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ABSTRACT
Objective: To evaluate the costs and benefits of the Boston Children’s Hospital Community Asthma
Initiative (CAI) through reduction of Emergency Department (ED) visits and hospitalizations for the
full pilot-phase program participants.Methods: A cost-benefit analyses was conducted using hospital
administrative data to determine an adjusted Return on Investment (ROI): on all 268 patients enrolled
in the CAI program during the 33-month pilot program phase of CAI intervention between October 1,
2005 and June 30, 2008 using a comparison group of 818 patients from a similar cohort in neighbor-
ing ZIP codes without CAI intervention. Cost data through June 30, 2013 were used to examine cost
changes and calculate an adjusted ROI over a 5-year post-intervention period. Results: CAI patients
had a cost reduction greater than the comparison group of $1,216 in Year 1 (P = 0.001), $1,320 in Year 2
(P< 0.001), $1,132 (P= 0.002) in Year 3, $1,123 (P= 0.004) in Year 4, and $997 (P= 0.022) in Year 5. Adjust-
ing for the cost savings for the comparison group, the cost savings from the intervention resulted
in an adjusted ROI of 1.91 over 5 years. Conclusions: Community-based, multidisciplinary, coordinated
disease management programs can decrease the incidence of costly hospitalizations and ED visits
from asthma. An ROI of greater than one, as found in this cost analysis, supports the business case for
the provision of community-based asthma services as part of patient-centered medical homes and
Accountable Care Organizations.

Introduction

Pediatric asthma, one of the most common chronic ill-
nesses among children in the United States, has reached
historically high rates (9.5% for children under 18 years)
with large racial and ethnic disparities [1,2]. Nation-
ally, asthma is the fourth-ranking cause of hospitaliza-
tion among children [3–5]. In Massachusetts, an esti-
mated 168,163 (8.4%) children suffer from asthma [6].
A study under Pediatric Asthma Surveillance Program
for schools conducted by the Massachusetts Department
of Public Health during 2005–2008 revealed a 10.6% to
10.9% prevalence of asthma statewide among school chil-
dren, with Boston schools reporting a significantly higher
prevalence of 13.9% [7].

Asthma is the leading cause of hospitalization at
Boston Children’s Hospital (Boston Children’s) where
70% of children hospitalized for asthma come from
predominantly African American and Latino, low-
income neighborhoods adjacent to the hospital. Among
these neighborhoods, according to the Pediatric Asthma
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Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/ijas.

Surveillance in Massachusetts between 2005 and 2009,
the rate of asthma prevalence for children in Kinder-
garten through grade 8 from Roxbury was the highest,
while North and South Dorchester had the third- and
fourth-highest rates of asthma in Boston [7]. The asthma
hospitalization rate for children under the age of five in
Boston was higher for Black (14.3 per 1000) and Latino
(9.9 per 1000) children than for White children (2.8 per
1000) [8].

When accounting for the range of factors contribut-
ing to overall health, previous authors have calculated
that medical care contributes only 10–15% to the health
of populations with 30% to genetics, 60% to physi-
cal environment, social factors and individual behav-
ior [9]. These social determinants often have a nega-
tive impact on health, when individuals and families are
living in poverty: Substandard housing due to poverty
and/or racial bias in housing policy is a significant source
of asthma triggers, and people living in high-poverty
neighborhoods are more likely to be exposed to stressful

©  Taylor & Francis

http://dx.doi.org/10.1080/02770903.2016.1201837
mailto:urmi.bhaumik@childrens.harvard.edu
http://www.tandfonline.com/ijas


2 U. BHAUMIK ET AL.

conditions, such as unemployment, community violence
and failing schools [10]. Parents often lack the health lit-
eracy, resources or support to understand or adhere to
asthma controller medications or eliminate home envi-
ronmental triggers. Home visiting programs which utilize
Community Health Workers, such as CAI, provide addi-
tional education, resources and support in a setting where
parents and youth feel less rushed and more comfort-
able to review medications, ask questions, discuss health
beliefs, as well as financial and social barriers to asthma
control and receive remediation of home environmental
triggers [11].

To be cost-effective, interventions like the Commu-
nity Asthma Initiative (CAI) must be targeted to chil-
dren with higher asthma severity or higher social and
environmental needs [12]. Enrollment criteria for CAI
patients include: 1) patients with a hospital admission
or Emergency Department (ED) visit in the previous 12
months, 2) a prescription for oral corticosteroids in the
last 12 months or 3) referrals from specialty and pri-
mary care providers. Most patients come from neigh-
borhoods where poverty is high and housing conditions
are poor. The CAI provides nurse and/or Community
HealthWorkers (CHWs) home visits with tailored asthma
education, case management, education about medica-
tion adherence, and home environmental assessments
and remediation [13].

A number of previous studies demonstrate that
community-based case management and home visits can
have a significant impact on lowering morbidity among
children with asthma [14–24]. However, most of these
studies focus only on the health benefits arising from such
intervention rather than conducting a cost-benefit analy-
sis of comprehensive programs. In addition, most studies
do not use comparison groups to control for other fac-
tors that may account for some of the benefits. Two recent
studies have presented a cost-benefit analysis using a com-
parison group but with only one year of follow-up data
[25, 26].

In 2012, the health outcomes and cost analysis for
FY2006 CAI patients (N = 102) served during the first
full year of the program were published. Based on the
cost savings over 2 years after intervention an unadjusted
ROI of 1.46 was calculated from the intervention [27].
A subsequent adjusted cost analysis of the FY2006 CAI
patients after subtracting cost savings in a comparison
group with 3 years of follow-up data was published in
2013 and reported an adjusted ROI of 1.33 at 3 years after
intervention [28].

Our objective for our research was to extend previ-
ous cost analyses, which were only for patients served in
CY2006, to all patients recruited during the 33 months
of the pilot phase of the CAI program from October 1,

2005 to June 30, 2008 (N = 268). This will be compared
to the full-comparison group from the same time period
and adjacent ZIP codes (N = 818). An adjusted ROI will
be computed based on the higher cost reduction for the
intervention than the full-comparison group over 5 years
after enrollment/index date using data through June 30,
2013. The CAI patients will also be comparedwith a high-
cost subgroup, a subset of the full-comparison group of
patients, who had similar levels of asthma severity as the
intervention group at intake. The present analysis thus
extends the time frame from a 2-year to 5-year follow-up
period and also adds a comparison as well as a high cost
comparison group.

Methods

Study subjects

The intervention group consisted of 268 children enrolled
in theCAI programwhowere hospitalized at BostonChil-
dren’s due to asthma, or had asthma-related ED visits
between October 1, 2005 and June 30, 2008. Intervention
patients were identified from administrative lists of ED
visits and hospitalizations at Boston Children’s. The inter-
vention groupparticipantswere initially seen or contacted
by nurse case managers with subsequent nurse and/or
CHW home visits and case management with follow-up
phone calls for 1 year. PreviousGISmapping have demon-
strated that majority of CAI patients lived in a poverty
area (�20% of the population lives below the federal
poverty level) and lived in areas that are predominantly
Black or Hispanic [13].

The full-comparison group consisted of 818 children
ages 2–18 years from 4 neighboring ZIP codes with simi-
lar demographic characteristics as the CAI patients (areas
that are predominantly Black or Hispanic with �20%
population living below federal poverty levels), but who
did not receive CAI services. The full-comparison group
was selected based on similar criteria used for recruiting
CAI patients, and consisted of children with two or more
ED visits or hospitalizations at Boston Children’s due to
asthma between October 1, 2005 and September 30, 2006
and between October 1, 2007 and June 30, 2008. The 1-
year gap was chosen to avoid overlap between one year
back analyses and new patient selection. Since the full-
comparison group did not have an enrollment date, their
first ED visit or hospitalization at Boston Children’s dur-
ing the study period was chosen as their index date.

The severity and costs among the full-comparison
group patients were lower on average than those among
CAI patients. The baseline year per patient cost among
the full-comparison group was about 30% lower than that
for the CAI group, as some of the full-comparison group
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had fewer hospitalizations or EDvisits in the baseline year.
CAI patients are clinically triaged using disease sever-
ity, number of exacerbations and medications needed for
control of symptoms.

Nurses identified the patients most in need of ser-
vices. Most patients served were hospitalized or have
two or more ED visits, and are higher cost then the
full-comparison group patients. To complete a sensitiv-
ity analysis, a separate high-cost subgroup of the full-
comparison group with baseline costs in the same range
as the CAI patients was tracked to analyze differences in
the trend in costs. The similar severity high-cost subgroup
analysis included 230 patients who did not receive CAI
intervention and had at least one hospitalization or 2 ED
visits 1 year before inclusion in the study.

Study variables and outcomes

For the cost analysis, costs incurred through ED visits and
hospitalizations were used to determine health care cost
changes. For the intervention, full-comparison group, and
high-cost subgroup, cost savings were computed as the
difference in costs for ED visits and hospitalizations 1 year
before the enrollment/index date, and 5 years of follow-
up. The average annual clinical program cost incurred
for patients enrolled in the intervention program dur-
ing the study period was used as the cost of intervention.
Staff costs and cost of supplies (vacuums, bedding encase-
ment, integrated pest management materials, etc.) were
the main components of the program costs.

Two parameters, Net Present Value (NPV) and Return
on Investment (ROI) were used to quantify the net bene-
fits resulting from CAI services [29, 30]. An adjusted ROI
was used to examinewhether the investmentsmade under
CAI resulted in benefits that exceeded the investment cost
and to determine the extent of the total return on invest-
ment from the CAI intervention over time [31].

NPV = Present Value o f Cost Sav ings
−Present Value o f ProgramCosts

ROI = PresentValue o f Cost Sav ings /

Present Value o f ProgramCosts

Because the costs and benefits included in the analy-
sis accrued over a prolonged time period, the values were
made comparable by converting all future monthly val-
ues into their present value at the beginning of the study
period. To compute the net benefits an annual discount
rate of 10% was selected from the high end of a range
of discount rates generally used in health and social sec-
tor projects to determine the present values [32–34]. The
higher rate of 10% is selected to account for the higher

inflation in the health sector compared to the overall infla-
tion in the economy, and a positive return with such a
conservative estimate would ensure that positive returns
will be even higher using a lower discounting rate. As
the intervention and the comparison groups were stud-
ied during similar time periods, and inflation if any was
small during the period, no adjustments were made for
inflation.

The NPV and ROI were based on total costs including
hospitalization and ED visit costs from hospital admin-
istrative data for patients. The program cost incurred
for CAI patients was used as the cost of services. An
adjusted ROI was calculated after subtracting the cost
savings among the full-comparison group from the cost
savings from the CAI intervention group using a multi-
variable regression controlling for demographic variables.
This adjustment helped remove any reduction in costs
attributable to factors other than CAI intervention.

Data collection

Cost data for the intervention and comparison groups
were obtained from Boston Children’s Hospital’s admin-
istrative data. The hospital cost calculations included
expenses incurred by patient care departments such as
labor and supplies, aswell as overhead costs such as depre-
ciation and building costs; however, this neither included
physician costs submitted through provider foundations
nor pharmacy costs. The Boston Children’s Institutional
Review Board’s approval was obtained for this quality
improvement initiative to access hospital administrative
data and case management data for evaluation.

Statistical analysis

Demographic data among the intervention and compari-
son groups were compared using Chi-Square test for cat-
egorical variables and unpaired t-test for continuous vari-
ables. Paired t-tests were used to compare costs for within
group comparisons one year before intervention/index
date and 5 years after. Unpaired t-tests were used to com-
pare changes in cost savings for between group com-
parisons through 5 years after intervention. To account
for issues caused by non-normality of the data, non-
parametric counterpart of both unpaired and paired t-
tests were performed if data contained small cells. After
accounting for cost savings for the full-comparison group
five years after intervention, adjusted cost reduction per
patient was determined for the intervention group using
amultivariable regression analysis that controlled for gen-
der, age, race/ethnicity and insurance type.

The Cohen’s d was 0.4. With a significance level of
0.05, the power to detect cost changes caused by CAI



4 U. BHAUMIK ET AL.

Table . Demographics for CAI pilot phase and full comparison group patients.

I. Community Asthma
Initiative (N= ∗)

II. Full Comparison
(N= ∗)

P-value CAI and Full
Comparison (I vs II)

III. High Cost
Subgroup (N= ∗)

P-value CAI and High
Cost Subgroup (I vs III)

Age, mean in years (SD) . (.) . (.) . . (.) .
Gender
Male  (%)  (%) .  (%) .
Female  (%)  (%)  (%)

Insurance:
Medicaid/MassHealth  (%)  (%) .  (%) .
Private  (%)  (%)  (%)

Race/Ethnicity:
Hispanic  (%)  (%) .  (%) .
Non-Hispanic Black  (%)  (%)  (%)
Other  (%)  (%)  (%)

∗Percentages do not include missing data.

intervention was 93%. The statistical analyses were
completed using SPSS 19.0 software and were 2-tailed.

Results

Intervention and full-comparison groups cost
differences

There were no differences in age, gender, race/ethnicity,
and insurance type between the CAI group, the full-
comparison group, and the high-cost subgroup (Table 1).
Cost per patient analyses demonstrated a large reduction
in cost between pre-intervention and each of the 5 years
post-intervention for the intervention group (Table 2). In
contrast, the cost reduction per patient among the full-
comparison group between pre-index and each of the 5
years’ post-index date was less (Table 2). CAI patients had
a cost reduction greater than the full-comparison group
of $1,216 in Year 1 (P = 0.001), $1,320 in Year 2 (P <

0.001), $1,132 (P = 0.002) in Year 3, $1,123 (P = 0.004)

in Year 4, and $997 (P = 0.022) in Year 5 (Table 2). The
percentage reduction in costs 5 years’ post-intervention
was higher among CAI patients than among the full-
comparison group ‘(Table 2).

The changes in per patient encounters over 5 years’
post-intervention demonstrate that a larger reduction
in hospitalizations occurred among CAI patients than
among the full-comparison group (all P values for 5 years’
post-intervention < 0.001). In contrast, the per patient
ED encounter reductions over 5 years’ post-intervention
were similar across both CAI and full-comparison group
patients (all P values for 5 years’ post-intervention> 0.05)
(Figure 1).

Intervention and high-cost subgroup cost differences

The severity matched high-cost subgroup had a lower
per-patient cost reduction than the intervention group
(Figure 2). Subtracting the high-cost subgroup cost reduc-
tion from the CAI cost reduction, the CAI patients had

Table . CAI and full comparison group per patient costs (data from  to , with follow-up through ).

CAI per Patient Cost // to //

N=  Baseline Year Cost (− year) + Year Cost + Year Cost + Year Cost + Year Cost + Year Cost

$ , $ , $  $  $  $ 
Cost Reduction from Baseline
Year(P value)

$ ,(P< .) $ ,(P< .) $ ,(P< .) $,(P< .) $,(P< .)

% Cost Reduction % % % % %

Full Comparison Group per
Patient Cost

// to //

N=  Baseline Year Cost (− year) + Year Cost + Year Cost + Year Cost + Year Cost + Year Cost
$ , $ , $ , $ , $  $ 

Cost Reduction(P value) $ (P= .) $ (P= .) $ (P= .) $ ,(P< .) $ ,(P< .)
% Cost Reduction % % % % %

Difference between CAI and Full
Comparison Group per
Patient Cost

// to //

Adjusted Cost Reduction + Year Cost + Year Cost + Year Cost + Year Cost + Year Cost
CAI – Full Comparison Group(P
value)

$ ,(P= .) $ ,(P< .) $ ,(P= .) $ ,(P= .) $ (P< .)
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Figure . Hospitalizations and emergency department visits per patient for CAI and full comparison group patients for  years (data from
 to  with follow-up through ). Note. P values for reduction of Admission from baseline year for all  years of follow-up among
CAI patients were< .. P values for reduction of Admission from baseline year for all  years of follow-up among Full comparison group
patients were < .. P values for difference in reduction of Admission between CAI and Full comparison group patients from baseline
year for all  years of follow-up were < .. P values for reduction of ED visits from baseline year for all  years of follow-up among CAI
patients were < .. P values for reduction of ED visits from baseline year for all  years of follow-up among Full comparison group
patients were< .. P values for difference in reduction of ED between CAI and Full comparison group patients from baseline year for all
 years of follow-up were as follows:+ year (P= .),+ year (P= .),+ year (P= .),+ year (P= .),+ year (P= .).

per patient cost reduction greater than the high-cost sub-
group of $1,152 in Year 1 (P = 0.002), $1,042 in Year
2 (P= 0.009), $808 (P= 0.021) in Year 3, $815 (P= 0.019)
in Year 4, and $793 (P = 0.023) in Year 5 (Table 2). The
higher CAI cost reductions followed a similar trend for
both the high risk and full-comparison groups (Figure 1).

Adjusted return on investment (ROI) Using the
full-comparison group

The net benefits in the form of NPV continued to increase
over 5 years’ post-intervention as an effect of the CAI
program resulting in a net overall benefit of $587,398

Figure . CAI, Full comparison group, and high cost subgroup per patient costs.
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Table . ROI unadjusted and adjusted (adjusted by subtracting from the full comparison group).

Per Month Savings Total Present Value Cumulative Present Value NPV ROI

Program Cost ($,) ($,) ($,)

Unadj Cost Savings Year  $, $, $, ($,) .
Unadj Cost Savings Year  $, $, $, $, .
Unadj Cost Savings Year  $, $, $,, $, .
Unadj Cost Savings Year  $, $, $,, $,, .
Unadj Cost Savings Year  $, $, $,, $,, .

Adj Cost Savings Year  $, $, $, ($,) .
Adj Cost Savings Year  $, $, $, ($,) .
Adj Cost Savings Year  $, $, $, $, .
Adj Cost Savings Year  $, $, $,, $, .
Adj Cost Savings Year  $, $, $,, $, .

over a 5-year period post-CAI intervention. The adjusted
ROI results demonstrated a near break-even outcome at
2 years (2-year adjusted ROI = 0.95) and further con-
tinued higher returns at 3 years (adjusted ROI = 1.32),
4 years (adjusted ROI = 1.65), and 5 years (adjusted ROI
= 1.91) (Table 3). This indicates that for every dollar spent
on the CAI program, $1.91 was saved by payers over a 5-
year period.

Discussion

The findings of greater cost reductions from the CAI
intervention group complement previously published lit-
erature on the benefits of community interventions. The
results of this 5-year program analysis demonstrate con-
sistent cost reduction that strengthens the business case
for payers. Almost all of the cost reduction occurring
over 5 years’ post-intervention may be attributed to the
higher reduction in hospitalizations among CAI patients
than the full-comparison group patients. Calculating an
adjusted return on investment provides a conservative
estimate of the intervention cost saving. The results show
that benefits from investments in community asthma case
management andhome visiting programs such asCAI can
last for a considerable period post-intervention.

Our study demonstrates an average annual per patient
adjusted cost reduction for CAI patients of $1,200 over
a 5-year post-intervention period. This finding is com-
parable to an annual per patient adjusted cost reduction
from hospitalization and ED visits of $1,100 reported in
another recent study on pediatric asthma intervention
[25]. The adjusted ROI and NPV, based on program cost
and adjusted cost savings for the complete pilot phase,
provide similar results as found in the first year of the
pilot, and continues to demonstrate an ROI approaching
one at two years after the original investment, with con-
tinued savings in future years [27,28]. The decrease may
be attributed to improved asthma control leading to fewer
asthma-related hospitalizations from CAI intervention.

When compared to a high-cost subgroup, the higher cost
reductions among the intervention group were similar.

There were limitations to these analyses. CAI was not a
randomized clinical trial but was an enhanced care imple-
mentation program that contained an intervention and a
comparison group. A number of randomized clinical tri-
als have demonstrated the importance of culturally appro-
priate, individualized care coordination, asthma educa-
tion and coaching regarding importance of medication
usage and adherence, and environmental assessment and
remediation [17, 20, 25]. In the present analyses, reduc-
tion in costs only included hospital admission and ED
costs based on hospital administrative data. Other costs
such as primary and specialty physician costs, and phar-
macy costs could not be included in the total cost esti-
mates as these were not available in the hospital data. To
address the limitations in the current study, future analy-
ses have been planned in collaboration with a managed
care organization (MCO) with full claims data that not
only has complete data for ED visits and hospitalizations
at all facilities (both children’s hospital and outside health
care) but also includes all costs of treatment including
medication, outpatient, primary care, and specialty care
costs.

The health care system in the United States, while
increasingly recognizing the impact of social determi-
nants of health on overall health and well-being, still
devotes up to 95% of its health care dollars to direct
medical services [9]. Addressing social determinants of
health is particularly important for low-income patients,
as supportive services and other non-clinical interven-
tions canmake amajor difference in low-income patients’
health and curb health care spending. CAI provided a
comprehensive approach that integrated asthma educa-
tion, case management, emotional support, and other
non-medical interventions that contributed to improve-
ments in asthma control and outcomes and parental qual-
ity of life [28]. Since CAI intervention are performed
in home settings, the benefits are not simply limited
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to the patient being targeted, but other family mem-
bers also derive benefits and the overall return from the
program are likely even higher than what is reported
here.

Benefits from CAI intervention suggest that public
health and community-based interventions should be
considered within the scope of payment and health care
delivery reforms. These services add significant value,
yet have seldom been reimbursed by traditional fee-for-
service methods, and have, therefore, had to rely pri-
marily on grants and philanthropy that are time-limited
and inconsistent. This study supports other investigators’
findings that a defined set of services and partnerships
with public health and community agencies, in addition to
traditional clinical care, substantially improves outcomes
in pediatric asthma, while providing a positive ROI [25].
The shift in health care financing towards alternative pay-
ment models, such as Accountable Care Organizations
(ACO), that promise to reduce costs through an increased
focus on the Triple Aim (health of populations, patient
experience and quality, and reduced costs), is an opportu-
nity for both payers and providers to re-design their care
models to include Community Health Workers, home
visits and other social and public health interventions
that address the social determinants of health [35,36].
Boston Children’s Hospital has entered into an ACO
agreement with one Medicaid MCO and is planning for
further alternative payment contracts in the future. CAI is
being incorporated into the asthma population manage-
ment planning and implementation as part of the ACO, in
order to continue to reduce costly hospitalizations and ED
visits.

Conclusion

This study demonstrated that CAI has improved health
outcomes for asthma patients and has led to cost savings.
Boston Children’s Hospital and partners continue to work
with Medicaid and other insurers to develop innovative
payment models that can improve health outcomes for
asthma while reducing costs. The positive adjusted ROI
of 1.91 at 5 years following 1 year of intervention demon-
strates to stakeholders that services that are traditionally
considered social, community, or public health, not tra-
ditionally offered by the health care system, add value to
care by supporting families with children with chronic
diseases, like asthma, by addressing social determinants
of health.
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