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ABSTRACT
BACKGROUND: The European Respiratory Society and American Thoracic
Society (ERS/ATS) published guidelines in 2014 for the evaluation and
treatment of asthma. These guidelines draw attention to management of
patients with asthma that remains uncontrolled despite therapy. One phenotypic characteristic of therapy-resistant asthma is eosinophil elevation. It is
important to better understand the burden of care gaps in this patient subgroup in order to support improved treatment strategies in the future.
OBJECTIVE: To quantify the economic burden of asthma patients with and
without peripheral blood eosinophil elevation.
METHODS: A retrospective cohort study was conducted using data from
patients aged 12 years or older with a diagnosis of asthma using electronic
health records of over 2 million patients between 2004-2010. Patients with
a diagnosis of chronic obstructive pulmonary disease, Churg Strauss syndrome/Wegener’s granulomatosis, eosinophilia, cystic/pulmonary fibrosis,
allergic bronchopulmonary aspergillosis, or lung cancer in the 12-month
period before the date of asthma diagnosis were excluded. Patients with
asthma were followed for 12 months after their initial asthma diagnosis to
identify those with controlled versus uncontrolled asthma based on ERS/ATS
criteria. Patients with at least 1 peripheral blood eosinophil test result of
≥ 400 cells/µL were classified as those with elevated eosinophils. Total
annual paid-claim cost was compared by eosinophil levels within the controlled and uncontrolled asthma subgroups. Costs were adjusted to 2015
U.S. dollars. Patients were stratified by control level, and generalized linear
modeling regressions were used to assess the magnitude of increase in
cost of the elevated eosinophil group.
RESULTS: A total of 2,701 patients were included in the study, of which
17% had uncontrolled asthma and 21% had elevated eosinophils. The
mean total annual cost of patients with uncontrolled asthma was more
than 2 times the cost of those with controlled asthma ($18,341 vs.
$8,670, P < 0.001). Patients with uncontrolled asthma in the elevated
eosinophil group had almost double the total cost ($28,644 vs. $14,188,
P = 0.008) compared with those with blood eosinophil levels in a normal
range. Similarly, patients classified as those with controlled asthma in the
elevated eosinophil group had almost twice the average costs as those
without elevated eosinophils ($14,754 vs. $7,203, P < 0.001). Uncontrolled
asthma with elevated eosinophils had 4 times greater hospital admissions and over 4 times higher total costs than controlled asthma without
elevated eosinophils. Among patients with uncontrolled asthma, patients
with elevated eosinophils had a 53% increase in mean cost ($17,723 vs.
$11,581, P < 0.001) compared with patients without elevated eosinophils.
Among patients with controlled asthma, patients with elevated eosinophils
had a 62% increase in mean cost ($8,897 vs. $5,486, P < 0.001) compared
with patients without elevated eosinophils.
CONCLUSIONS: Elevated peripheral blood eosinophil level is associated
with higher cost irrespective of disease control status.
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What is already known about this subject
• Guidelines from the European Respiratory Society and American
Thoracic Society describe asthma as a heterogeneous condition that
may include different phenotypes identified on the basis of various
biomarkers, including peripheral eosinophil counts.
• Eosinophil elevation is known to be associated with severe asthma
and asthma exacerbations.

What this study adds
• Patients with elevated peripheral eosinophil counts incur greater
health care expenditures compared with those with lower eosinophil counts.
• The association of eosinophil elevation with greater health care
burden stands irrespective of asthma control status.

T

he U.S. asthma population poses a significant burden
to the health care system. In 2011, 18.8 million adults
and 7.1 million children were reported to have asthma
in the United States. In 2010, 439,000 hospitalizations with a
primary diagnosis of asthma were recorded.1 The cost of managing uncontrolled asthma has been estimated at more than
double that of controlled asthma.2
An updated definition of severe asthma, incorporating medication use and control level, has been published in revised evaluation and treatment guidelines by the European Respiratory
Society and American Thoracic Society (ERS/ATS).3 With its
focus on improved management of treatment-resistant, poorly
controlled patient segments, the ERS/ATS guidelines align with
population health management research, which attributes a
sizeable portion of all cost in asthma to just 10% of patients.4
In providing the most recent recommendations for asthma
management to date, ERS/ATS promulgates attention to costly
unmanaged patient subsets by phenotype, including those
characterized using eosinophil biomarkers. Zeiger et al. (2014)
link elevated peripheral blood eosinophils (≥ 400 cells/µL)
to exacerbations.5 They found that the elevated eosinophil
count was a risk factor for asthma exacerbations (adjusted rate
ratio = 1.31, 95% confidence interval [CI] = 1.07-1.60; P = 0.009).
Other published studies have correlated eosinophil elevation
with asthma exacerbations.6,7 The objective of this study was to
estimate and compare the costs of health care resource use for
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FIGURE 1

Study Sample Attrition

Patients with asthma (ICD-9-CM code 493.xx between 2004-2010) with 1 year of continuous health plan
enrollment following diagnosis
N = 7,795
Excluded
n = 2,266
Patients aged ≥ 12 years
n = 5,529

Excluded
n = 762

Patients without confounding disease states of COPD, emphysema, Churg Strauss syndrome, Wegener’s
granulomatosis, eosinophilia, pulmonary fibrosis, allergic bronchopulmonary aspergillosis, and lung cancer
in the 12-month period before the diagnosis date
n = 4,767
Excluded
n = 2,066
Patients with at least 1 eosinophil result
n = 2,701

Controlled asthma
n= 2,245 (83%)

Uncontrolled asthma
n = 456 (17%)

Elevated eosinophil level
n = 131
(29%)

Normal eosinophil level
n=325
(71%)

Elevated eosinophil level
n=436
(19%)

Normal eosinophil level
n=1,809
(81%)

COPD = chronic obstructive pulmonary disease; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.

controlled and uncontrolled asthma patients with and without
elevated peripheral blood eosinophil levels.
■■ Methods
Study Design and Data Source
A retrospective study of patients with a primary or secondary
diagnosis of asthma was conducted using data between January
2004 and July 2010 from EMRClaims+, an integrated health
services database of patients located in the Midwest region
of the United States. The database includes administrative
insurance claims from a managed care plan of approximately
675,000 lives linked to an overlapping health care provider
database of electronic medical records (EMR) data including
laboratory values and provider billing files. Additionally, this
database provides the ability to extract specific physician notes,
disease severity, and certain functional test results through
access to patient medical charts.
Study Population and Study Measures
Included in the study were patients aged at least 12 years,
with a diagnosis of asthma (International Classification of
86 Journal of Managed Care & Specialty Pharmacy

JMCP

January 2017

Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]
code 493.xx) between January 2004 and July 2010, and
who were continuously enrolled in their health insurance
plans for a period of 12 months following asthma diagnosis. Criteria consistent with published drug registration
studies among eosinophilic asthma patients were used to
exclude individuals with a diagnosis of chronic obstructive
pulmonary disease (ICD-9-CM codes 491.xx-492.xx and
494.xx-496.xx); Churg Strauss syndrome/Wegener’s granulomatosis (446.4); eosinophilia (288.3), cystic/pulmonary
fibrosis (277.x, 515, and 516.31); allergic bronchopulmonary
aspergillosis (518.6); and lung cancer (162.x) in the 12-month
period before the date of asthma diagnosis.8 The date of asthma
diagnosis was defined as the index date; the 12-month period
before was defined as the pre-index period. Patients were followed for up to 12 months (post-index period) after the index
date to identify individuals with uncontrolled asthma. Patients
were identified as those with uncontrolled asthma if, during
the same 12-month period, any of the following ERS/ATS criteria were satisfied:
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TABLE 1

Demographic and Comorbidity
Distribution

Demographics/Comorbidities

Uncontrolled
456

%

Controlled
2,245

%

P
Value

Gender
Female
326
71 1,564
70 0.438
Male
130
29
681
30
Age
12-18 years
18
4
319
14
18-35 years
70
15
460
20
36-45 years
76
17
397
18 < 0.001
46-65 years
197
43
727
32
≥ 65 years
95
21
342
15
Mean age (SD)
50 (16.67)
44 (19.41) < 0.001
Race
White
219
48
977
44
African American
50
11
375
17
0.019
Hispanic
114
25
553
25
Other
73
16
340
15
Comorbidities
Diabetes
66
14
240
11 0.020
CHF
17
4
74
3 0.641
Malignant lymphoma/leukemia
16
4
64
3 0.449
Rheumatic disease
5
1
39
2 0.324
Chronic pulmonary disease
9
2
33
1 0.428
CCI score
0
341
75 1,821
81
1-3
103
23
393
18 0.004
≥4
12
3
31
1
Mean CCI score (SD)
0.46
(1.05) 0.33
(0.86) 0.015
CHF = congestive heart failure; CCI = Charlson Comorbidity Index; SD =standard
deviation.

SCS for greater than 50% of the post-index period (calculated
based on days supply during the 12-month period). Patients
were required to have at least 1 eosinophil test result during
the study period (pre-index and post-index period). Previous
literature has studied the association of elevated eosinophils,
asthma severity, and exacerbations. Researchers have classified
eosinophils as elevated at ≥ 400 cells/µL,5-7 at ≥ 300 cells/µL,9
and at ≥ 140 cells/µL.10 Price et al. (2015) studied the association of elevated eosinophils at different cut-off levels (including ≥ 300 cells/µL and ≥ 200 cells/µL) with exacerbations and
found that association diminishes to a large extent at thresholds below ≥ 400 cells/µL.7 Given similar findings that we have
previously reported,11 in this study, we define elevated eosinophils based on at least 1 test result observation of ≥ 400 cells/
µL and normal eosinophils as all test results < 400 cells/µL.
Demographics such as age, gender, and race were recorded
at asthma date, and comorbidities included in the Charlson
Comorbidity Index (CCI)12 were identified during the 12-month
period before asthma diagnosis. The total medical (admissions,
emergency room visits, and outpatient visits) and prescription drug cost during the 12-month period following asthma
diagnosis was recorded for each patient. Cost for each of these
resource use measures was estimated using either insurance
claims or provider billed amounts (charges) in the absence
of third-party claims and converted to cost based on cost-tocharge ratio factor (0.33) derived through an analysis of 13,000
asthma-patient encounters at over 95 hospitals in the Midwest
as previously described.13 Costs were adjusted to reflect 2015
U.S. dollars.14

1. Two or more courses of systemic corticosteroid (SCS) of
more than 3 days each, identified based on the presence of 2
or more pharmacy claims with more than 3 days of supply.
2. Serious exacerbations defined as the following:
• At least 1 hospitalization with a primary discharge diagnosis of asthma, or
• Admission to an intensive care unit for any cause, or
• Use of mechanical ventilation.
3. Airflow limitation: after appropriate bronchodilator withhold FEV1, 80% predicted (in the face of reduced FEV1/FVC
defined as less than the lower limit of normal), identified
through manual digital chart search and abstraction.

Data Analysis
Descriptive Analysis. Percentage of patients with uncontrolled and controlled asthma, as well as elevated eosinophils
and normal eosinophil levels were reported. Demographic
distributions were calculated for uncontrolled and controlled
asthma patients. Total resource use and cost during the
12-month period following asthma diagnosis was calculated
and compared by eosinophil level separately for uncontrolled
and controlled asthma patients. Mean values were compared statistically using t-tests, and categorical outcomes were
assessed using chi-square testing or Fisher exact tests.

Patients not meeting the uncontrolled asthma definition
within 12 months of asthma diagnosis were defined as those
with controlled asthma. Patients presenting with uncontrolled
asthma symptoms were also classified as severe asthma
patients based on use of either (a) high-dose inhaled corticosteroids (defined by ERS/ATS guidelines3) with long-acting
beta agonists or leukotriene modifier or theophylline or (b)

Multivariate Analysis. Patients were stratified based on control status, and generalized linear modeling (GLM) regressions
with gamma distribution and log link were used to assess the
association of eosinophil elevation on mean cost. Covariates
used were gender, age, and CCI score.
All data analyses were conducted using SAS software, version 9.3 (SAS Institute, Cary, NC).
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Controlled
asthma
(n = 2,245)
Uncontrolled
asthma
(n = 456)
Overall
(n = 2,701)

Epsinophil Level

Severe
asthma
(n = 216)

FIGURE 2

Mean (SD) Total Annual Cost Comparison Between Groups with Elevated and Normal
Eosinophil Levels by Control Status, Severity, and Overall
Normal

13,168 (13,420), P = 0.018

Elevated

33,192 (29,161)

Normal

7,203 (7,204), P < 0.001

Elevated

14,754 (26,547)
14,188 (19,630), P = 0.008

Normal
Elevated

28,644 (54,227)

Normal

8,268 (13,536), P < 0.001

Elevated

17,963 (35,287)
0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

Mean Annual Cost ($)
SD = standard deviation.

■■ Results
Study Sample, Demographics, and Distribution
Included in this study were 2,701 patients, of which 17%
(n = 456) were shown to have uncontrolled asthma (Figure 1).
Demographics and comorbidities are shown in Table 1.
There was a greater proportion of females overall, but there
was no significant difference in gender distribution between
controlled and uncontrolled asthma patients (P = 0.438). The
mean patient age for the uncontrolled asthma group was significantly greater than those with controlled asthma (50 years
vs. 44 years, P < 0.001). Uncontrolled asthma patients had a
significantly greater mean CCI score compared with controlled
asthma (0.46 vs. 0.33, P = 0.015). Twenty-nine percent (n = 131)
of patients with uncontrolled asthma and 19% (n = 436) of
patients with controlled asthma had elevated eosinophil levels.
About 8% of the study sample was classified as having severe
asthma (n = 216).
Resource Use and Economic Comparisons
The mean (standard deviation [SD]) total annual cost of
patients with uncontrolled asthma was 2.1 times greater than
the group with controlled asthma ($18,341 [33,907] vs. $8,670
[16,047], P<0.001). The mean (SD) total annual cost was
significantly greater for the group with elevated eosinophils
88 Journal of Managed Care & Specialty Pharmacy
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compared with normal eosinophils ($17,963 [35,287] vs.
$8,268 [13,535], P<0.001) overall (Figure 2). Restricting the
sample to those with uncontrolled asthma, patients with
elevated eosinophils had more than double the total cost
on average compared to patients with normal eosinophils
($28,644 [54,227] vs. $14,188 [19,630], P = 0.008). For controlled asthma, those with elevated eosinophil levels also had
significantly greater mean cost ($14,754 [26,547] vs. $7,203
[11,874], P < 0.001), as did patients in the severe asthma group
($33,192 [29,161] vs. $13,168 [13,420], P = 0.018).
As shown in Figure 3, patients with elevated eosinophils had
greater mean number of admissions annually, compared with
those with normal eosinophils throughout the different groups
(overall mean [SD]: 0.5 [1.2] vs. 0.2 [0.6], P < 0.001; uncontrolled asthma mean [SD]: 0.8 [1.5] vs. 0.4 [0.9], P = 0.008;
controlled asthma mean [SD]: 0.5 [1.1] vs. 0.2 [0.5], P < 0.001; and
severe asthma mean [SD]: 0.8 [1.6] vs. 0.3 [0.6], P = 0.020).
GLM regression showed that eosinophil elevation was
associated with 62% greater cost (P < 0.001) compared with
patients with normal eosinophils (Table 2) after controlling for
asthma-control status and demographics. Each unit increase in
CCI score and age was associated with a 35% and 3% increase
in cost, respectively (P < 0.001 each). Within the uncontrolled
asthma subgroup, elevated eosinophil patients were associated
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Mean (SD) Total Annual Admissions Comparison Between Groups with Elevated and Normal
Eosinophil Levels by Control Status, Severity, and Overall

Overall
(n = 2,701)

Eosinophil Level

Uncontrolled Controlled
asthma
asthma
(n = 456)
(n = 2,245)

Severe
asthma
(n = 216)

FIGURE 3

Normal

0.3 (0.6), P=0.020

Elevated

0.8 (1.6)

Normal

0.2 (0.5), P < 0.001

Elevated

0.5 (1.1)
0.4 (0.9), P=0.008

Normal
Elevated

0.8 (1.5)

Normal

0.2 (0.6), P<0.001

Elevated
0.0

0.5 (1.2)
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Mean Admissions
SD = standard deviation.

with a 53% increase in mean cost compared to the normal
eosinophil group (cost ratio [CR] = 1.53, 95% CI = 1.22-1.93).
Similarly, elevated eosinophil level was associated with a 62%
increase in mean cost within the controlled asthma subgroup
(CR = 1.62, 95% CI = 1.45-1.82).
■■ Discussion
The economic and clinical burden of uncontrolled asthma has
been extensively studied with various definitions using questionnaires, productivity assessments, and the Global Initiative
for Asthma guidelines.15 The literature is consistent in reporting a greater burden among this difficult-to-manage subgroup
of asthma patients, and our findings build upon this body of
work.2,16,17 We found uncontrolled asthma to be a significant
driver of total health care cost. In fact, Sullivan et al. (2007)
reported that costs for uncontrolled asthma ($14,212) were
more than double that of controlled asthma ($6,452), which is
precisely in line with our study results.2
Setting this research apart, our lens is enhanced by new
symptom control definitions offered in the ERS/ATS report.
The formation of an expert group by the National Institute of
Health (NIH) to classify key biological outcome measures for
federally sponsored asthma research demonstrates a movement
to better align patient phenotype with choice of therapeutic
intervention. The importance of blood eosinophil measurement
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is evidenced by its recommendation as a supplemental biomarker by the NIH asthma report.17
What remains underreported in the literature is the large
increase in cost corresponding to eosinophil elevation.3 We
found that within our group of patients with uncontrolled
asthma, a population already incurring greater cost, a comparative subgroup of patients with eosinophil elevation were
associated with significantly greater expenditures. This relationship held true within the controlled asthma subgroup as
well. Furthermore, this subgroup of elevated eosinophil patients
registers almost twice the cost of those without elevation.
Eosinophil elevation leads to greater costs, irrespective of
control classification, thus highlighting that blood eosinophil
level is an important biomarker to consider during asthma
management, especially for patients with difficult-to-control
asthma. The need to focus on better management of uncontrolled asthma is well documented in the literature. However,
this study describes the gap in clinical management of the
elevated eosinophil subgroup.
Limitations
This study has some limitations that should be acknowledged.
Asthma control status may have been misclassified because of
lack of patient symptom data. Patient-reported outcomes were
not included in our definition of asthma control, and we did not
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TABLE 2

Factors Associated with Total Annual Cost

Independent Variables
Exponentiated Estimate
Overall (n = 2,701)
Elevated eosinophils (vs. normal)
1.62
Uncontrolled asthma (vs. controlled)
1.71
Female (vs. male)
1.07
Age
1.03
African American (vs. Caucasian)
0.96
Hispanic (vs. Caucasian)
0.95
Other (vs. Caucasian)
0.92
CCI score
1.35
Uncontrolled asthma patients only (n = 456)
Elevated eosinophils (vs. normal)
1.53
Female (vs. male)
1.03
Age
1.01
African American (vs. Caucasian)
0.86
Hispanic (vs. Caucasian)
0.93
Other (vs. Caucasian)
0.94
CCI score
1.55
Controlled asthma patients only (n=2,245)
Elevated eosinophils (vs. normal)
1.62
Female (vs. male)
1.08
Age
1.03
African American (vs. Caucasian)
0.98
Hispanic (vs. Caucasian)
0.95
Other (vs. Caucasian)
0.91
CCI score
1.28
CCI = Charlson Comorbidity Index; LCL = lower confidence limit; UCL = upper confidence limit.

LCL

UCL

P Value

1.46
1.54
0.97
1.02
0.85
0.85
0.82
1.28

1.80
1.91
1.17
1.03
1.08
1.05
1.04
1.42

< 0.001
< 0.001
0.158
< 0.001
0.520
0.310
0.182
< 0.001

1.22
0.82
1.01
0.61
0.72
0.70
1.38

1.93
1.31
1.02
1.21
1.19
1.27
1.74

< 0.001
0.773
< 0.001
0.397
0.558
0.702
< 0.001

1.45
0.98
1.03
0.86
0.85
0.80
1.21

1.82
1.20
1.03
1.11
1.06
1.04
1.36

< 0.001
0.107
< 0.001
0.750
0.375
0.157
< 0.001

  

identify control status based on poor symptom control, using
the Asthma Control Questionnaire as noted in the ERS/ATS
guidelines. The influence of other potentially important
patient-related factors (e.g., smoking status) was not considered. The reason for eosinophil elevation was not accounted
for in this study and could be present, which may lead to an
overestimation of patients with eosinophil elevation because of
underlying asthma. Almost half of the patients identified initially with asthma (2,066 of 4,767) did not have an eosinophil
level. Patients who have an eosinophil level may be different in
clinical presentation or severity (more severe) compared with
patients who never receive an eosinophil test; therefore, our
results cannot be generalized to the entire asthma population.
This study used data from 7 states in the midwestern United
States so may not be nationally representative. Additionally, the
GLM only controlled for observable factors present in the data.
■■ Conclusions
Elevated eosinophil level was associated with additional health
care expenditure among patients with uncontrolled and controlled asthma.
90 Journal of Managed Care & Specialty Pharmacy
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