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Abstract

Underserved populations have limited access to care. Improved access to effective asthma care potentially im-
proves quality of life and reduces costs associated with emergency department (ED) visits. The purpose of this study
is to examine return on investment (ROI) for the Breathmobile Program in terms of improved patient quality-
adjusted life years saved and reduced costs attributed to preventable ED visits for 2010, with extrapolation to
previous years of operation. It also examines cost–benefit related to reduced morbidity (ED visits, hospitalizations,
and school absenteeism) for new patients to the Breathmobile Program during 2008–2009 who engaged in care ( ‡ 3
visits). This is a retrospective analysis of data for 15,986 pediatric patients, covering 88,865 visits, participating in 4
Southern California Breathmobile Programs (November 16, 1995–December 31, 2010). The ROI calculation expressed
the cost–benefit ratio as the net benefits (ED costs avoided + relative value of quality-adjusted life years saved) over
the per annum program costs (*$500,000 per mobile). The ROI across the 4 California programs in 2010 was $6.73
per dollar invested. Annual estimated emergency costs avoided in the 4 regions were $2,541,639. The relative value of
quality-adjusted life years saved was $24,381,000. For patients new to the Breathmobile Program during 2008–2009
who engaged in care ( ‡ 3 visits), total annual morbidity costs avoided per patient were $1395. This study suggests
that mobile health care is a cost-effective strategy to deliver medical care to underserved populations, consistent with
the Triple Aims of Therapy. (Population Health Management 2013;16:261–269)

Introduction

Approximately 9.6% of children in the United States
have asthma, with prevalence nearly double in African

American children (17.0%).1 The total cost of asthma to society
in 2009 was estimated at $56 billion per year (medical ex-
penses 89.5% of costs, loss of productivity from missed
school/work days 6.8% of costs, and premature death 3.8% of
costs).1 Barriers to effective asthma care include limited access
(related to health insurance and/or transportation con-
straints), lack of continuity of care, and inadequate sensitivity
to language preferences and cultural beliefs.2–8 Underserved
populations tend to be disproportionately affected by these

inequities.9–12 In the uninsured, disparities are compounded
when substantially fewer patients report primary care phy-
sician (58.8% vs. 85.6%) or specialist (19.5% vs. 36.9%) care
compared to insured patients.1

Mobile health care is a viable mechanism to deliver
guideline-defined13,14 care to children living with asthma, as
evidenced by the Breathmobile Program. This mobile clinic
disease management program uses fully equipped mobile
clinics staffed by specialty trained asthma providers and
integrates strategies for case identification, community out-
reach, continuity of care, structured health care encounters,
and patient tracking.7,15 Effective asthma care potentially
leads to improved patient quality-adjusted life years

1California Chapter of the Asthma and Allergy Foundation of America (AAFA), Los Angeles, California.
2Los Angeles County and University of Southern California (LAC + USC) Medical Center Breathmobile Program, Division of Allergy and

Immunology, Keck School of Medicine of USC, Los Angeles, California.
3Children’s Hospital of Orange County (CHOC) Breathmobile Program, Orange, California.
4Arrowhead Regional Medical Center (ARMC) Breathmobile Program, Department of Pediatrics of ARMC, Colton, California.
5University of California, Los Angeles (UCLA) Mattel Children’s Hospital Breathmobile Program, Department of Pediatrics, Division of

Pediatric Allergy/Immunology and Rheumatology, David Geffen School of Medicine of UCLA, Los Angeles, California.
6Division of Pediatric Pulmonology/Allergy, University of Maryland School of Medicine, Baltimore, Maryland.
7Department of Vermont Health Access, Burlington, Vermont.
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(QALYs) and reduced costs attributable to preventable
emergency department (ED) visits. The purpose of this
study is to examine the return on investment (ROI) for the
Breathmobile Program in terms of improved patient QALYs
and reduced costs attributed to preventable ED visits for
2010 with extrapolation to previous years of operation. It
also examines cost–benefit related to reduced morbidity (ED
visits, hospitalizations, and school absenteeism) for patients
new to the Breathmobile Program during 2008–2009 who
engaged in care ( ‡ 3 visits). Findings based on these 2 eco-
nomic approaches (assessment of ROI by mobile health maps
standardized algorithm and cost avoidance attributable to
actual observed morbidity reductions in the patient popu-
lation) are reported.

Methods

This is a retrospective analysis of prospectively collected
data for 15,986 pediatric patients, covering 88,865 visits,
participating in 4 Breathmobile Programs: Los Angeles
County + University of Southern California Pediatric Asthma
Disease Management Program (Los Angeles, CA [LA]),
Children’s Hospital of Orange County (Orange County, CA
[OC]), Arrowhead Regional Medical Center (San Bernardino,
CA [SB]), and UCLA Mattel Children’s Hospital (Long
Beach, CA [LB]) from November 16, 1995 to December 31,
2010. Hereafter, sites are referred to by geographic location.
The Breathmobile is a 34-foot mobile clinic that is staffed by a
team of asthma care specialists that include a specialty-
trained provider (medical doctor or nurse practitioner), 2
registered nurses or a registered nurse and respiratory
therapist, and a patient financial service resource worker
who is available on-site or by phone. Each health care team
delivers routine, preventive, team-based asthma care at
school sites predominately in school districts that serve
inner-city, low-income neighborhoods and areas surround-
ing major freeways. Data recorded at the visit level in an
electronic medical record (EMR; Asmatrax, created by Loran
Clement, M.D.) were de-identified prior to analysis. This
study was approved by the institutional review boards of
participating academic centers.

To utilize the ROI prototype described by Oriol et al16 and
the updated application at the Mobile Health Map Web site
(http://www.mobilehealthmap.org/roi.php, see algorithm
.xls), the authors determined per annum total number of
patients and visits to respective Breathmobile Programs for
calendar year 2010 and each year of operation. Burden of
disease, applicable to QALYs in ROI calculation, was based
on the high level of a 5-point scale described in Maciosek
et al17 with an assumed value of statistical life year equal to
$70,000.18 High burden of disease was defined as average
QALY saved per individual by the program of 0.09 years.16,17

The relative value of QALYs was determined by multiplying
the number of pediatric asthma patients treated during the
respective year period, average QALYs/patient, and the
value of a statistical life year ($70,000).

The expectation that 44% of Breathmobile visits otherwise
would have resulted in an ED visit conserves the standard-
ized value applied in the algorithm (http://www.mobile
healthmap.org/roi.php, see algorithm.xls) that references
Cunningham.19 The cost of a preventable ED visit was $923.20

The cost of a Breathmobile visit was based on annual program

costs per operational mobile estimated at $500,000 divided by
the number of visits per year. ED costs avoided were calcu-
lated as follows: [(Preventable ED visit cost - Breathmobile
visit cost)*(44%* #pediatric asthma visits during respective
year period)]. The ROI calculation expressed the benefit–cost
ratio as the net benefits (ED costs avoided + relative value of
QALYs) over the per annum program costs.

Costs avoided because of reduced morbidity utilized the
same cost/unit applied in the mobile health maps calculator
per ED visit of $923. Cost per hospitalization of $7186 as-
sumed a 30% Medicaid reimbursement rate per the average
charge for an asthma hospitalization of $23,953 as reported in
The Burden of Asthma in California: A Surveillance Report.21 The
cost of $30 per school day missed was based on average daily
attendance built into the revenue per student per day calcu-
lation. Estimated average revenue limit funds to schools in
California during 2005–2006 was $5341 per student as re-
ported in 2010.22 The California Department of Education
reports an average of 180 days of instruction per year (http://
www.cde.ca.gov/ls/fa/yr/guide/asp). This translated to an
average of $30 ($5341/180) per child per day of attendance.

Statistical/analytical methods

Process measures reported for California regions in
Table 1 were determined by aggregating linked tables within
the EMR system per referenced unit (subject, visit, mobile
asthma clinic [MAC], or region) and time period (day,
month, or year). The demographic composition of patients in
each region was described in terms of age, race, and sex
distributions based on assessment of EMR data. Asthma-
related morbidity prior to program entry (ED visits, hospi-
talizations, and school days missed) was based on parent
recall. Annual morbidity in the post year was determined for
patients who entered the program during calendar years
2008–2009 and had ‡ 3 visits to the program by the end of
2010. Morbidity events reported during each visit interval
were summed through the patient’s third visit to the pro-
gram, translated to a per month average based on days en-
gaged in the program from baseline to visit #3, and then
multiplied by 12 months. A sensitivity analysis performed on
patients who remained in the program 1 year or longer
(actual post year morbidity reported) by the study end point
yielded results similar to the larger population of patients
with ‡ 3 visits (average number of visits required to achieve
control).2 General linear model repeated measures analyses
was performed to assess whether average costs avoided be-
cause of reduced health care utilization (ED visits and hos-
pitalizations) varied by demographics, baseline severity, and
region. Operational year was determined from start point
(launch date) for each program unless the result is specified
for calendar year(s). Average ROI in the new program (LB)
extended the end date thru June 30, 2011 to include the op-
erational portion of year 2 in the average calculation. A MAC
was deemed operational when care was delivered > 80 days
during a respective year period.

Results

Breathmobile outreach

Table 1 describes patient demographics and operational
flow for Southern California Breathmobile Programs during
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2010. The majority of the patients treated were 5–11 years of
age; as expected, male children represented the majority of
patients. Demographic composition of patients within each
region was comparable across all years of operation (data not
shown).

In 2010, each MAC in LA, OC, and SB operated 3.7 days
per week on average; the LB program delivered care *2.3
days per week (new program). Average visits per month and
day were similar across all years of operation.

Return on investment for the Breathmobile Program

Table 2 details each component in the ROI calculation. The
ROI algorithm assumes that 44% of program visits corre-
spond to a preventable ED visit. Distribution of cost avoid-
ance is influenced by number of patients and visits
(operational flow). The number of patients needed to treat to
achieve a zero dollar balance between costs avoided plus
QALYs and program investment (ROI $1:1) ranged from
107 patients (average 1 visit/year) to 91 patients (average 4
visits/year).

Figure 1 reveals stable estimates across time for each re-
gion. Lower ROI and increased variability were observed
more often during year 1 operations and immediately fol-
lowing periods of expansion. The average ROI across all
operational year periods in each program: LA $5.92:1, OC
$7.32:1, SB $11.04:1, and LB $3.78:1.

Asthma-related morbidity (ED visits, hospitalizations,
and school absenteeism) costs avoided

For 1939 patients who entered the program in 2008–2009
and had ‡ 3 Breathmobile visits, average costs avoided re-
lated to reduced morbidity episodes (ED visits, hospitaliza-
tions, and school absenteeism) after initiation of treatment in
the Breathmobile Program were $2,705,431 (Table 3). An
additional analysis restricted to patients in the program 1
year or longer revealed similar average annual costs were
avoided: $1401 per patient (SE = 169) (ED visits = $520
[SE = 55], hospitalizations = $762 [SE = 147], and school mis-
sed = $119 [SE = 9]). Table 4 describes average cost avoidance
across regions.

Table 1. Operational Days, Visits, and Patient Outreach in Four Southern California

Regions Described during 2010

Calendar Year 2010
Regional Average: LA, OC, SB LA OC SB LB YR 1

#MACs operational during 2010 3 2 2 1
Operations: Average Per MACa

Operational days per week 3.7 3.4 4.6 3.2 2.3
Operational days per year 183 164 236 148 88
Sites visited per year 27 25 24 33 20
Total number pediatric patients Totals: N = 4262 1397 1185 1354 326
Total number visits Totals: N = 11202 4029 3412 3104 657
Patients per year 583 479 593 677 326
Visits per year 1534 1343 1706 1552 657
Monthly visits 128 112 142 130 60
Daily visits 8.8 8.2 7.3 10.8 7.5

Demographic Profile of Patients Regional Average: LA, OC, SB, LB
Age at 1st visit during period:

% < 5 years 14.9% 9.1% 27.6% 16.8% 6.1%
% 5–11 years 63.6% 65.3% 52.1% 63.5% 73.3%
% 12–18 years 21.6% 25.7% 20.3% 19.8% 20.6%

% Male 60.3% 60.8% 59.5% 58.8% 62.0%
% Hispanic 72.8% 82.5% 87.8% 72.0% 48.8%
% African American 12.9% 7.6% 0.5% 11.5% 31.9%
% Dx with Asthma 89.8% 90.9% 96.0% 89.8% 82.5%
Patients Dx with Asthma Totals: N = 3870 1270 1138 1193 269
Total number visits Totals: N = 10592 3810 3336 2858 588
Average Monthly Retentionb

New Patients 74.0% 68.2% 75.9% 71.5% 80.3%
Return Patientsc 83.0% 84.8% 83.5% 76.1% 87.5%

Retention described in patients diagnosed with asthma at baseline visit. Dx, diagnosed; LA, Los Angeles; LB, Long Beach; MAC, mobile
asthma clinic; OC, Orange County; SB, San Bernardino County;

aPer MAC average calculated within region and then equal weight applied to calculation of regional mean (number of regions applied in
denominator of mean calculation reflects number of programs where measure standardized for comparison during relevant period).
Operational year for MAC defined as ‡ 80 days operational during the calendar year (assumes 4–5 d work wk. and consideration of school
holidays outside of summer).

bAverage monthly retention in 2010 (examined in patients treated Oct 2009–Sept 2010, adequate follow-up time). Retention evaluated
across all months when ‡ 10 patients treated. Excluded patients new to program during last 3 months of 2010 (inadequate follow-up time to
evaluate retention).

cRetention in return patients evaluated as average percent of return patients treated during each month who returned for subsequent care
(unusual for patient to be treated [represented] more than once within a month, although likely to be represented during several time periods
[months] in calculation).
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Table 2. Return on Investment (ROI) Calculation to Arrive at Per Mobile Asthma Clinic (MAC)
Annual ROI Estimate Overall and Within Each of Four Southern California Programs during 2010

YEAR = 2010
Inputs AND
Calculations Overall

Los
Angeles

Orange
County

San
Bernardino

Long Beach
(1st year)

a. Average annual cost per Breathmobile $500,000 $500,000 $500,000 $500,000 $500,000 $500,000
b. Total number of Breathmobiles

Operational
Input 8 3 2 2 1

c. Annual funds invested for The
Breathmobile(s)

a*b $4,000,000 $1,500,000 $1,000,000 $1,000,000 $500,000

d. Total annual visits in pediatric asthma
patients

Input 10,592 3810 3336 2858 588

e. Cost per Breathmobile visit c/d $377.64 $393.70 $299.76 $349.90 $850.34
f. Cost of preventable ED Visit $923 $923 $923 $923 $923 $923
g. Estimated % of visits that prevent an ED

visit
44% 44% 44% 44% 44% 44%

h. # of Breathmobile visits that prevent an
ED visit

d*g 4660.48 1676.40 1467.84 1257.52 258.72

i. Annual estimated ED Costs Avoided (f-e)*h $2,541,639 $887,319 $914,817 $720,685 $18,798.60
j. Total number of pediatric asthma patients

treated
Input 3870 1270 1138 1193 269

k. Average QALYs per individual 0.090000 0.090000 0.090000 0.090000 0.090000 0.090000
l. Total number of QALYs

saved in pediatric asthma patients
treated in Breathmobile(s):

j*k 348.300000 114.300000 102.420000 107.370000 24.210000

m. Value of a Statistical Life Year $70,000 $70,000 $70,000 $70,000 $70,000 $70,000
n. Relative value of QALYs

Saved:
l*m $24,381,000 $8,001,000 $7,169,400 $7,515,900 $1,694,700

o. ROI for a Breathmobile (i + n)/c $6.73 $5.93 $8.08 $8.24 $3.43

ED, emergency department; QALYs, quality-adjusted life years saved. ROI in figures did not round to nearest hundredth but maintained
all decimal places in calculation until final ROI calculation.

FIG. 1. Return on investment (ROI) of the Breathmobile Program across years of operation. The ROI value indicates amount of
dollars returned in combined value of life years saved, and emergency department costs avoided for every dollar invested in
funding for the mobile health care program. Annual funds invested to operate a Breathmobile Unit average *$500,000. (a) Year of
operation determined from start point reflecting each program’s launch date (rather than calendar year). (b) Decimal portion of
number of mobile asthma clinics (MACs) applied in operational costs determination reflects addition of new MAC(s)*(portion
of year operational) &/or the number of MACs*(portion of most recent operational year represented through study end point).
Extended evaluation in Long Beach thru June 30, 2011 (represents 58% [7 months] of second year operations).

264 MORPHEW ET AL.

http://online.liebertpub.com/action/showImage?doi=10.1089/pop.2012.0060&iName=master.img-000.jpg&w=360&h=261


T
a

b
l

e
3.

P
r

o
g

r
a

m
P

a
r

t
i
c

i
p

a
n

t
C

o
s
t

A
v

o
i
d

a
n

c
e

B
e

c
a

u
s
e

o
f

R
e

d
u

c
e

d
M

o
r

b
i
d

i
t

y
i
n

N
e

w
P

a
t

i
e

n
t

s

D
u

r
i
n

g
20

08
–2

00
9

W
h

o
E

n
g

a
g

e
d

i
n

C
a

r
e

(
‡

3
V

i
s
i
t

s
)

A T
y

p
e

of
E

p
is

od
e

B
T

ot
al

C
oh

or
t

M
or

bi
d

it
y

E
x

p
er

ie
n

ce
R

ep
or

te
d

at
B

as
el

in
e

C
P

at
ie

n
t

A
v

er
ag

e
M

or
bi

d
it

y
P

er
Y

ea
r

D
C

os
t/

U
n

it
*

E
T

ot
al

A
n

n
u

al
C

os
t

F
T

ot
al

C
oh

or
t

M
or

bi
d

it
y

E
x

p
er

ie
n

ce
R

ep
or

te
d

P
os

t
y

ea
r

G
P

at
ie

n
t

A
v

er
ag

e
M

or
bi

d
it

y
P

er
Y

ea
r

H
T

ot
al

A
n

n
u

al
C

os
t

I
C

h
an

g
e

in
T

ot
al

A
n

n
u

al
C

os
t

N
=

1
9

3
9

P
at

ie
n

ts
P

re
Y

ea
r

T
ot

al
T

ot
al

p
er

P
at

ie
n

t
(B

)
M

ea
n

(S
E

)
(B

·
D

)
P

os
t

Y
ea

r
T

ot
al
{

T
ot

al
p

er
P

at
ie

n
t

(F
)

M
ea

n
(S

E
)

(F
·

D
)

(E
–

H
)

1
E

D
v

is
it

s
1,

78
8

0.
92

(0
.0

5)
$9

23
$1

,6
50

,3
24

71
3

0.
37

(0
.0

4)
$6

58
,0

99
$9

92
,2

25
2

H
o

sp
it

al
iz

at
io

n
s

36
5

0.
18

(0
.0

1)
$7

18
6

$2
,6

22
,8

90
15

9
0.

08
(0

.0
1)

$1
,1

42
,5

74
$1

,4
80

,3
16

3
S

ch
o

o
l

M
is

se
d

(D
)

10
,3

12
5.

32
(0

.2
3)

$3
0

$3
09

,3
60

2,
54

9
1.

31
(0

.1
1)

$7
6,

47
0

$2
32

,8
90

4
T

o
ta

l
C

o
st

$4
,5

82
,5

74
$1

,8
77

,1
43

5
T

o
ta

l
A

n
n

u
al

C
o

st
s

A
v

o
id

ed
b

ec
au

se
o

f
R

ed
u

ce
d

M
o

rb
id

it
y

E
p

is
o

d
es

(E
4

-
H

4)

$2
,7

05
,4

31

6
T

o
ta

l
A

n
n

u
al

C
o

st
A

v
o

id
ed

P
er

P
at

ie
n

t
(I

5/
N

):

$1
,3

95
(S

E
=

15
9)

E
m

er
g

en
cy

D
ep

ar
tm

en
t

(E
D

)
v

is
it

co
st

s
av

o
id

ed
p

er
p

at
ie

n
t

(I
1/

N
)

$5
12

(S
E

=
50

)

H
o

sp
it

al
iz

at
io

n
co

st
s

av
o

id
ed

p
er

p
at

ie
n

t
(I

2/
N

)

$7
63

(S
E

=
13

6)

S
ch

o
o

l
ab

se
n

te
ei

sm
co

st
s

av
o

id
ed

p
er

p
at

ie
n

t
(I

3/
N

)

$1
20

(S
E

=
7)

N
u

m
b

er
s

ar
e

su
b

je
ct

to
ro

u
n

d
in

g
er

ro
rs

.
E

x
cl

u
d

ed
10

ex
tr

em
e

o
u

tl
ie

rs
(1

p
at

ie
n

t
ex

cl
u

d
ed

w
h

o
h

ad
‡

10
0

E
D

v
is

it
s

in
th

e
p

re
y

ea
r

an
d

1
p

at
ie

n
t

p
o

st
y

ea
r;

6
p

at
ie

n
ts

ex
cl

u
d

ed
w

h
o

h
ad

‡
10

0
sc

h
o

o
l

d
ay

s
m

is
se

d
in

th
e

p
re

y
ea

r
an

d
2

p
at

ie
n

ts
p

o
st

y
ea

r)
.

*C
os

t/
u

n
it

E
D

vi
si

ts
:

A
v

er
ag

e
co

st
o

f
$9

23
ap

p
li

ed
in

O
ri

o
l

et
al

al
g

o
ri

th
m

.1
6

*C
os

t/
u

n
it

h
os

p
it

al
iz

at
io

n
s:

R
efl

ec
ts

an
es

ti
m

at
ed

30
%

M
ed

ic
ai

d
re

im
b

u
rs

em
en

t
ra

te
p

er
th

e
av

er
ag

e
ch

ar
g

e
fo

r
an

as
th

m
a

h
o

sp
it

al
iz

at
io

n
o

f
$2

3,
95

3
re

p
o

rt
ed

in
20

05
.2

1
*C

os
t/

u
n

it
sc

h
oo

l
d

ay
s

m
is

se
d:

R
efl

ec
ts

av
er

ag
e

d
ai

ly
at

te
n

d
an

ce
b

u
il

t
in

to
re

v
en

u
e

p
er

st
u

d
en

t
p

er
d

ay
ca

lc
u

la
ti

o
n

.
E

st
im

at
ed

av
er

ag
e

re
v

en
u

e
li

m
it

fu
n

d
s

to
sc

h
o

o
ls

in
C

al
if

o
rn

ia
d

u
ri

n
g

20
05

–2
00

6
w

as
$5

34
1

p
er

st
u

d
en

t
as

re
p

o
rt

ed
in

20
10

(h
tt

p
:/

/
w

w
w

.p
p

ic
.o

rg
/

co
n

te
n

t/
p

u
b

s/
re

p
o

rt
/

r_
31

0m
w

r.
p

d
f)

.T
h

e
C

al
if

o
rn

ia
D

ep
ar

tm
en

t
o

f
E

d
u

ca
ti

o
n

re
p

o
rt

s
18

0
d

ay
s

o
f

in
st

ru
ct

io
n

p
er

y
ea

r
(h

tt
p

:/
/

w
w

w
.c

d
e.

ca
.g

o
v

/
ls

/
fa

/
y

r/
g

u
id

e.
as

p
),

w
h

ic
h

tr
an

sl
at

es
to

an
av

er
ag

e
o

f
$3

0
($

53
41

/
18

0)
p

er
ch

il
d

p
er

d
ay

in
at

te
n

d
an

ce
.
{S

u
m

ac
ro

ss
p

at
ie

n
ts

’
an

n
u

al
m

o
rb

id
it

y
ex

p
er

ie
n

ce
p

o
st

y
ea

r
d

et
er

m
in

ed
b

y
fo

ll
o

w
in

g
ca

lc
u

la
ti

o
n

:
P

at
ie

n
ts

’
av

er
ag

e
n

u
m

b
er

o
f

m
o

rb
id

it
y

ev
en

ts
p

er
m

o
n

th
d

et
er

m
in

ed
th

ru
v

is
it

#3
·

12
m

o
n

th
s.

265



Resource utilization (ED visits and hospitalizations)
costs avoided

Figure 2 shows that resource utilization costs avoided (ED
visits and hospitalizations) per patient averaged $1275
(SE = 159). Cost avoidance related to reduced ED visits and
hospitalizations was observed across all groups with the
exception of cost shifting in the LB region, where the findings
reflect first year operations. For patients with intermittent
baseline disease severity, annual resource utilization cost
reductions were significant, though less than for patients
with persistent baseline disease severity. Resource utilization
cost avoidance was greatest in the youngest children com-
pared to 5–11 years and 12–18 years. This trend of greater
cost avoidance in the youngest age group was observed in
LA and OC ( P = 0.035 and P < 0.001, respectively), whereas
an inverse trend with age was observed in SB; the youngest
patients comprised the only group to not yield significant
cost avoidance during the child’s first year of treatment
( P = 0.005) (data not shown). Region-specific demographic
and baseline severity cost avoidance differentials were not
evaluated in the LB population.

Discussion

In 2010, Breathmobiles operating in Southern California
provided an average return of $6.73 for every dollar invested
in terms of ED costs avoided and QALYs. Annual estimated
ED costs avoided in the 4 regions was $2,541,639 and the
relative value of QALYs saved was $24,381,000. Further-
more, for patients who engaged in this comprehensive dis-
ease management solution ( ‡ 3 visits), reductions in average
annual morbidity episodes corresponded to significant cost
avoidance of $1395 per patient (SE = 159): Per patient average
annual ED costs avoided were $512 (SE = 50), hospitalization
costs avoided were $763 (SE = 136), and school absenteeism
costs avoided were $120 (SE = 7). Generalization of these
findings should consider the characteristics of this primarily
underserved patient population.

A systematic review of home-based, multicomponent in-
terventions focusing on environmental factors among asth-
matic children and adolescents found that benefit–cost ratios
ranged from 5.3 to 14.0:1.23 This range is similar to the av-
erage ROI observed in this study across operational years:
LA $5.92:1, OC $7.32:1, SB $11.04:1, and LB $3.78:1 (new

Table 4. Program Participant Cost Avoidance Because of Reduced Morbidity in New Patients

During 2008–2009 Who Engaged in Care ( ‡ 3 visits), Described by Region

Overall Los Angeles Orange County San Bernardino Long Beach N = 54
Cost Avoidance by N = 1939 N = 707 N = 653 N = 525 (1st Year)
Episode Type Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Emergency department visits $512 (50) $649 (72) $435 (86) $455 (114) $188 (161)
Hospitalizations $763 (136) $844 (211) $880 (216) $616 (310) $-266 (657)
School Days Missed $120 (7) $133 (12) $100 (11) $132 (15) $80 (65)
Total $1395 (159) $1625 (247) $1416 (256) $1204 (359) $2 (742)

FIG. 2. Program participant
cost avoidance because of re-
duced resource utilization
(emergency department [ED]
visits + hospitalizations) in new
patients during 2008–2009 who
engaged in care ( ‡ 3 visits),
described by patient age, sex,
race, baseline asthma severity,
and region. Average costs
avoided described for each
group by mean (SE). *Cost/unit
ED visits: Average cost of $923
applied in algorithm by Oriol
et al.16 *Cost/unit hospitaliza-
tions: Reflects an estimated 30%
Medicaid reimbursement rate
per the average charge for an
asthma hospitalization of
$23,953 reported in 2005.21

{Sum across patients’ annual
morbidity experience post year
determined by following cal-
culation: Patients’ average
number of morbidity events
per month determined thru
visit #3 · 12 months.
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program). In our longest running program, LA ( >15 years
operation), returns were positive even during periods with
expected higher variability (eg, year 1 operations and fol-
lowing launch of an additional MAC within the region).
Initial identification and recruitment of patients and com-
munity engagement into the program may explain, in part,
the phenomenon of variability in year 1 operations. Re-
plication of these findings in similarly structured programs
revealed that the Breathmobile Program provides a cost-
effective strategy to treat asthmatic children in underserved
populations.

The number needed to treat (*100 patients) to obtain zero
dollar benefit:cost ratio by ROI in this study is comparable to
findings published for the Baltimore Breathmobile Program,
for which the cost–benefit was examined by calculation
of the incremental cost-effectiveness ratio (ICER).4 The
Baltimore (University of Maryland School of Medicine)
Breathmobile Program, which treated predominately African
American children, determined that 112 patients/year are
needed to break even (average program costs $500,000 per
year).4

Average ROI in the Breathmobile Program of $6.73:1 is
less than the ROI of $36:1 for every dollar invested in the
Family Van reported by Oriol et al.16 This discrepancy can be
explained by the depth of services provided by the Family
Van. Preventive services provided by The Family Van pro-
gram are broad (including screenings for obesity, depression,
diabetes, vision, cholesterol, hypertension, vision, and diet
counseling), and are not specific to identification and treat-
ment of asthmatic children.

Application of the ROI calculation described herein is not
limited to mobile health care programs. The LAC + USC (Los
Angeles) Breathmobile Program includes a hospital-based
Allergy/Immunology Clinic and integration of inpatient
asthma services as part of their comprehensive pediatric
asthma disease management program. Historically, routine
process and impact evaluations, in addition to Joint Com-
mission asthma disease-specific accreditation, have included
a report on performance measures for the hospital-based
clinic in conjunction with Breathmobile clinics. The disease
management solution that delivers high standard care in
accordance with guideline-defined criteria13,14 is replicable
across settings. Mobile health in targeted populations of
underserved children provides improved access and enables
a cost-effective shift in the source for primary care of asthma
from the ED to the Breathmobile. Increased days of operation
would increase economics; however, the economics must be
considered in the context of mobile health care delivery and
instructional days during the school year. Mobile health care
delivery has unique advantages and disadvantages com-
pared to stationary clinics. Breathmobiles are expected to
operate, on average, 4 d/wk during the scheduled school
year. The 5th day is generally reserved for administration,
scheduling, and education sessions for staff, or extended
operations. Challenges to maximizing operational days in-
clude school holidays, physical repairs and maintenance for
mobile units, personal vacation and time off for staff, and
lack of access to schools during testing and summer months.
Principals may allow access during the summer or alterna-
tive sites are found. The efficient staffing model has de-
creased overall costs; however, operational limitations may
occur when staff are on vacation or out sick. Advantages

include improved access to care, decreased cost to families
and the health care system, decreased school absenteeism for
doctor appointments, improved communication with school
caregivers, increased frequency of preventive care, and
positive ROI for the program.

Several limitations to this study exist. Start-up funds for
mobile unit operations, estimated at a 1-time cost of $186,000
for purchase of the vehicle with a MAC life expectancy of 15
years, were not included in the calculations. The ROI algo-
rithm utilized did not include the costs of medications;
however, because of the unique nature of this program,
sample medications are provided if patients are unable to
afford them. As a parallel, Bollinger et al considered medi-
cation costs in their ICER analysis and reported a mean
savings of $79.43/symptom-free day gained in patients
treated.4 Estimated ED costs avoided using the 44% as-
sumption in the mobile health map model were $657. Ap-
plication of this standardized estimate appeared reasonable
in our population of primarily underserved children living
with asthma. For patients who entered Breathmobile pro-
grams during 2008–2009 and continued care for ‡ 3 visits,
reduction in average annual ED costs avoided per patient
were $512. Both findings suggest that pre-program entry care
excessively flowed in the direction of ED visits (ED cost/visit
greater than Breathmobile cost/visit). Reduction in asthma
care costs were associated with increased accessibility to
routine care in accordance with guideline-defined crite-
ria.13,14 Although our cost per visit is estimated at $378,
which is greater than the Medicaid reimbursement rate, our
results are consistent with the national discussion about
greater reimbursements from all insurance entities, including
Medicaid, for preventive care services and chronic disease.
A Centers for Disease Control and Prevention Morbidity and
Mortality Weekly Report suggests that asthma costs the United
States about $3300 per person with asthma each year in
medical expenses.1, 24 Average costs of preventive care for
our patients per year were substantially lower. The Massa-
chusetts Division of Health Care Finance and Policy listed
asthma as a condition that may require immediate care in an
ED, but the condition potentially could have been pre-
vented/avoided with timely and effective ambulatory care
(ie, on a nonemergent basis).20 Lack of access to primary
care services contributes to ED overuse; limitations in op-
tions for treatment drive patients to hospitals that are legally
obligated to treat all patients who arrive in the ED.25 The
emphasis of the Breathmobile and similar programs on dis-
ease management with increased accessibility changes the
focus of care from acute/episodic to preventive. The ROI
underestimated the benefit portion of the ratio as the algo-
rithm did not take into account important health care ex-
penditure categories (eg, inpatient admissions, outpatient
hospital expenditures, radiology, advanced imaging, pre-
scription medications). That being said, ROI was examined
under more reserved assumptions with positive returns re-
tained. When a more conservative assumption of 20%
(compared to 44% of Breathmobile visits resulting in avoid-
ance of an ED visit) was applied, the resulting ROI was re-
duced to $6.38:1 from $6:73:1 (ED costs avoided reduced to
$1,155,283 from *$2.5 million). When a midlevel burden
was assumed (instead of high-level burden in assessment of
relative value of QALYs in the benefit portion of the calcu-
lation), the resulting ROI was reduced to $2.54:1, with ED
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visits avoided assumed to be 44% (relative value of QALYs
reduced to $7,619,063 from *$24.4 million). At the most
conservative estimate of impact, assumed midlevel burden
combined with 20% assumed ED visits avoided retained a
positive ROI of $2.19:1. An additional limitation in the ROI
calculation is cost savings of reimbursements to schools for
improved attendance, costs associated with parental missed
work, and parental/child stress associated with an ED visit.
Cost avoidance related to improved school attendance was
examined in our study. Reimbursement of $30 per student
per day is based on the California state average.22 The actual
rate per day may fluctuate by year and school. The ROI
calculation assumed that the value of a statistical life year is
$70,000.18 Gerald et al found that population-based asthma
screenings are not cost-effective at $50,000 per QALY and
have a 20% chance of being cost-effective at $100,000 per
QALY.26 The Breathmobile Programs’ efforts to identify at-
risk children include the provision of care delivery options
that translate into increased potential for positive clinical and
cost-effective outcomes. The break-even point (ROI $1:1)
based on our annual estimated ED costs avoided of
$2,541,639 in the mobile health map algorithm would require
assumed value of a statistical life year to equal $4187, far
less than the assumed value of $70,000.

In conclusion, mobile health care offers a solution to re-
duce health care disparities and increase accessibility similar
to school-based health centers’ ability to transfer cost–benefit
to both public health insurance systems, such as Medicaid,
and society.27,28 Guo et al found that reduced hospitaliza-
tions in children who attend a school with a school-based
health center result in a potential cost savings, reporting $970
per student with asthma.27

In light of health care reform, the Triple Aims of Therapy
initiative focuses on ways to improve the health of the
population and enhance the patient experience (including
access to care and reduction in the per capita cost of care).29

The Breathmobile program provides a clinically meaningful
and cost-effective model of asthma care and suggests that
mobile health care is a cost-effective strategy to deliver
medical care to underserved populations consistent with the
Triple Aims of Therapy.
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