ROI relative to usual care, and be
cost-effective.

Participants
Eligibility criteria for the study were as
follows: children aged 3 to 17 years who (1)
lived in King County with provider-diagnosed
asthma that was either not well controlled or
very poorly controlled, (2) were enrolled in 1
of 2 Medicaid plans (that together enroll 71%
of all Medicaid-covered children in King
County), and (3) had a caretaker conversant in
either English or Spanish. Not well-controlled
or very poorly controlled asthma was deﬁned
by the National Asthma Education and Prevention Program’s (NAEPP’s) “expert panel
report 3”6 impairment and risk criteria (except
spirometry).
With a population of 1.9 million, King
County is the 13th largest county in population
in the United States; 12.5% live in households
with incomes less than 200% of the federal
poverty level, and nearly half of all children
are non-White. The childhood prevalence for

current asthma, averaged from 2009 to 2013,
was 7%. The prevalence rates for African
Americans and Asians were higher than the
rate for Whites.14
We excluded potential participants if they
planned to move out of King County within the
next year or lacked permanent housing, were
enrolled in another asthma study within the
past 3 years, had another serious medical
condition (e.g., sickle cell disease or cystic
ﬁbrosis), or were participating in another
asthma study; if the caretaker had a mental or
physical disability that made participation impossible; or if the home appeared to be unsafe
for CHW visitation.
We recruited participants using lists provided by the Medicaid health plans (1378) or
from provider referrals (184). Assent of the
child and informed consent of 1 parent or legal
guardian were obtained.

Data Collection
Baseline data were collected on a rolling
basis in the participant’s home before
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randomization between May 2010 and October 2011. A CHW other than the one who
provided the intervention collected exit data 1
year later upon study completion (between
May 2011 and October 2012). Participants
received a $10 incentive for completing baseline data collection and $35 for completing
exit data collection.

Intervention
We implemented a streamlined version of
the home visit program developed through our
previous home visit research studies.12,13 Modiﬁcations included reducing the number of
visits from 5---7 to 4, allowing for up to 2
telephone contacts in lieu of home visits,
compressing visits into a shorter time frame,
reducing the duration of visits, tailoring the
intervention to the topics most relevant to each
participant using motivational interviewing
methods,15 using exposure alone rather than
exposure and allergic sensitization to tailor
trigger reduction activities (because of low
participation in allergy testing in prior projects),
and simplifying coordination with health care
providers.
For each household in the intervention
group, a CHW provided education, support,
and service coordination. The CHW made an
initial visit to assess the participant’s knowledge
of asthma, asthma control level, challenges with
controlling asthma, self-management practices,
and exposure to asthma triggers, followed by
additional visits occurring 0.5, 1.5, and 3.5
months later. CHWs also provided as-needed
support via telephone, e-mail, or additional
home visits. Participants received a lowemission vacuum cleaner, cleaning supplies,
roach abatement supplies (if roaches were
present), and allergen-impermeable bedding
covers. The CHWs included children in the
home visit activities. Depending on the child’s
age, CHWs assessed asthma control based on
the child’s self-report, included the child in
asthma education, and offered coaching on
the correct use of asthma devices.
The CHWs followed protocols that speciﬁed
educational content, participant skill development, and participant and CHW actions.
Protocols, questionnaires, forms, and client
educational materials are available at http://
www.kingcounty.gov/healthservices/health/
chronic/asthma/resources/tools.aspx. Control

group participants received asthma education
and asthma control resources after their exit
interviews.

assigned participants to study groups. Blinding
was not possible because of the nature of the
intervention.

Outcome Measures

Statistical Methods for Analysis of
Outcomes

Primary prespeciﬁed outcomes were asthma
symptom---free days (self-reported number of
24-hour periods during the prior 2 weeks
without wheeze, tightness in chest, cough, or
shortness of breath; a decrease in usual
activities because of asthma; or nighttime
awakening because of asthma), Pediatric
Asthma Caregiver Quality of Life Scale score
(range = 1---7, with higher scores indicating
better quality of life, and a minimum clinically
important difference of 0.5 points), and selfreported asthma-related urgent health services
use during the last 12 months (emergency
department, hospital, or unscheduled clinic
visits). Secondary prespeciﬁed outcomes included asthma attack frequency (deﬁned as
a time when asthma symptoms were worse,
limiting activity more than usual or making you
seek medical care for your child), days with
rescue medication use, activity limited by
asthma, nights with symptoms, and asthma
control levels (as deﬁned by NAEPP6).

Sample Size
A group size of 154 participants (the number of intervention group participants completing the study) had 80% power, or 80%
probability of rejecting the null hypothesis
when the null hypothesis is false, to detect
differences of 1.38 symptom-free days, 0.36
points in the quality of life score, and 1.14
episodes of urgent health services use between
groups, with a set at .05, or 5% probability
of rejecting the null hypothesis when the null
is true.

Randomization and Blinding
We randomly assigned participants to
groups using a permuted block design with
varying block size. We stratiﬁed randomization
into 4 groups based on age (3---11 years and
12---17 years) and asthma-control level (not
well controlled or very poorly controlled),
respectively.
Sequence numbers and group allocation
were concealed in sealed, opaque, numbered
envelopes that were centrally prepared and
sequentially provided to the CHWs, who
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We examined baseline differences across
groups with the t or v2 test and used paired t
and McNemar tests for assessing within-group
baseline-to-exit changes. For evaluating intervention effects, we used multivariable linear
regression and logistic regression for continuous and binary outcome variables, respectively,
with the robust option for estimating standard
errors using the Huber---White sandwich estimators.16 The regression models controlled for
the baseline value of the outcome variable and
prespeciﬁed demographic covariates: age, gender, race/ethnicity (White, Black, Hispanic, and
Other), and education level. Because the distributions of the 2-week outcome variables
(e.g., symptom days) were not normal (they
clustered at 0 and 14), we used negative binomial regression to conﬁrm the results of
linear models. We used linktest in Stata version
13 (StataCorp LP, College Station, TX) to
examine the speciﬁcations of each model. We
tested for the presence of modiﬁcation of the
intervention effect by age, gender, education,
and race/ethnicity using separate regression
models that included an interaction term and
considered an interaction signiﬁcant if the P
value of the interaction term was < .05.
Analyses were performed on an intention to
treat basis. We performed a complete case and
multiple imputation analysis for each outcome.17 The complete case analysis included
only participants for whom baseline and exit
data were available. We used multiple imputation to generate missing exit values of outcome variables for the 40 participants who did
not complete the study. The imputation models
included baseline outcome variable, age, gender, and race/ethnicity. All analyses were
performed using Stata version 13 and were
2-tailed.

Economic Analysis
We estimated intervention costs by using
a simple cost allocation method that sums ﬁxed
and variable costs for program implementation
while excluding costs of research and development. Wage rates were based on actual
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salaries and beneﬁts. Other costs (e.g., administrative, logistical, participant resources, and
training) were valued at actual cost. The
estimated cost for each home visit was
$205.20. Both study arms had baseline and
exit interview home visits, whereas the intervention arm included 3 additional home
visits. Both study arms received $210 worth
of asthma control supplies. Health care costs
were computed for each participant using
unit costs and utilization. The average unit
costs for hospital stays (mean = $8030),
emergency department visits (mean = $330),
and physician visits (mean = $151) were derived from a large medical and pharmacy
claims database of children on Medicaid aged
3 to 17 years (PharMetrics Integrated Outcomes Database). Medication unit costs were
estimated from Costco’s pharmacy prices.18
Utilization was based on self-reported health
care and medication use with 12 months of
recall. Return on investment was estimated as
the costs saved associated with the intervention divided by the costs of the intervention
itself.

Sensitivity analyses were conducted to test
the impact of inﬂuential unit costs and average
resource utilization estimates. Under scenarios
where the intervention cost more than the
control but also was shown to be more effective, a cost-effectiveness ratio was estimated
to display additional costs per additional
symptom-free day. In this case, because
symptom-free days were measured over the
course of 14 days but costs were measured
over the entire 12-month study duration, we
prorated costs to a 14-day time period. Bootstrap resampling with replacement methods
were used to estimate the likelihood that
the intervention reduced costs. All unit costs
were in 2012 US dollars.

RESULTS
Of 1234 potential participants we attempted
to contact, 542 were reached and assessed for
eligibility, 488 were not reachable (disconnected phone, no answer, busy, or wrong
number), and 204 were reached but refused
phone screening. Of the 542 who were

Enrollment

assessed for eligibility, 373 were eligible and
enrolled (Figure 1).
Of the 373 enrolled participants, 182
were randomized to the intervention group
and 191 to the control group, and 154
(84.6%) and 179 (93.7%), respectively,
completed the study (Figure 1). Of the 40
who did not complete the study, 24 were lost
to follow-up, 10 moved out of the county,
4 refused to continue, and 2 had other
reasons. Those who did not complete the
study were similar to those who did with
respect to the baseline characteristics listed
in Table 1 with the following exceptions:
the noncompleters were more likely to be
renters (97.5% vs 79.5%), had lower scores
on the caretaker’s quality of life (4.31 vs
4.99), and had more emergency department
visits (2.75 vs 1.72).
Of the 182 participants in the intervention
group, 3 did not receive any CHW home
visits after the initial visit (1.6%), 5 received
1 visit (2.7%), 3 (1.6%) received 2 visits,
159 (87.4%) received 3 visits, and 12 (6.6%)
received 4 visits.

Assessed for eligibility (n = 542)
Excluded (n = 169)
 Not meeting inclusion criteria (n = 144)
 Declined to participate (n = 4)
 Scheduling problems (n = 21)
Randomized (n = 373)

Allocation
Allocated to intervention group (n = 182)
 Received allocated intervention (n = 179)
 Did not receive allocated intervention (n = 3)

Allocated to control group (n = 191)

Follow-Up
Lost to follow-up (n = 16)
Discontinued participation (n = 12)

Lost to follow-up (n = 8)
Discontinued participation (n = 4)

Analysis
Analysed:
n = 154 in the complete case analysis
n = 182 in the multiple imputation analysis

Analysed:
n = 179 in the complete case analysis
n = 191 in the multiple imputation analysis

FIGURE 1—Consort flow diagram.
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Primary Clinical Outcomes
TABLE 1—Baseline Comparison Between Groups
Baseline Demographics and Clinical Characteristics

Control

CHW

Total

No.

191

182

373

Child’s age, y, mean

8.4

8.2

8.3

27.7

28.6

28.2

Child’s age, y, %
3–5

35.6

33.0

34.3

10–12
13–17

22.0
14.7

25.3
13.2

23.6
13.9

42.4

39.0

40.8

Non-Hispanic White

10.5

7.1

8.8

Non-Hispanic Black

15.3

Child’s race/ethnicity, %
16.2

14.3

5.2

4.4

4.8

Non-Hispanic multiracial

6.3

4.4

5.4

2.6
59.2

4.4
65.4

3.5
62.2

49.7

42.9

46.4

Caretaker’s language, %
English
Spanish
Caretaker rents home (vs owns), %

.183
50.3

57.1

53.6

78.4

84.6

81.5

Caretaker’s education, %
< high school

38.9

45.9

42.3

High school graduate
Some college

23.7
26.3

23.2
23.8

23.5
25.1

College graduate

11.1

7.2

9.2

6.3

3.3

4.8

Not well controlled

47.1

47.3

47.2

Very poorly controlled

46.6

49.5

48.0

6.7
5.0

6.4
4.8

6.6
4.9

Asthma control level, %
Well controlled

.504
.612

Non-Hispanic Asian/PI
Non-Hispanic other
Hispanic, any race

.628
.852

6–9

Child’s gender, % female

P

.124

Secondary Clinical Outcomes

.422

Secondary outcomes generally improved
in both groups (Table 3), with the exception
of the number of asthma episodes per 3
months which did not decrease in the
control group. Most outcomes improved
signiﬁcantly more in the intervention group
relative to the control group: nights with
symptoms per 2 weeks (decreased 1.1 nights
more), days with activity limitation per 2
weeks (decreased 0.6 days more), days
using rescue medications per 2 weeks (decreased 1.7 days more), and proportion with
well-controlled asthma (increased 3.3-fold
more).

.391

Main outcome variables, mean
Asthma symptom-free days per 2 wk
Asthma-related quality-of-life score

.432
.163

Health care utilization during past year, mean
Hospitalization

0.58

0.65

0.61

.674

Emergency department

1.65

1.90

1.77

.687

Urgent clinic visit

2.52

2.97

2.73

.354

Note. CHW = community health worker intervention arm; PI = Pacific Islander. P values were generated from the t test for
differences in means and the v2 test for differences in categorical variables. For asthma symptom–free days, asthma-related
quality-of-life score, and the health care utilization variables, we also performed a nonparametric Kruskal–Wallis rank test.
The P values were similar to those obtained from the t test and are not statistically significant.

The study groups were well balanced
(Table 1). Participants were mostly younger
than 13 years (86.1%) and predominantly
male (59.2%) and Hispanic (62.2%). The
burden of asthma was high, with nearly half
(48.0%) having very poorly controlled
asthma and only 6.6 days free of symptoms
over 2 weeks. Urgent health care utilization

was common, with an average of 0.61
hospitalizations, 1.77 emergency department visits, and 2.73 urgent clinic visits per
12 months. Among the participants’ caretakers, 65.8% had a high school or lower
level of education, 53.6% used Spanish as
their primary language, and 81.5% were
renters.
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Outcomes improved in both groups (Table
2). In the completed case analysis, the intervention group had signiﬁcantly greater
improvements in asthma symptom---free days
(2.1 days more over 2 weeks) and caretakers’
quality-of-life scores (0.4 units more) compared
with the control group. The intervention group
also experienced a reduction in urgent health
care utilization events (1.3 visits fewer over
12 months). Multiple imputation analysis
yielded similar results.
The intervention was signiﬁcantly more
effective among caretakers with less than a high
school education compared with those with
a college degree. For quality of life, the difference across study groups was 0.9 points greater
(P = .034) among those with less education;
for symptom-free days it was 3.7 days
greater (P = .039). No other interactions
were signiﬁcant.

Economic Analysis
Given annual cost savings (mainly from
larger reductions in hospitalizations within the
intervention arm), the intervention was expected to save $1340.92 for the $707.04
additional costs invested in the average patient
(Table 4). Thus, the intervention over 1 year
was estimated to cost $633.88 less per participant than the control group from the payer
perspective. The return on investment was
1.90 (or 190%). Bootstrap resampling
methods showed that the likelihood that the
intervention was cost saving was 68.2%
(95% CI = 65.3%, 71.1%). Because return
on investment was greater than 1, the
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TABLE 2—Intervention Effect for the Main Outcome Variables by Study Group
Intervention Group (n = 154/182)

Intervention Effect (Adjusted Model)a

Control Group (n = 179/191)

Base

Exitb

Δ (95% CI)

P

Base

Exit

Δ (95% CI)

P

Coefficient (95% CI)

P

Completers only

6.25

11.15

4.90 (3.95, 5.84)

< .001

6.88

9.08

2.20 (1.33, 3.07)

< .001

2.10 (1.17, 3.05)

< .001

Multiple imputation

6.37

10.93

4.56 (3.99, 5.12)

< .001

6.74

9.10

2.36 (1.77, 2.94)

< .001

1.80 (0.84, 2.76)

< .001

4.83
4.80

6.10
6.06

1.27 (1.03, 1.51)
1.26 (1.11, 1.42)

< .001
< .001

5.12
5.03

5.77
5.75

0.66 (0.45, 0.87)
0.72 (0.58, 0.87)

< .001
< .001

0.43 (0.20, 0.66)
0.38 (0.15, 0.61)

< .001
.001

Completers only

5.20

1.79

–3.41 (–4.45, –2.37)

< .001

4.94

3.07

–1.87 (–2.81, –0.93)

< .001

–1.31 (–2.10, –0.52)

.001

Multiple imputation

5.49

1.86

–3.64 (–4.49, –2.79)

< .001

4.94

3.04

–1.90 (–2.62, –1.18)

< .001

–1.24 (–2.03, –0.45)

.002

Main Outcomes
Symptom-free days in prior 2 wk

Quality of Life scorec
Completers only
Multiple imputation
Health care utilization in past yeard

Note. CI = confidence interval.
a
Regression-adjusted before and after differences between intervention and control groups controlling for age, gender, race/ethnicity (as White, Black, Hispanic, and other), and education level.
b
Time at which study completion data were collected (approximately 1 year after baseline).
c
Pediatric Asthma Caretaker Quality of Life score.
d
Sum of hospitalizations + emergency department visits (not leading to admission) + urgent clinic visits.

cost-effectiveness for this scenario was not
computed.
Notable sensitivity analyses on the costs
were as follows: (1) when no costs were

attributed to the control arm, the intervention
average total costs were $13.47 less than the
direct medical costs of the control group, and
(2) when 2 outliers who had more than 10

hospitalizations in the past year were removed
from the cost analysis, the intervention average
total costs were $1113.37 more than that
of the control group. When the 2 outliers were

TABLE 3—Intervention Effect for the Secondary Outcome Variables by Study Group
Intervention Group (n = 154/182)
Secondary Outcomes

Base

Exitb

Δ, 95% CI

Intervention Effect (Adjusted Model)a

Control Group (n = 179/191)
P

Base

Exit

Δ, 95% CI

P

Coefficient (95% CI)

P

Symptom nights per 2 wk
Completers only

3.19

1.08

–2.11 (–2.76, –1.46)

< .001

2.85

2.12

–0.74 (–1.28, –0.19)

.009

–1.09 (–1.70, –0.48)

< .001

Multiple imputation

3.24

1.17

–2.07 (–2.47, –1.67)

< .001

2.99

2.14

–0.86 (–1.25, –0.46)

< .001

–0.97 (–1.59, –0.35)

.002

Activity limitation days per 2 wk
Completers only

4.16

1.23

–2.93 (–3.70, –2.16)

< .001

3.39

1.80

–1.59 (–2.21, –0.97)

< .001

–0.64 (–1.27, –0.02)

.044

Multiple imputation

4.09

1.21

–2.89 (–3.43, –2.35)

< .001

3.47

1.81

–1.66 (–2.14, –1.19)

< .001

–0.63 (–1.25, –0.06)

.048

5.83
5.67

2.18
2.31

–3.65 (–4.64, –2.65)
–3.36 (3.99, –2.74)

< .001
< .001

4.78
4.96

3.73
3.73

–1.05 (–1.83, –0.27)
–1.26 (–1.84, –0.68)

.008
< .001

–1.70 (–2.59, –0.81)
–1.48 (–2.36, –0.60)

< .001
.001

Rescue medication use days per 2 wk
Completers only
Multiple imputation
Asthma episodes per 3 mo
Completers only

5.00

2.50

–2.50 (–4.71, –0.29)

.027

3.96

3.50

–0.46 (–1.73, 0.80)

.471

–0.99 (–2.67, 0.68)

.244

Multiple imputation

4.88

2.58

–2.31 (–3.81, –0.81)

.003

4.55

3.50

–1.06 (–2.28, 0.16)

.089

–0.84 (–2.41, 0.73)

.293

Completers only

3.25

48.05

44.81 (36.10, 53.51)

< .001

6.70

22.91

16.20 (8.87, 23.54)

< .001

3.33c (2.05, 5.40)

< .001

Multiple imputation

3.30

46.03

42.74 (40.54, 44.94)

< .001

6.28

23.47

17.19 (14.57, 19.81)

< .001

2.90c (1.78, 4.73)

< .001

Very poorly controlled (%)
Completers only

50.00

17.53

–32.47 (–42.96, –21.98)

< .001

45.25

24.02

–21.23 (–30.26, –12.19)

< .001

0.65c (0.37, 1.14)

.135

Multiple imputation

49.45

17.90

–31.55 (–38.20, –24.91)

< .001

46.60

23.94

–22.66 (–29.03, –16.30)

< .001

0.69c (0.39, 1.21)

.194

Well-controlled asthma (%)

Note. CI = confidence interval.
a
Regression-adjusted before and after differences between intervention and control groups controlling for age, gender, race/ethnicity (as White, Black, Hispanic, and Other), and education level.
b
Time at which study completion data were collected (approximately 1 year after baseline).
c
Odds ratios from a logistic regression model controlling for the same covariates.
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TABLE 4—Net Costs and Savings of Intervention Compared With Control

Cost Category
Hospitalization stays
Emergency department visits
Provider visits (total)

Intervention (Study
Period—Baseline
Period), $

Control (Study
Period—Baseline
Period), $

–4484.46

–3409.52

–1074.94

–306.69
–290.06

–282.31
–90.21

–24.38
–199.85

Oral steroid bursts

Net Intervention
Costs (Intervention –
Control) > $0, $

–1.69

–2.39

0.70

Controller medications

166.20

122.91

43.29

Reliever medications

–17.68

24.07

1.74

0.29

Allergy medications
CHW visit costs
Subtotal
Total savings per participant

1072 + 210

410.40 + 210

(supplies)

(supplies)

–3650.62

–3016.75

Net Intervention
Savings (Intervention –
Control) < $0, $

–41.75
1.45
661.60
707.04

–1340.92
–633.88

Note. CHW = community health worker.

removed, the expected costs were $42.66
higher for each 14-day period for the intervention group with an estimated cost per
symptom-free day of $20.31.

DISCUSSION
A streamlined community health worker
asthma home visit program for children with
uncontrolled asthma enrolled in Medicaid increased symptom-free days and caretaker
asthma-related quality of life and reduced
urgent health care utilization and costs. The
intervention economically dominated usual
care (i.e., less costly and more effective), and
the program yielded a return on investment of
1.90.
Home visits are an increasingly common
method of providing asthma self-management
support. Traditionally, such asthma education
has been provided in clinical settings by asthma
educators.4,5,19 However, many potential participants lack the time, resources, or interest
to attend classes or participate in preventive
asthma care visits where education is provided.
Home visits present an attractive alternative.
Our previous studies used more intensive
home visit protocols in which CHWs made
a mean of 5.5 to 7 visits12,13 compared with 5
visits in this study (including baseline and exit
interview visits). The initial enrollment visit
took 3 to 4 hours in prior studies versus 1 to
2 hours in this study. The outcomes of this

study compared favorably to those observed
in the prior studies, suggesting that the reduction in visit frequency and duration did not
lessen program effectiveness.
The outcomes achieved in this study were
comparable to those seen in other studies that
had a wide range of intervention intensities.11 A
meta-analysis of 20 studies reported that home
visits decreased asthma symptom days by
0.8 days per 2 weeks (range = 0.6---2.3 days).
The overall median improvement in the Juniper quality-of-life score in the 6 studies that
employed this measure was 0.4 points
(range = 0.02---1.41 points). The number of
urgent asthma care visits decreased by 0.57
visits per year (interquartile interval = 0.33--1.71). The frequency of home visits was quite
varied, ranging from 1 (3 studies), to 2 to 7
(15 studies), to 8 or more (5 studies). The extent
of environmental remediation was also heterogeneous, but most were of moderate intensity and similar to that used in this study.
Therefore, the beneﬁts observed in this study
were equal to or greater than those reported
in the meta-analysis, despite this study being
on the low end of the intervention intensity
spectrum.
The economic ﬁndings are also equal to or
more favorable than those reported in other
types of asthma educational interventions.20---22
A Boston, Massachhusetts, study found that an
educational intervention yielded a return on
investment of 1.33 that resulted from savings
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from emergency department visits and hospitalizations.18 A recent study on mobile health
care operations in underserved Californian
children with asthma found a higher return on
investment of 6.73 per dollar spent.4 However,
most of these cost savings resulted from the
valuing of quality-of-life improvements and
therefore were considered outside of the health
care payer perspective. A review of the costeffectiveness of asthma educational interventions found some that were cost saving
(with a return on investment >1.0), whereas
most cost more than their comparators.5
Strengths of this study included a randomized controlled trial design, adequate
sample size, use of clinically meaningful and
patient-centered outcomes, high level of
participant retention, use of multiple imputation methods to account for attrition, relatively low-intensity intervention that
should prove easy to replicate, and implementation in a population affected by
asthma health inequities.
Our conclusions were subject to several
limitations. We could not blind participants
to group assignment given the nature of the
intervention. Loss to follow-up could have biased results, but 89% of participants completed
the study, and we used multiple imputation
methods in our clinical analyses.
Resources were not sufﬁcient to permit
following up with participants after the completion of the study to assess the durability of
intervention effects. Other studies have shown
that beneﬁts from CHW home visit programs
continue after participation in the program
ends.13,23
Data on outcomes came from participant
self-reports. The use of self-reported symptoms
is a well-accepted measure and is recommended by the National Heart, Blood, and
Lung Institute and Agency for Health Care
Research and Quality Asthma Outcomes
Workshop as a core asthma outcome measure
in clinical research.24
The cost ﬁndings were sensitive to reported
hospital utilization. When the outliers were
removed from the cost analysis, the intervention no longer reduced costs. We recommend
that during the replication of this CHW intervention, administrative claims data be
analyzed to further reduce the uncertainty in
the cost ﬁndings.
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The ﬁndings should be generalizable to
low-income, predominantly minority children
with signiﬁcant asthma enrolled in Medicaid
health plans. Only 4 of 398 eligible caretakers
reached declined participation. However, it was
difﬁcult to reach all potentially eligible families,
suggesting the need for other approaches to
connect with harder-to-reach households.
Home visits by CHWs that provide selfmanagement support to children with asthma
and their caretakers are effective and provide
good value for their cost. They therefore
contribute to the triple aim of health care
reform—improving the experience of care for
individuals, improving the health of populations, and lowering per capita costs.25 Policymakers, health care delivery systems, and
health care payers implementing health reform
should make asthma home visits more widely
available. j
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