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a b s t r a c t

Background: Hospitalization is a major cause of medical expenditure for asthma. Budesonide inhalation
suspension (BIS) may assist in reducing asthma-related symptoms in severe asthma exacerbation.
However, its effectiveness for hospitalized patients remains poorly known. The objective of this study is
to determine associations of BIS with asthma hospitalization.
Methods: We retrospectively analyzed 98 patients who were admitted to our hospital due to severe
asthma exacerbation (24 treated with BIS in combination with procaterol) from April 2014 to January
2019. Length of stay, recovery time from symptoms (wheezes), and hospitalization costs were compared
between the 2 groups according to clinical factors including the use of BIS and sings of respiratory in-
fections (i.e. C-reactive protein, the presence of phlegm, and the use of antibiotics). Multivariate logistic
regression analysis was performed to determine factors contributing to hospitalization outcomes.
Results: The use of BIS was associated with shorter length of stay, faster recovery time from symptoms,
and more reduced hospitalization costs (6.0 vs 8.5 days, 2.5 vs 5.0 days, and 258,260 vs 343,350 JPY).
Signs of respiratory infection were also associated with hospitalization outcomes. On a multivariate
regression analysis, the use of BIS was a determinant of shortened length of stay and reduced symptoms
and medical costs for asthma hospitalization along with signs of respiratory infection.
Conclusions: BIS may contribute to shorten length of hospital stay and to reduce symptoms and medical
expenditure irrespective of the presence or absence of respiratory infection.
Copyright © 2020, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The prevalence of asthma has been increasing worldwide.1

Medical costs for asthma in Japan amounted to ¥ 333.7 billion ac-
cording to the national medical expense in 2017 published by
Japanese Ministry of Health, Labour and Welfare, 85% of which
were occupied by biologics for outpatients (https://www.mhlw.go.

jp/toukei/saikin/hw/k-iryohi/17/dl/toukei.pdf). On the other hand,
a systematic review has demonstrated that hospitalization is the
most important direct medical costs for asthma and contributes to
the impaired socio-economic activities for a few decades.2e5 In an
epidemiological survey regarding asthma hospitalization con-
ducted in the United States, hospitalization costs and length of stay
in 2010 were higher than those in 2001.6 Therefore, reduced
expenditure and shortened length of stay for asthma hospitaliza-
tion remain important problems.

Inhaled corticosteroids (ICSs) has a crucial role in the treatment
of asthma in clinical practice. Budesonide, one of ICSs, reduces the
risk of asthma exacerbation and improves asthma control and lung
function in mild adult asthmatics7,8 even if patients have been

* Corresponding author. Department of Respiratory Medicine, Allergy and Clin-
ical Immunology, Nagoya City University Graduate School of Medical Sciences, 1
Kawasumi, Mizuho-cho, Mizuho-ku, Nagoya, Aichi 467-0001, Japan.

E-mail address: kaney32@med.nagoya-cu.ac.jp (Y. Kanemitsu).
Peer review under responsibility of Japanese Society of Allergology.

Contents lists available at ScienceDirect

Allergology International

journal homepage: ht tp: / /www.elsevier .com/locate/al i t

https://doi.org/10.1016/j.alit.2020.04.003
1323-8930/Copyright © 2020, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Allergology International xxx (xxxx) xxx

Please cite this article as: Ito K et al., The impact of budesonide inhalation suspension for asthma hospitalization: In terms of length of stay,
recovery time from symptoms, and hospitalization costs, Allergology International, https://doi.org/10.1016/j.alit.2020.04.003

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.mhlw.go.jp/toukei/saikin/hw/k-iryohi/17/dl/toukei.pdf
https://www.mhlw.go.jp/toukei/saikin/hw/k-iryohi/17/dl/toukei.pdf
mailto:kaney32@med.nagoya-cu.ac.jp
www.sciencedirect.com/science/journal/13238930
http://http://www.elsevier.com/locate/alit
https://doi.org/10.1016/j.alit.2020.04.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.alit.2020.04.003


smoking.9 Several delivery devices are available for the inhalation
of budesonide; dry powder and metered dose inhalers, and a
nebulizer.10,11 Budesonide inhalation suspension (BIS) using a
nebulizer showed a comparable tolerability and efficiency to other
ICSs adopting dry powder and metered dose inhalers in patients
with moderate to severe asthma, as a controller medication.12 For
asthma exacerbations, BIS may assist in alleviating wheezes after
its commencement in both childhood and adult asthma.13e15 Also,
the use of BIS in emergency room could prevent asthma hospital-
ization in pediatric asthma.16,17 Thus, additional BIS in combination
with short-acting b2 agonists and systemic corticosteroids may be
useful for hospitalization due to severe asthma exacerbation not
only in children but also in adults. However, there is no report
regarding whether additional BIS could contribute to reduce
expenditure and shorten length of stay for asthma hospitalization
in adult asthma. Also, it remains poorly known which clinical fac-
tors are associatedwith hospitalization length and costs for asthma.

In this study, we aimed to clarify the efficacy of BIS in acute
asthma patients who were admitted to hospital in terms of length
of stay, recovery time from symptoms, and hospitalization costs.
Associations of theses indices with other factors such as sex, age,
smoking habit, clinical signs of respiratory infection [i.e. fever,
white blood cell count, C-reactive protein (CRP), the presences of
phlegm] and the use of ICSs, oral corticosteroids/biologics, antibi-
otics (ABx)/anti-influenza viral agents, and oxygen requirements
were also evaluated.

Methods

Patients recruitment, diagnosis of severe asthma exacerbation, and
endpoints of this study

We retrospectively analyzed patients who were admitted to our
hospital due to severe asthma exacerbation from April 2014 to
January 2019. Patients were selected from database in our hospital
using the International Statistical Classification of Diseases and
Related Health Problems, 10th revision coding system18 at the time
of admission as follows; (1) bronchial asthma, (2) bronchial asthma
attack, (3) status asthmaticus, and (4) severe asthma. Patients were
excluded if they required management of ventilation, did not
receive systemic corticosteroids (SCSs) during hospitalization pe-
riods, or had obvious pneumonia on chest X-rays. Diagnosis of se-
vere asthma exacerbation was made on the basis of exacerbated
symptoms, such as dyspnea, wheezing, cough, and chest tightness,
that required SCSs, short-acting b2 agonists with or without oxygen
at the emergency unit or outpatient clinic. The primary endpoint
was set at length of stay, and the secondary endpoints at recovery
time from symptoms and hospitalization costs. This study was
approved by the Ethics Committee of Nagoya City University
(Number 60-18-0204).

Criteria of admission to the hospital

Patients were considered to require hospitalization if symptoms
had been still persisting or exacerbating despite the administration
of SCSs in combination with short-acting b2 agonists at the emer-
gency unit or outpatient clinic, or they required oxygen because of
hypoxemia.

Treatments against severe asthma exacerbation during
hospitalization

Treatments against severe asthma exacerbation was conducted
by asthma specialists (YKa, KF, and MT) with residents specialized
in respirology (KI, YIn., HN, SY, and YKi) according to the Global

Initiative for Asthma (GINA) 2015 guideline.19 Briefly, they received
SCSs such as 1e4 mg of betamethasone or 10e40 mg of predniso-
lone twice or three times daily intravenously and 0.3 mL of pro-
caterol inhalation through nebulizers four times daily during
hospitalization. Oral or intravenous ABx/anti-influenza viral drugs
were also administrated if respiratory infection was suspected by
asthma specialists. All controller drugs for asthma including ICSs
were not withheld during hospitalization periods. All patients who
had not received any anti-asthma controller treatments at clinics or
hospitals received a combination of moderate doses of ICSs (fluti-
casone propionate equivalent 400 mg daily) and long-acting b2
agonists after being admitted to hospital. All patients underwent
education programme at least twice from pharmacists for the
purpose of improving inhalation technique and maintaining
medication adherence after discharge.20 From April 2018, BIS
0.25 mg four times daily (1 mg/day) was added to the nebulized
regular procaterol for all patients. Outcomes of these patients
(BISþ group) were compared with those of patients enrolled before
April 2018 (BIS� group) as a historical control.

Definition of recovery time from symptoms

Symptoms such as dyspnea, wheezing, cough and chest tight-
ness were considered to be alleviated if they were no longer felt out
by patients themselves. When wheezes were not audible on chest
examination, it was noted in medical records. Length until resolu-
tion of wheezes was calculated from medical records and adopted
as an objective index of recovery time from symptoms. When
wheezes were relievedwithin 3 days after admission, patients were
arbitrarily classified as well responders to treatments.

Criteria of discharge from the hospital

Patients were permitted discharge from the hospital if their
symptoms improved and were able to do daily activities without
oxygen. To avoid the recurrence of severe asthma exacerbation, all
patients were examined for their conditions and were prescribed
3e5 days of oral corticosteroids (prednisolone equivalent
20e30mg daily) at the discharge. Early dischargers were arbitrarily
defined as patients who discharged from hospital within 6 days
after admission.

Hospitalization costs

Hospitalization costs were calculated by Medical Professions
Division of our hospital on the basis of the diagnosis procedure
combination/per diem payment system (DPC/DPS).21 It includes
hospitalization fee, laboratory tests, diagnostic imaging, drug
administration, injections, and medical procedures, and excludes
high-price procedures and medication refills at the time of
discharge.22 According to the DPC/DPS system of Japan, the
permitted length of hospital stay for asthma exacerbation that can
be covered by the “comprehensive payment system” by govern-
ment is 6 days. If total expenditurewas higher than the amount of 6
days hospitalization defined by the DPC/DPS,21 patients were
categorized into intensive medical recipients. The amount of
expenditure for 6 days hospitalization during study periods are
shown in Supplementary Table 1, the average amount during the
study period was 268,840 JPY.

Statistics

Data were analyzed using JMP 11.2.0 Start Statics (SAS Institute
Inc., Cary, NC, USA), and were presented as median (ranges) or
number (%). Comparisons of length of stay, recovery time from
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symptoms, and hospitalization costs between the 2 groups strati-
fied according to the age (�65 years-old),23 smoking habits (never/
ex-/current), body temperature (�37.5 �C; the infection law of
Japan, https://www.mhlw.go.jp/web/t_doc?dataId¼00tb9642&
dataType¼1&pageNo¼1), white blood cell count (�9000/mL),24

CRP (�0.3 mg/dL),25 and the use of ICSs, regular oral corticoste-
roids/biologics, BIS, ABx/anti-influenza viral drugs, and oxygen
were performed using Wilcoxon rank-sum test. For dichotomous
variables (early dischargers, well responders, and intensivemedical
recipients), Chi-square or Fischer exact tests were applied for the
data analysis. An index with p of �0.15 by a comparison between
the two groups were adopted in a logistic regression analysis to
determine factors contributing to early dischargers, well re-
sponders, and intensive medical recipients. A p value <0.05 was
considered significant when a error was set at 5%.

Results

Patients characteristics

We selected 106 patients whowere admitted to our hospital due
to severe asthma exacerbation from database (Fig. 1). Among 106
patients, 4 required management of ventilation and 4 did not
receive SCSs but only ABx with and procaterol inhalation during
their hospitalization periods. Thus, 98 patients were eligible for this
study, comprised of 24 patients in the BISþ group and 74 in the
procaterol alone BIS� group.

Baseline characteristics between the two treatment groups and
treatment steps according to the GINA 2015 guideline at hospital-
ization are presented in Table 1 and Figure 2, respectively. Sixty-
four patients were routinely managed by clinicians, 50 of which
were treated by our group. Of these, 54 have received moderate or
high doses of ICSs and additional long-acting b2 agonists (n ¼ 54),
leukotriene receptor antagonists (n ¼ 42), oral corticosteroids
(n ¼ 5), and biologic agents (n ¼ 10). On the contrary, two were
prescribed short-acting b2 agonists only and 32 were not taking any
treatments against asthma by any clinicians. The 2 treatment
groups were similar, with no clinically relevant differences in
baseline characteristics such as sex, smoking habit, temperature,
white blood cell count, CRP, the use of ABx and oxygen, and the
presence of phlegm.

ABx or peramivir, an intravenous anti-influenza viral agent,
were commenced in 55 patients (56%) at the time of hospitalization
and they were classified into ABx/peramivirþ group, and the
remaining 43 patients into ABX/peramivir� groups. The break-
down of types of ABx/peramivir are as follows; intravenous 3rd

generation b-lactam (n ¼ 29, sulbactam/ampicillin or ceftriaxone),
intravenous 4th generation b-lactam (n ¼ 5, tazobactam/piper-
acillin) oral macrolides (n ¼ 12, clarithromycin or azithromycin),
oral quinolones (n ¼ 13, levofloxacin or garenoxacin), and per-
amivir (n¼ 4). Eight patients had received combination therapies of
ABx/peramivir (3rd generation b-lactam/oral macrolides; n¼ 4, 3rd
generation b-lactam/quinolones; n ¼ 1, 3rd generation b-lactam/
peramivir; n ¼ 2, and 4th generation b-lactam/oral quinolones;

Fig. 1. The diagram of studied patients. BIS, budesonide inhalation suspension.

Table 1
Characteristics of the patients at the time of hospitalization.

All patients
(n ¼ 98)

BIS�
(n ¼ 74)

BISþ
(n ¼ 24)

p
value

Age, yrs 61 (22e92) 59 (22e92) 69 (35e90) 0.095
Sex, females, n (%) 65 (66) 47 (64) 18 (75) 0.33
Smoking, never/ex/current, n

(%)
51 (52)/35
(36)/12 (12)

37 (50)/28
(38)/9 (12)

14 (58)/7
(29)/3 (13)

0.73

Body temperature, �C 36.9 (35.6
e39.9)

36.9 (35.6
e39.9)

37.0 (35.9
e38.8)

0.80

Febrile (�37.5 �C), n (%) 72 (73) 18 (24) 8 (33) 0.43
WBC, /mL 8800 (3800

e18,200)
9300 (3800
e18,200)

7950 (4300
e15,500)

0.09

WBC �9000/mL, n (%) 47 (48) 38 (51) 9 (38) 0.25
CRP, mg/dL 0.82 (0.03

e24.4)
0.81 (0.03
e24.4)

1.54 (0.03
e14.8)

0.58

CRP �0.3 mg/dL, n (%) 69 (71) 50 (69) 19 (79) 0.44
SpO2 at admission, % 94 (79e100) 95 (84e100) 94 (79e98) 0.24
Phlegm, n (%) 20 (20) 16 (22) 4 (17) 0.77
Daily treatments for asthma
ICSs use, n (%) 62 (63) 45 (61) 17 (71) 0.47
Doses, mg dailyy 640 (160

e1800)
640 (160
e1800)

640 (500
e1000)

0.66

LABAs use, n (%) 57 (58) 41 (55) 16 (67) 0.35
LTRAs use, n (%) 42 (43) 30 (41) 12 (50) 0.42
OCSs use, n (%) 5 (5) 4 (4) 2 (8) 0.59
Biologics, n (%) 10 (10) 7 (9) 3 (13) 0.70
Treatments for severe asthma exacerbation
Procaterol use, n (%) 98 (100) 74 (100) 24 (100) e

BIS use, n (%) 24 (24) 0 (0) 24 (100) e

Systemic corticosteroids, (PSL
equivalent) mg/day

60 (30e120) 60 (30e120) 60 (40e80) 0.48

ABx/peramivir use, n (%) 55 (56) 43 (58) 12 (50) 0.49
ABx/peramivir, combination,

n (%)
8 (15) 6 (14) 2 (17) >0.99

Oxygen, n (%) 41 (42) 29 (39) 12 (50) 0.35

WBC, white blood cell count; CRP, C-reactive protein; ICSs, inhaled corticosteroids;
LABAs, long-acting b2 agonists; LTRAs, leukotriene receptor antagonists; OCSs, oral
corticosteroids; BIS, budesonide inhalation suspension; PSL, prednisolone; ABx,
antibiotics.

y n ¼ 62 for all, n ¼ 45 for BIS�, n ¼ 17 for BISþ, n ¼ 8 for all, n ¼ 6 for BIS�, n ¼ 2
for BISþ.

Fig. 2. Treatment steps at the time of hospitalization according to the GINA 2015
guideline.
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n ¼ 1). Supplementary Table 2 shows the clinical characteristics at
baseline of patients in the ABx/peramivirþ and ABx/peramivir�
groups. ABx/peramivirþ group had higher body temperature and
CRP levels, and lower values of SpO2 at admission than ABx/
peramivir� group. This demonstrates, as expected, that ABx/
peramivirþ groups had more signs of respiratory infection than
ABx/peramivir� group. Although 8 patients had received combi-
nation therapies of ABx/peramivir, the proportion of such patients
did not differ between BISþ and BIS� groups (Table 1).

The efficacy of BIS for severe asthma exacerbation in terms of length
of stay, recovery time from symptoms, and hospitalization costs

Figure 3 depicts frequency distribution of patients with the two
treatment groups regarding length of stay, recovery time from
symptoms, and hospitalization costs. Themedian (ranges) length of
stay and recovery time from symptoms of all patients were 8 (3e19)
and 5 (1e12) days, respectively. Almost one-third of patients were
categorized into early dischargers (n ¼ 33, 34%) and well re-
sponders (n ¼ 34, 35%). Expenditure for hospitalization costed
307,490 (28,040e1,130,510) JPY. Sixty patients (61%) were consid-
ered as intensivemedical recipients arbitrarily defined according to
the DPS/DPS.

Length of stay, recovery time from symptoms, and hospitaliza-
tion costs were compared between BISþ and BIS� groups (Table 2).
As expected, BISþ group showed shorter length of stay and
recovered faster from exacerbated symptoms than BIS� group (6.0
days vs 8.5 days and p ¼ 0.01, and 2.5 days vs 5.0 days and
p < 0.001). Expenditure for hospitalization in BISþ group showed
25% reduction as compared to that in BIS- group (258,260 JPY vs
343,350 JPY and p ¼ 0.045).

The number of early dischargers, well responders, and intensive
medical recipients were also compared between the 2 groups
(Table 3). In BISþ groups, more than half patients were considered
as early dischargers (n¼ 13, 54%) andwell responders (n¼ 14, 58%),
respectively. Meanwhile, only less than 30% of patients met criteria
of early dischargers and well responders (n ¼ 20, 27% for both) in
BIS� group. There are significant differences in the number of early
dischargers and well responders between the 2 groups (Table 3).

However, the number of intensive medical recipients were only
marginally different between BISþ and BIS� groups (Table 3).

These finding indicate that BIS in combination with procaterol
was useful in terms of the shortened hospitalization periods,
fastened recover time from symptoms, and reduced hospitalization
costs in patients with asthma.

Other factors associated with length of stay, recovery time from
symptoms, and hospitalization costs

We sought to identify whether other clinical factors were
associated with length of stay, recovery time from symptoms, and
hospitalization costs (Table 2, 3). High CRP (�0.3 mg/dL) and the
ABx/peramivirþ groups required longer time until symptoms relief
than the counterpart group. They were also associated with higher
expenditure for hospitalization together with the presence of
phlegm and the use of oxygen (Table 2, 3). Early dischargers were
less prevalent in the ABx/peramivirþ group than in the ABx/
peramivir� group (Table 3).

Meanwhile, age of �65 years, sex, smoking habit, and the use of
ICSs and oral corticosteroids/biologics were unrelated to either
length of stay, recovery time from symptoms, or hospitalization
costs (Table 2).

Contributing factors for length of stay, recovery time from
symptoms, and hospitalization costs

Lastly, logistic regression analysis was performed using indices
with p of <0.15 to determine factors contributing to early dis-
chargers, well responders and intensive medical recipients
(Table 4). We found that the use of BIS contributed to early dis-
chargers, well responders, and less intensive medical recipients,
along with signs of respiratory infection such as the use of ABx/
peramivir, high CRP, and the presence of phlegm (Table 4). This
indicates that BIS is effective to shorten length of stay and to reduce
symptoms and medical expenditure irrespective of the presence or
absence of signs of respiratory infection.

Fig. 3. The distribution of length of hospital stay (A), recovery time from symptoms (B), and hospitalization costs (C). Length until resolution of wheezes was adopted as an index of
recovery time from symptoms.
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Discussion

Nowadays, asthmatic patients are imposed on substantial so-
cioeconomic burden worldwide.26,27 Although management of
asthma by ICSs can reduce the risk of hospitalization due to severe
asthma exacerbation,28 some patients still have to be admitted to
hospital because of poor knowledge for asthma self-management
and its severity.29,30 For pediatric asthma, although theophylline
fails to shorten length of stay by severe asthma exacerbation in
several reports,31,32 an additional 2 mg of BIS daily to standard
management reduces hospitalization periods.33 In the present
study, we have demonstrated for the first time that an additional
1 mg of BIS daily in combination with procaterol and intravenous
systemic corticosteroids is effective in adult asthma who are
admitted to hospital in terms of length of stay, recovery time from
symptoms, and hospitalization costs. The present findings provide
clinicians with a novel treatment recommendation for severe
asthma exacerbation requiring hospitalization.

The efficacy of BIS for asthma is mainly reported in a field of
pediatric asthma. It can improve not only asthma-related symp-
toms including wheezes13e17 but also pulmonary function in acute
asthma.13,14,17 Nebulized BIS using a jet nebulizer is rapidly absor-
bed throughout the lungs, and its plasma concentration reaches to
maximum within 30 min, with a terminal elimination half-life of
within 3 h.34 In adults, 58%e70% of the dose of nebulized BIS is
deposited into the lung.35 Good pharmacokinetics and pharmaco-
dynamics of BIS may offer preferable outcomes for length of stay,
recovery time from symptoms, and hospitalization costs as re-
ported in the present study as well as in previous studies.13e17

In this study, length of hospital stay is longer than that of pre-
vious reports from the United States (ranging 2e4 days).6,38 One
possible reason may be our meticulous educational intervention by
pharmacists. Educational intervention focusing on inhalation
technique and medication adherence by pharmacists can improve
not only asthma-related symptoms39 but also future asthma con-
trol in outpatients.20,40 Counseling during hospitalization by

pharmacist reduces emergency department visits and hospitaliza-
tion due to asthma attack after discharge, with the enhancement of
medication adherence.41 Time may be too limited to implement
asthma education if most of patients discharged within 4 days.
Although either the use of ICS or oral maintenance corticosteroids/
biologics did not relate to the length of stay, recovery time from
symptoms, or hospitalization costs, our cohort included 54 patients
(55%) undergoing treatment step 4/5 according to the GINA 2015
guideline, who are considered to have severe asthma. Of these, 50
were routinely managed for asthma in our hospital, a tertiary care
department for asthma. Thus, characteristics of patients with
asthma may be different from those of previous reports and other
general hospitals. Although there is no report of an association
between hospitalization and severity of asthma as far as we have
searched, more severe nature of our cohort might have prolonged
the length of stay and increased expenditure for asthma
hospitalization.

Additionally, comorbid respiratory infection such as acute
bronchitis and influenza virus infection would also affect the
severity of exacerbation, leading to prolonged length of stay and
higher medical expenditure. Respiratory infection is well known
trigger of asthma exacerbation not only in children but also in
adults.42,43 Human rhinovirus,42 followed by influenza virus,42

Chlamydophila pneumoniae,44e46 Mycoplasma pneumoniae,42,46

Haemophilus influenzae,47 and Streptcoccus pneumoniae48 are the
commonest causative microorganisms for asthma exacerbation or
hospitalization. In children, bacterial infection was independently
associated with acute wheezing episode up to three years, together
with viral infection.49 Iikura et al. has demonstrated that approxi-
mately 70% of adult patients with asthma hospitalization have
either or both viral and bacterial infection.48 Nowadays, hospitali-
zation length that can be covered comprehensively by government
is defined by the average length of hospitalization of whole Japan;
that is six days. However, it remains unclear whether this is long
enough to treat severe asthma exacerbation, or comprehensive
health care fees for the hospitalization (average 268,840 JPY from

Table 2
Comparisons of length of stay, recovery time from symptoms, and hospitalization costs between the two groups stratified according to age, sex, smoking habit, signs of
respiratory infection, and the use of inhaled corticosteroids, oral corticosteroids/biologics, BIS, antibiotics, and oxygen.

Clinical factors Length of stay Recovery time from symptoms Hospitalization costsy

p value p value p value

Age �65 yrs <65 yrs �65 yrs <65 yrs �65 yrs <65 yrs
7.5 (4e15) 8.0 (3e19) 0.92 5.0 (1e10) 5.0 (1e12) 0.36 3.1 (1.0e11.3) 3.1 (0.3e10.5) 0.60

Sex Females males Females males Females males
8.0 (3e14) 8.0 (4e19) 0.87 5.0 (1e10) 5.0 (1e12) 0.96 3.0 (1.0e10.5) 3.2 (0.3e11.3) 0.46

Smoking Never ex/current never ex/current Never ex/current
8.0 (3e14) 8.0 (4e19) 0.73 5.0 (1e10) 4.0 (1e12) 0.94 3.0 (1.0e7.0) 3.2 (0.3e11.3) 0.53

Body temperature �37.5 �C <37.5 �C �37.5 �C <37.5 �C �37.5 �C <37.5 �C
8 (4e15) 8 (3e19) 0.56 5.0 (1e10) 4.5 (1e12) 0.40 3.2 (2.0e11.3) 3.0 (0.3e10.5) 0.21

WBC �9000/mL <9000/mL �9000/mL <9000/mL �9000/mL <9000/mL
9 (3e19) 7 (4e15) 0.16 5.0 (1e10) 4.0 (1e12) 0.28 3.4 (0.3e8.9) 3.0 (1.0e11.3) 0.49

CRP �0.3 mg/dL <0.3 mg/dL �0.3 mg/dL <0.3 mg/dL �0.3 mg/dL <0.3 mg/dL
8.0 (3e19) 7.5 (4e13) 0.58 5.0 (1e12) 3.0 (1e10) 0.02 3.2 (0.3e11.3) 2.5 (1.0e8.3) 0.01

Phlegm þ e þ e þ e

9.0 (6e15) 7.5 (3e19) 0.11 5.0 (2e9) 4.0 (1e12) 0.30 3.9 (0.3e8.9) 2.9 (1.0e11.3) 0.02
ICSs þ e þ e þ e

8.0 (3e19) 7.0 (4e15) 0.38 4.0 (1e10) 5.0 (1e12) 0.24 3.1 (1.0e10.5) 3.1 (0.3e11.3) 0.87
OCSs/biologics þ e þ e þ e

7.5 (4e13) 8.0 (3e19) 0.93 4.5 (1e10) 5.0 (1e12) 0.85 3.8 (2.0e8.9) 3.0 (0.3e11.3) 0.24
BIS þ e þ e þ e

6.0 (4e11) 8.5 (3e19) 0.01 2.5 (1e7) 5.0 (1e12) <0.0001 2.6 (1.0e6.6) 3.4 (0.3e11.3) 0.045
ABx/peramivir þ e þ e þ e

8.0 (3e19) 7.0 (4e13) 0.12 5.0 (1e10) 4.0 (1e12) 0.04 3.7 (1.8e11.3) 2.5 (0.3e10.5) 0.008
Oxygen þ e þ e þ e

8.0 (3e19) 8.0 (4e15) 0.39 5.0 (1e10) 4.0 (1e12) 0.28 3.7 (2.0e10.5) 2.8 (0.3e11.3) 0.004

WBC, white blood cell count; CRP, C-reactive protein; BIS, budesonide inhalation suspension; ICS, inhaled corticosteroids; OCS, oral corticosteroids; ABx, antibiotics.
y Hospitalization costs were noted in �105 JPY.
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2014 to 2018) are properly defined. Although we did not evaluate
causative pathogens in all patients with respiratory infection in the
present study, additional length of stay and cost for asthma hos-
pitalization should be reconsidered hereafter when comorbid res-
piratory infection is suspected from physical and laboratory
findings [i.e. fever (�37.5 �C), elevated CRP levels, and the presence
of phlegm]. Meanwhile, ABx should not be used routinely unless
respiratory infection is strongly suspected because a Cochrane
Database review show limited effect of ABx on asthma
exacerbation.50

There are a number of limitations in our study. First, this was a
retrospective study conducted in a single tertiaryasthma care center
involving small sample size (n ¼ 98), including a historical control
group. Also, patients who requiredmanagement of ventilationwere
excluded. Indeed, the decision of discharge and the evaluation of
symptoms relief might have differed among attending physicians,
leading to bias of length of stay, recovery time from symptoms, and
hospitalization costs. Therefore, the present findings may not be
applicable to clinical practice in general. Also, several reports have
already demonstrated the efficacy of BIS for acute asthma exacer-
bation.13�17 However, little is known regarding clinical factors
contributing to prolonged length of stay, persistent asthma-related

symptoms and increased hospitalization costs. Our study is novel
in that we have evaluated factors associated with not only hospi-
talization periods but also with recovery time from symptoms and
hospitalization costs in detail. There was no difference in our pa-
tients' backgroundbetween the active treatment groupwith BIS and
the historical control group (Table 1). Second, we did not evaluate
adverse events caused by BIS. According to the medical records,
none of the participants experienced any obvious serious adverse
events. However, we should prospectively evaluate the safety and
tolerability of BIS as well as ABx. Third, asthma-related symptoms
other than wheezes could not be evaluated. To determine associa-
tionsbetweenasthma-related symptomsand theuseof BIS,weneed
to quantify or semiquantify symptoms by using such as visual
analogue scales in future studies. Albeit there remain these con-
cerns, the present findings would lead to reconsideration of treat-
ment strategy for asthma hospitalization. To build new evidence of
BIS as a treatment option for asthma exacerbation, however, multi-
center, randomized, blinded, prospective studies are necessary.

In conclusion, additional BIS in combinationwith procaterol and
intravenous SCSsmay be useful for acute asthma hospitalizations in
terms of length of stay, recovery time from symptoms, and hospi-
talization costs. The present findings may be useful for reduced

Table 3
Comparisons of early dischargers, well responders, and intensivemedical recipients in patients whowere admitted to hospital between the 2 groups stratified according to age,
sex, smoking habit, signs of respiratory infection, and the use of inhaled corticosteroids, oral corticosteroids/biologics, BIS, antibiotics and oxygen.

Clinical factors, n (%) Early dischargers Well responders Intensive medical recipients

p value p value p value

Age �65 yrs <65 yrs �65 yrs <65 yrs �65 yrs <65 yrs
18 (32) 15 (36) 0.71 16 (38) 18 (32) 0.54 24 (57) 36 (64) 0.47

Sex Females males Females males Females males
20 (31) 13 (39) 0.39 24 (37) 10 (30) 0.52 38 (58) 22 (67) 0.43

Smoking Never ex/current never ex/current Never ex/current
16 (31) 17 (36) 0.62 18 (35) 16 (34) 0.90 32 (63) 28 (60) 0.75

Body temperature �37.5 �C <37.5 �C �37.5 �C <37.5 �C �37.5 �C <37.5 �C
10 (38) 23 (32) 0.55 5 (19) 29 (40) 0.06 19 (73) 41 (57) 0.17

WBC �9000/mL <9000/mL �9000/mL <9000/mL �9000/mL <9000/mL
12 (26) 21 (41) 0.10 14 (30) 20 (39) 0.33 31 (66) 29 (57) 0.36

CRP �0.3 mg/dL <0.3 mg/dL �0.3 mg/dL <0.3 mg/dL �0.3 mg/dL <0.3 mg/dL
21 (30) 11 (39) 0.40 17 (25) 16 (57) 0.002 49 (71) 11 (39) 0.004

Phlegm þ ¡ þ ¡ þ ¡
4 (20) 29 (37) 0.19 4 (20) 30 (38) 0.19 18 (90) 42 (53) 0.003

ICSs þ ¡ þ ¡ þ ¡
20 (32) 13 (36) 0.70 26 (42) 8 (22) 0.052 39 (63) 21 (58) 0.65

OCSs/biologics þ ¡ þ ¡ þ ¡
7 (50) 26 (31) 0.22 6 (43) 28 (33) 0.55 10 (71) 50 (60) 0.39

BIS þ ¡ þ ¡ þ ¡
13 (54) 20 (27) 0.01 14 (58) 20 (27) 0.005 11 (46) 49 (66) 0.08

ABx/peramivir þ ¡ þ ¡ þ ¡
13 (24) 20 (47) 0.02 13 (24) 21 (49) 0.009 40 (73) 20 (47) 0.008

Oxygen þ ¡ þ ¡ þ ¡
15 (37) 18 (32) 0.60 10 (24) 24 (42) 0.07 31 (76) 29 (51) 0.01

WBC, white blood cell count; CRP, C-reactive protein; ICS, inhaled corticosteroids; OCS, oral corticosteroids; BIS, budesonide inhalation suspension; ABx, antibiotics.

Table 4
Factors contributing to early dischargers, well responders, and intensive medical recipients in patients who were admitted to hospital.

Early dischargers Well responders Intensive medical recipients

Odds ratio 95% C.I. p value Odds ratio 95% C.I. p value Odds ratio 95% C.I. p value

Body temperature, �37.5 �C e e e 0.57 0.16; 2.10 0.40 e e e

WBC, �9000/mL 0.59 0.24; 1.48 0.26 e e e e e e

CRP, �0.3 mg/dL e e e 0.28 0.09; 0.92 0.04 2.70 0.87; 8.36 0.09
The presence of phlegm e e e e e e 6.61 1.23; 35.6 0.03
The use of ICS e e e 1.75 0.57; 5.41 0.33 e e e

The use of BIS 2.99 1.11, 8.06 0.03 6.58 2.03; 21.3 0.002 0.29 0.10; 0.85 0.02
The use of ABx/peramivir 0.38 0.16; 0.94 0.03 0.67 0.23; 1.93 0.46 1.74 0.63; 4.85 0.29
The use of oxygen e e e 0.53 0.19; 1.52 0.24 2.45 0.89; 6.74 0.08

95% C.I., A 95% confidence intervals; WBC, white blood cell; CRP, C-reactive protein; ICS, inhaled corticosteroids; OCS, oral corticosteroids; BIS, budesonide inhalation sus-
pension; ABx, antibiotics.
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medical expenditure for asthma. To further determine the impact of
BIS for asthma hospitalization in terms of the socio-economic
burden, larger studies are necessary. Additionally, we should also
investigate proper hospitalization periods for reducing risk of the
recurrence of asthma exacerbations after discharge in the future
studies.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.alit.2020.04.003.
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Supplementary Table 1.  The annual amount for asthma hospitalization expenditure in 

our hospital during study period 

Fiscal year 2014 2015 2016 2017 2018 

Amount, JPY 261730 271490 270530 270530 269930 

 
  



Supplementary Table 2. Comparison of factors related to respiratory infection at 

admission between antibiotics (Abx)/peramivir + and ABx/peramivir – groups  

 All patients 

(n = 98) 
ABX/ peramivir + 

(n = 43) 

ABX/ peramivir - 
(n = 55) 

p value 

Body temperature, ℃ 36.9 (35.6-39.9) 37.1 (35.6-39.9) 36.7 (35.9-38.5) 0.0005 

Febrile (≥37.5 ℃), n (%) 26 (27) 20 (36) 6 (14) 0.02 

WBC, /µL 8800 (3800-18200) 9200 (3800-18200) 8200 (4300-16300) 0.19 

WBC ≥9000 /µL, n (%) 47 (48) 30 (55) 17 (40) 0.14 

CRP, mg/dL 0.82 (0.03-24.4) 1.91 (0.04-24.4) 0.28 (0.03-5.78) <0.0001 

CRP ≥0.3 mg/dL, n (%) 69 (71) 48 (87) 21 (50) <0.0001 

SpO2 at admission, % 94 (79-100) 93 (79-100) 95 (81-99) 0.03 

Oxygen, required, n (%) 41 (42) 27 (49) 14 (33) 0.10 

Phlegm, n (%) 20 (20) 14 (25) 6 (14) 0.21 

ABx: antibiotics, peramivir: an intravenous anti-influenza viral agent 
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