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a b s t r a c t

Background: Recent studies have identified the “eosinophilic phenotype” of asthma that is characterized
by persistent eosinophilic inflammation and frequent exacerbations. However, the prevalence of eosin-
ophilia in patients hospitalized for asthma exacerbation is not known.
Methods: We performed a pilot study in two sites participating in a multicenter chart review project of
children and adults hospitalized for asthma exacerbation during 2012e2013. The pilot study investigated
the prevalence of blood eosinophilia in this patient population. Eosinophilia was defined as a count of
�300 cells/microliter at some time during the hospitalization.
Results: Among 80 patients hospitalized for asthma exacerbation, 47 (59%) underwent CBC with dif-
ferential and had data on blood eosinophil count. These 47 comprised the analytic cohort. The median
patient age was 32 years (IQR, 24e44 years), and 51% were female. Overall, 40% (95% CI, 26%e56%) of
patients had eosinophilia. Although statistical power was limited, there were no statistically significant
differences in patient characteristics or hospital course between patients with eosinophilia and those
without (all P > 0.05).
Conclusion: Our pilot study showed that 40% of patients hospitalized for asthma exacerbation had
eosinophilia. The clinical meaning of this biomarker in the emergency department/inpatient setting
requires further study in much larger samples with long-term follow-up; such studies appear feasible.

© 2015 Elsevier Ltd. All rights reserved.

Asthma remains an important public health problem in the
United States. Asthma prevalence is at historically high levels,
affecting 26 million in 2011 [1]. Despite the availability of many
treatments, approximately 10% of patients have severe disease that
is associated with substantial morbidity and economic effects [2].
The clinical syndrome of severe chronic asthma is increasingly
recognized as comprised of various phenotypes [3]. For example,
individuals who develop asthma during early childhood differ in
many ways from those who develop it during middle-age. Several
studies have identified the “eosinophilic phenotype” that is char-
acterized by persistent eosinophilic inflammation and frequent
exacerbations [4e7]. Moreover, recent clinical trials with

monoclonal antibodies against interleukin-5 and interleukin-4 re-
ceptor have demonstrated decreases in the rate of asthma exacer-
bations and the dose of systemic corticosteroids required in
patients with blood eosinophilia [8e11]. These data collectively
support blood eosinophilia as away to identify patients with severe
eosinophilic asthma who might benefit from a targeted therapy
[12]. Despite the clinical and research importance, to the best of our
knowledge, no studies have examined the prevalence of eosino-
philia in patients hospitalized for asthma exacerbation. In this
context, we sought to determine the prevalence of patients with
eosinophilia, and to describe their clinical characteristics by using
the data of a well-characterized cohort of patients hospitalized
with asthma exacerbation.

To address the knowledge gap, we added a pilot study to our
multicenter chart review project e the 37th Multicenter Airway
Research Collaboration (MARC-37) Study. The study design, setting,
participants, and measured variables have been reported previ-
ously [13,14]. Briefly, we used a primary discharge diagnosis of

Abbreviations: CI, confidence interval; IQR, interquartile range; MARC, Multi-
center Airway Research Collaboration.
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asthma (ICD-9-CM code, 493) to identify all hospitalizations made
by children and adults with history of physician-diagnosed asthma
in 2012e2013. After completing training (lecture, practice charts,
and certification), onsite chart abstractors reviewed 40 randomly-
selected charts. Using a standardized form, investigators
abstracted data, including patients' demographics, past asthma
history and medications, presentation, and asthma management in
the hospital. In two of the participating hospitals (Brigham and
Women's Hospital and Massachusetts General Hospital), we per-
formed an ancillary (pilot) study to collect information on blood
eosinophil count during the in-hospital course (i.e., emergency
department/clinic and inpatient setting). All patients were
managed at the discretion of the treating physician. The institu-
tional review board of participating hospitals approved the study.

The primary outcome was the prevalence of eosinophilia. Based
on the eligibility criterion used in prior trials [8e11], eosinophilia
was defined as an eosinophil count �300 cells/microliter in pe-
ripheral blood at some time during the hospitalization. We
compared patient demographic characteristics, asthma history, and
clinical course between patients with eosinophilia and those

without, by using c2, Fisher exact, or Wilcoxon-Mann-Whitney
tests as appropriate. All analyses were performed with SAS 9.4
(SAS Institute, Cary, NC). All tests were two-tailed, and P < 0.05 was
regarded as statistically significant.

Among 80 patients hospitalized for asthma exacerbation, 47
(59%) had data on blood eosinophil count and were included in this
analysis. The analytic (n ¼ 47) and non-analytic (n ¼ 33) cohort
differed by age (median, 32 vs 11 years, respectively; P < 0.001).
Age-adjusted comparison of other factors suggested the groups
were mostly similar (P > 0.05; Supplemental Table 1); but the an-
alytic cohort was more likely to have markers of severe chronic
asthma (e.g., hospitalization for asthma in the previous year) and
markers of severe acute asthma (e.g., a longer hospital length-of-
stay).

Of the 47 patients in the analytic cohort, the median age was 32
years (IQR, 24e44 years), and 51% were female. Additionally, 4% of
patients had been onmaintenance treatment of oral corticosteroids
prior to their hospitalization. Overall, 40% (95% CI, 26%e56%) of
patients had blood eosinophilia. Although statistical power was
limited, there were no statistically significant differences in patient

Table 1
Characteristics of patients hospitalized with asthma exacerbation According to blood eosinophilia status.

Eosinophilia (�300 cells/mcl) No eosinophilia

Patient characteristics n ¼ 19 n ¼ 28 P value
Demographics
Age (year), median (IQR) 37 (25e44) 32 (24e43) 0.20
Female sex 10 (52) 14 (50) 0.86
Race/ethnicity 0.17
Non-hispanic white 5 (26) 2 (7)
Non-hispanic black 6 (32) 11 (39)
Hispanic ethnicity 7 (37) 8 (29)
Others/missing 1 (5) 7 (25)

Health insurance 0.43
Private 5 (26) 5 (18)
Public 13 (68) 23 (82)
No insurance 1 (5) 0 (0)

Estimated median household income ($), median (IQR) 47,073 (40,713e73,542) 41,150 (38,575e52,878) 0.11
Having primary care physician 15 (79) 26 (93) 0.30

Chronic asthma factors
Current smoker 5 (26) 7 (25) 0.92
Hospitalization for asthma in past 12 months 9 (47) 20 (71) 0.10

Chronic asthma management
Current asthma medications
Chronic use of oral corticosteroids 1 (5) 1 (4) 0.78
Current use of ICS 12 (63) 24 (86) 0.09
Current use of ICS-LABA 6 (32) 16 (57) 0.12

Current use of leukotriene modifiers 8 (42) 9 (32) 0.49
Seen by asthma specialist in past 12 months 3 (16) 5 (18) 0.92
Presentation and ED/clinic course
Vital signs
Initial respiratory rate (breaths/min), median (IQR) 26 (20e32) 24 (20e34) 0.56
Initial oxygen saturation (%), median (IQR) 94 (90e98) 95 (90e98) 0.88

Initial PEF (L/min)a, median (IQR) 250 (150e300) 180 (105e273) 0.46
Blood neutrophil count (cells/microliter) 10,257 (8469e11,243) 9107 (5952e11,945) 0.93
Concomitant medical disordersb 6 (32) 9 (32) 0.83

Inpatient course
Initial admission location 0.99
ED observation unit 6 (32) 8 (29)
Hospital ward 9 (47) 14 (50)
ICU 4 (21) 6 (21)

Acute asthma treatment
Non-invasive positive pressure ventilation 1 (5) 3 (11) 0.64
Intubation 3 (16) 1 (4) 0.29

Hospital length-of-stay (d), median (IQR) 2 (0e4) 3 (1e4) 0.26
Disposition 0.99
Sent home 19 (100) 27 (96)
Died in the hospital 0 (0) 1 (4)

IQR, interquartile range; ED, emergency department; ICS, inhaled corticosteroids; LABA, long-acting b-agonist; PEF, peak expiratory flow; ICU, intensive care unit.
Data were presented as % unless otherwise indicated.

a Analyzed for 13 patients with initial PEF available.
b Defined by pneumonia, congestive heart failure, pneumothorax, arrhythmia, and others.
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characteristics, or hospital course between patients with eosino-
philia and those without (all P > 0.05; Table 1). The use of an
alternative blood eosinophil cut-off level (�150 cells/microliter)
demonstrated that 64% of patients (n ¼ 30) had an elevated
eosinophil count (i.e., 36% had a blood eosinophil level of
<150 cells/microliter).

This pilot study of patients hospitalized for asthma exacerbation
demonstrated that 40% of patients had blood eosinophilia. To the
best of our knowledge, this is the first study to investigate the
prevalence of blood eosinophilia in hospitalized patients. This
study population contributes to a substantial public health burden
e 372,000 asthma-related hospitalizations with an estimated
direct cost of more than $2 billion annually [15]; therefore, our
findings are relevant to hundreds of thousands of high-risk and
costly patients with asthma. Additionally, these patients are at
higher risk of future exacerbations [16], and hence are the ones for
which targeted interventions are most urgently warranted.

Because of the population and setting of this study, our findings
might not be fully generalizable to those in the community or
ambulatory settings. The 40% estimate is helpful, however, because
the previous community-based studies of chronic severe asthma
that identified the eosinophilic phenotype did not report the
prevalence of blood eosinophilia [4e7]. Our findings should facili-
tate further investigation of patients with severe eosinophilic
asthma who might benefit from targeted therapies.

Our study has several potential limitations. First, approximately
40% of patients did not have data on blood eosinophil count, and
exclusion of these patients may have introduced bias. The higher
proportion of patients with more-severe chronic and acute asthma
in the analytic cohort suggests that our study populationwas sicker
than overall patients hospitalized for asthma exacerbation. How-
ever, it is precisely this population for which better identifications
and prevention strategies are warranted. Second, the data relied on
chart review, and therefore, measurement error is possible. How-
ever, we used a previously-applied data collection system with
uniform definitions and rigorous training, which achieved a high
inter-rater agreement in our previous study [17]. Finally, we found
no statistically significant differences in patient characteristics be-
tween groups. We believe, however, that this is likely due to the
small sample size.

In sum, our pilot study showed that a surprisingly high per-
centage (40%) of patients hospitalized for asthma exacerbation had
blood eosinophilia (defined as �300 cells/microliter). The clinical
meaning of this biomarker in the emergency department/inpatient
setting requires further investigation inmuch larger samples with a
long-term follow-up; such studies appear feasible. Better identifi-
cation of acutely ill patients at increased risk of future asthma ex-
acerbations will facilitate research into new prevention strategies
for this high-risk and costly patient population.
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Supplemental Table 1. Age-standardized Patient Characteristics in the Analytic and non-Analytic
Cohort

Analytic
cohort

Non-analytic
cohort

Patient characteristics n=47 n=33 P value
Demographics

Female sex 46 47 0.99
Race/ethnicity 0.99

Non-Hispanic white 16 17
Non-Hispanic black 36 20
Hispanic ethnicity 31 39
Others 8 6

Health insurance 0.29
Private 20 29
Public 73 66
No insurance 0 4

Estimated median household income ($), mean (SD) 51,031
(14,839)

56,956
(13,351)

0.31

Having primary care physician 90 80 0.22
Chronic asthma factors

Current smoker 22 25 0.79
Hospitalization for asthma in past 12 months 67 36 0.01

Chronic asthma management
Current asthma medications

Chronic use of oral corticosteroids 3 7 0.57
Current use of ICS 80 67 0.19

Current use of ICS-LABA 42 17 0.03
Current use of leukotriene modifiers 37 19 0.13

Seen by asthma specialist in past 12 months 28 47 0.06
Presentation and ED/clinic course

Vital signs
Initial respiratory rate (breaths/min), mean (SD) 29 (7) 26 (6) 0.11
Initial oxygen saturation (%), mean (SD) 93 (5) 95 (3) 0.17

Initial PEF (L/min), mean (SD) 197 (87) 231 (48) 0.45
Concomitant medical disorders 34 9 0.02

Inpatient course
Initial admission location 0.18

ED observation unit 27 49
Hospital ward 43 37
ICU 30 14

Acute asthma treatment
Non-invasive positive pressure ventilation 7 0 0.26
Intubation 13 0 0.04



Hospital length-of-stay (d), mean (SD) 3 (3) 1 (1) 0.01
Disposition 0.99

Sent home 97 100
Died in the hospital 3 0

ED, emergency department; ICS, inhaled corticosteroids; LABA, long-acting β-agonist; SD, standard
deviation; PEF, peak expiratory flow; ICU, intensive care unit
Data were presented as % unless otherwise indicated.


	2015-109-1230-2.pdf
	Prevalence of eosinophilia in hospitalized patients with asthma exacerbation
	Funding
	Conflict of interest
	Appendix A. Supplementary data
	References


	mmc1(3).pdf

