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ABSTRACT

Introduction: Data are lacking on severe asthma
burden in elderly people in Japan. We assessed
the prevalence and clinical/economic burden of
severe asthma and asthma-related hospitaliza-
tions in elderly and younger Japanese patients.
Methods: This retrospective study analyzed
outpatient claims data and inpatient hospital
discharge records among patients
aged C 15 years with asthma (defined as C 2
prescriptions of inhaled corticosteroids [ICS] or
ICS/long-acting beta-agonists [LABA]) between
1 July 2014 and 30 June 2017. We analyzed the
outpatient visit assessment population with
severe asthma (C 240-day prescription of high-
dose ICS and C 90-day prescription of C 1
additional controllers) and the asthma-related
hospitalization population (C 1 hospital

admission[S] with a primary diagnosis of
asthma/status asthmaticus and use of systemic
corticosteroids) over a 1-year observation period
before the date of each patient’s latest asthma
prescription or asthma-related hospitalization
within the study period. The primary outcome
was the proportion of elderly (C 65 years) and
younger (15–39 and 40–64 years) patients
among the outpatient visit assessment popula-
tion. Secondary outcomes included outpatient
and inpatient characteristics, asthma-related
healthcare resource utilization, and asthma-as-
sociated costs, by age group.
Results: Of the outpatient visit assessment pop-
ulation (n = 35,742), 4211 had severe asthma,
withtheprevalenceof8.2%,12.8%,and12.4%for
the 15–39, 40–64, and C 65 years age groups,
respectively. Elderly versus younger outpatients
with severe asthma had higher cumulative oral
corticosteroid doses. Among both outpatient visit
assessment population and hospitalization
assessment population, elderly versus younger
outpatients with severe asthma or asthma-related
hospitalizations had more comorbidities,
required more biological, hematological,
immunological, and microbiological tests, and
incurred higher asthma-associated costs.
Conclusions: In addition to reaffirming the
higher prevalence of severe asthma in Japanese
patients C 40 years versus those\40 years of
age, our results demonstrated higher clinical
and economic burden in elderly versus younger
patients.
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Key Summary Points

Why carry out this study?

Japan has an ever-increasing elderly
population, and severe asthma is generally
considered to be more common in elderly
compared with younger patients.

However, the disease burden of severe
asthma is not well documented in elderly
Japanese patients.

This study assessed the prevalence, as well
as the clinical and economic burden of
severe asthma in Japanese patients
according to age (15–39, 40–64,
and C 65 years).

What was learned from the study?

In addition to reaffirming that severe
asthma is more common among Japanese
patients

C 40 years than those\ 40 years of age,
the results demonstrated that elderly
Japanese patients (C 65 years) generally
have a higher clinical and economic
asthma burden than younger Japanese
patients.

This highlights a need for treatment
options that help to improve asthma
control in elderly patients with severe
asthma in Japan, which may reduce the
need for specialist healthcare and
associated costs for these patients.

INTRODUCTION

Asthma is a heterogeneous disease characterized
by chronic airway inflammation and respiratory
symptoms [1], and is estimated to affect
approximately 339 million people worldwide
[2]. Disease severity varies between patients.
International (European Respiratory Society/

American Thoracic Society) guidelines define
severe asthma as asthma that requires treatment
with high-dose inhaled corticosteroids (ICS)
plus a second controller medication and/or
systemic corticosteroids for C 50% of the year
to maintain asthma control, or asthma that
remains uncontrolled despite these treatments.
The likelihood of developing severe asthma
increases with age, which is an independent risk
factor for the development of severe asthma
that has a stronger impact than other factors
such as disease duration [3]. Severe asthma is
therefore generally thought to affect a greater
proportion of elderly patients than younger
patients.

Severe asthma is estimated to affect 5–10% of
the global asthma population and 8–11% of
people with asthma in Japan [4, 5]. A recent
retrospective database study found an associa-
tion between severe asthma and a significant
disease burden in Japanese workers and their
family members aged 15–65 years [6]. This study
also suggests that Japanese patients with severe
asthma are generally older than those with mild
or moderate asthma. However, the claims
database used for this analysis and for other
recent studies was limited only to employees,
who are likely to retire around 60–65 years of
age and therefore drop out from the database
[4, 6]. Furthermore, severe asthma places a dis-
proportionately high burden on healthcare
systems; in a number of geographic regions, it
has been shown that the rates of healthcare
resource utilization (HCRU) and healthcare
costs are higher for patients with severe asthma
compared with those with non-severe asthma
[7–9].

Since the older population in Japan is
growing and the life expectancy in Japan is
now 82 years of age for both males and females
[10, 11], it is particularly important to improve
our understanding of the clinical and eco-
nomic burden of diseases such as severe
asthma in elderly Japanese patients. However,
the prevalence and disease burden of severe
asthma in a real-world setting is currently not
well documented for elderly patients in Japan.
This study aimed to determine the prevalence
and burden of severe asthma in Japanese
patients C 65 years of age, compared with that
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in younger patients, using real-world data from
outpatient administrative claims. Moreover,
the burden of asthma-related hospitalization
by age group was assessed using inpatient
claims data.

METHODS

Study Design and Data Source

The data source of this study (GlaxoSmithKline
(GSK) ID: HO-16-17890) was a hospital-based
database provided by Medical Data Vision
(MDV) Co., Ltd (Tokyo, Japan). The MDV
database is a hospital-based database including
hospitals throughout Japan participating in the
national diagnosis–procedure combination
(DPC) payment system [12]. Because the DPC
payment system applies to only hospitalization
records, the MDV database covers only hospi-
tals with inpatient facilities and thus does not
include outpatient clinics. All the patients
covered by this study regularly visited DPC
hospitals for treatment of asthma. Although
the Japanese healthcare system allows free
access to medical services, there may be more
severe cases in hospitals, where more specialists
are available, than in outpatient clinics in
general. Data were collected during the study
period, from 1 July 2014 to 30 June 2017. Since
a hospital-based database was used for patient
identification, we could not analyze patients
who visited or who were hospitalized in other
medical facilities. Patients with severe asthma
were identified using outpatient claims. The
burden of hospitalization was analyzed using
inpatient claims, not linked with outpatient
claims. Thus, the burden of asthma-related
hospitalization was not categorized by the
severity of asthma.

Compliance with Ethics Guidelines

The study used anonymized data, therefore, no
patient consent was requested, as this is not
required for such studies in Japan. Ethical
approval was obtained from the Ethics Review
Committee at the Kitamachi Clinic (1-1-3

Kichijojikitamachi, Musashino City, Tokyo
180-0001).

Study Population

Eligible patients were C 15 years of age (defined
as adults according to a regulation in Japan) at
the time of their first claim with an asthma or
status asthmaticus diagnosis code (Interna-
tional Classification of Diseases, 10th Revision
(ICD-10) codes J45 and J46, respectively) during
the study period. Patients had to have contin-
uous enrollment in the MDV database
for C 1 year prior to the asthma index date and
within the study period and no evidence of any
other respiratory diagnosis or diagnosis of a
non-respiratory condition that may also have
required systemic corticosteroids (Table S1 in
the electronic supplementary material). A sum-
mary of all codes used to identify clinical con-
ditions, asthma medications, and medical
services from the claims data is provided in the
supplementary materials (Table S2).

The 1-year observation period, during which
all outcomes were assessed, began 1 year prior
to the asthma index date and finished before
the asthma index date.

Inpatient administrative claims data and
hospital discharge records were also used to
identify patients with asthma-related hospital-
izations, defined as inpatient hospital admis-
sions with a primary diagnosis of asthma/status
asthmaticus and with use of systemic (intra-
venous or oral) corticosteroids during the
observation period (hospitalization assessment
population). The asthma-related hospitalization
index date was defined as the start date of latest
asthma-related hospitalization for each patient
(the end of which must have been within the
study period). Although patients with asthma-
related hospitalizations based on inpatient
claims were analyzed as those with severe
asthma, outpatient visit data and hospitaliza-
tion data were not linked in the analysis. The
severity of asthma in each inpatient claim was
not assessed.
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Outcomes and Assessments

For all outcomes, patients were divided into
three age categories: 15–39, 40–64,
and C 65 years of age. The primary outcome
was the prevalence of severe asthma among the
outpatients based on outpatient visit data
(outpatient visit assessment population). For
this population, the index date was the date of
latest prescription of asthma medication within
the study period for each patient. Asthma
medication prescriptions recorded in the out-
patient administrative claims data were used to
identify patients with asthma (C 2 prescriptions
of ICS or ICS/long-acting beta-agonists [LABA]),
and among them, patients who had severe
asthma (defined as C 240-day prescription of
high-dose ICS and C 90-day prescription of C 1
additional controllers) within the 1-year obser-
vation period. In medical insurance claim data
in Japan, the regimen for ICS is not available,
but the number of products is available; the
number of prescriptions days of high-dose ICS
or ICS/LABA was calculated using the following
equation using a reference value specified in the
2017 Japanese Guideline for Adult Asthma [13].

Number of prescriptions days of high-dose
ICS or ICS/LABA = [number of prescribed prod-
ucts per year] 9 [dose (lg) of ICS per product]/
[reference value (lg) for high-dose ICS per day].

For this outcome, patients were further
divided into nine age categories: 15–19, 20–29,
30–39, 40–49, 50–59, 60–69, 70–79, 80–89,
and C 90 years of age. Secondary outcomes
analyzed included demographics, clinical fea-
tures, asthma-related HCRU, and asthma-asso-
ciated costs for Japanese patients with asthma.
In this study, asthma-related outpatient visits
(office hours), asthma pulmonary function
tests, and laboratory tests for the outpatient
visit assessment population; and asthma-related
hospitalization, pulmonary function tests, and
laboratory tests for the hospitalization assess-
ment population were recorded. Direct asthma-
related costs per patient included the costs of
management, medical procedures, and labora-
tory tests, and were stratified by the following
categories: scheduled and unscheduled outpa-
tient visits, medication, and hospitalization.
Direct costs were calculated based on medical

service fee points in claims (1 medical fee
point = 10 Japanese Yen [¥]); costs were not
adjusted for inflation. Among these secondary
outcomes, asthma-related HCRU and costs were
additionally assessed for patients 15–19, 20–29,
30–39, 40–49, 50–59, 60–69, 70–79, 80–89,
and C 90 years of age. Secondary outcomes
were assessed separately for the outpatient visit
assessment population and hospitalization
assessment population. If a patient had multiple
exacerbations requiring hospital admission, the
last hospitalization during the study period was
selected for analysis of HCRU and costs, pro-
vided the patient was discharged before the end
of the study period.

Statistical Analysis

For the prevalence of severe asthma, counts and
percentages were reported; 95% confidence
intervals (CIs) were estimated using the Wilson
score method. SAS Release 9.4 or later (SAS
Institute, Inc., Cary, NC, USA) was used in the
analyses.

RESULTS

Patient Population

Data for 243,447 patients with claims for outpa-
tient visits and 90,431 patients with claims for
inpatient hospital visits were collected. Among
those with outpatient visits, 35,742 were identi-
fied as having asthma, 4211 of whom met the
criteria for severe asthma (Fig. 1).

Among 90,431 patients with claims for
inpatient hospital visits, 4210 inpatients were
identified as the hospitalization assessment
population; 335 (8%) had more than one
asthma-related hospitalization (Fig. 1).

Prevalence of Severe Asthma

Overall, the prevalence of severe asthma among
patients with asthma was 11.8% (Table 1). The
proportion of patients with severe asthma was
higher in patients C 40 years of age than in
younger patients (Table 1). For example, the
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prevalence of severe asthma was 12.0–13.4%
across all 10-year subgroups from C 40 years of
age, compared with 6.6–8.8% among the 15–19,
20–29, and 30–39 years age groups (Table 1).
Among asthma patients aged 80 years or more,
more than 10% patients identified as having
severe asthma treated with high-dose ICS.

Patient Demographics, Clinical
Characteristics, Asthma-Related HCRU,
and Direct Costs (Outpatient Visit
Assessment Population)

The mean age of patients with severe asthma
was 60.1 years, and 61.3% were female
(Table 2). In the severe asthma population,

365-day continuous enrollment (observation period)
(n=104,495)

Outpatient visit (n=243,447)
Patients with at least one outpatient 

record during the study period 

Asthma (n=35,742)
Patients with ≥2 prescriptions of ICS or ICS/LABA 

during the observation period  

Severe asthma (n=4211)
(Outpatient visit assessment population)

Patients with ≥240-day prescription of high-dose
ICS and ≥190-day prescription of one or more 

controller medications during the observation period  

Entire observation period falling within the 
study period (n=88,025)

Hospital admission date on or after study start date
(n=89,301)

Hospitalization (n=90,431)
Patients with at least one inpatient

record during the study period

Asthma-related hospitalization (n=4210)
(Hospitalization assessment population)

Hospitalizations with a principal diagnosis of asthma 
or status asthmaticus within the start and end month

of the visit AND the use of systemic (IV or oral) 
corticosteroids on the admission date

Patients with
more than 1 

asthma-related 
hospitalization

(n=335)

Hospital discharge date on or before study end date
(n=88,365)

Patients with diagnosis code of asthma or status
asthmaticus in the study period

(n=583,224)

Patients who met inclusion criteria
(n=357,265)

Study population
(n=253,912)

Patients under 15 years at the first claim
with the diagnosis code of asthma or status 

asthmaticus in the study period
(n=255,959)

Excluded (n=103,353)
Respiratory diagnoses (n=88,977)
• Chronic obstructive pulmonary disease 
 (n=31,594)
• Emphysema (n=18,966)
• Chronic bronchitis (n=49,604)
• Cystic fibrosis (n=12)
• Malignant neoplasms of respiratory
 and intrathoracic organs (n=14,424)
• Bronchiectasis (n=6009)
• Active pulmonary tuberculosis (n=82)
Condition that may have systemic 
corticosteriods (n=25,027)
• Autoimmune diseases (n=14,717)
• Multiple sclerosis (n=263)
• Nephrotic syndrome (n=2950)
• Cancer-related pain (n=8354)

Fig. 1 Selection of Japanese patients with severe asthma
and asthma exacerbations requiring hospitalization. The
study period was 3 years, from 1 July 2014 to 30 June

2017. ICS inhaled corticosteroids, IV intravenous, LABA
long-acting beta-agonist, MDV Medical Data Vision, CI
confidence interval
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elderly patients (C 65 years of age) had more
than younger patients (15–39 and 40–64 years
of age), as indicated by the mean (standard
deviation) of Charlson comorbidity index (CCI)
score. Compared with these younger age
groups, a lower proportion of elderly patients
with severe asthma were prescribed ICS/LABA,
leukotriene receptor antagonists, short-acting
beta-agonists, or daily oral corticosteroids
(OCS); however, their cumulative dose of daily
OCS was higher (Table 2). Although fewer
elderly patients with severe asthma required

emergency room (ER) visits compared with
those of the two younger age groups, a higher
proportion of elderly patients required bio-
chemical, hematological, immunological, and
microbiological testing compared with younger
patients (Table 3). Conversely, the number of
pulmonary function tests appeared to decrease
with age; when assessing laboratory tests in
greater detail (by nine age categories), only
24.9% and 5.6% of patients who were 80–89
and C 90 years of age received a pulmonary
function test, compared with 33.8–48.8% in the

Table 2 Demographics and clinical characteristics of Japanese patients with severe asthma by age group (outpatient visit
assessment population)

Age (years)

Overall 15–39 40–64 ‡ 65

N 4211 536 1764 1911

Agea, years, mean (SD) 60.1 (16.9) 31.3 (6.3) 52.3 (7.2) 75.4 (6.9)

Female, n (%) 2583 (61.3) 344 (64.2) 1063 (60.3) 1176 (61.5)

CCI score, mean (SD) 2.0 (1.6) 1.3 (0.7) 1.7 (1.2) 2.5 (1.9)

Patients receiving asthma medication, n (%)

ICS/LABA 3971 (94.3) 521 (97.2) 1694 (96.0) 1756 (91.9)

LTRA 2537 (60.2) 348 (64.9) 1113 (63.1) 1076 (56.3)

SABA 1714 (40.7) 277 (51.7) 822 (46.6) 615 (32.2)

Theophylline 1381 (32.8) 153 (28.5) 596 (33.8) 632 (33.1)

ICS 481 (11.4) 56 (10.4) 173 (9.8) 252 (13.2)

LABA 429 (10.2) 46 (8.6) 162 (9.2) 221 (11.6)

LAMA 332 (7.9) 46 (8.6) 150 (8.5) 136 (7.1)

Anti-IgE monoclonal antibody 59 (1.4) 12 (2.2) 29 (1.6) 18 (0.9)

Anti-IL-5 monoclonal antibody 23 (0.5) 2 (0.4) 16 (0.9) 5 (0.3)

Using daily OCSb, n (%) 1310 (31.1) 183 (34.1) 612 (34.7) 515 (26.9)

Cumulative daily OCS dose, mean (SD) mg/year 650.8 (847.4) 468.0 (700.6) 664.7 (878.8) 695.6 (849.2)

CCI Charlson comorbidity index, ICS inhaled corticosteroids, Ig immunoglobulin, IL interleukin, LABA long-acting beta-
agonist, LAMA long-acting muscarinic receptor antagonist, LTRA leukotriene receptor antagonist, N/n number of patients,
OCS oral corticosteroids, SABA short-acting beta-agonist, SD standard deviation
a Age as of asthma index date
b Continuously prescribed a daily dose of C 5 mg prednisone equivalent. A persistent prescription was defined as con-
tinuous therapy renewed without a gap of more than 14 days. Unfilled prescriptions (‘pill in the pocket’) were excluded
from the analysis
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younger groups. Direct asthma-related total
outpatient costs (per patient), as well as

individual component costs, increased with the
increasing age groups (Fig. 2); medication costs

Table 3 Asthma-related HCRUa of Japanese patients with severe asthma by age group (outpatient visit assessment
population)

Age (years)

Overall 15–39 40–64 ‡ 65

N 4211 536 1764 1911

Scheduled outpatient visits

Mean (SD) number of visits 8.0 (4.4) 7.6 (3.5) 8.0 (4.3) 8.2 (4.6)

Asthma unscheduled outpatient visits (after-hours/late-night/holiday),

n (%)

Patients with C 1 visits, n (%) 258 (6.1) 52 (9.7) 117 (6.6) 89 (4.7)

Mean (SD) number of visits 0.1 (1.6) 0.2 (0.6) 0.2 (1.2) 0.1 (2.0)

Pulmonary functionb tests

Patients with C 1 tests, n (%) 1467

(34.8)

196

(36.6)

648

(36.7)

623 (32.6)

Mean (SD) number of tests 0.7 (1.3) 0.7 (1.4) 0.7 (1.2) 0.6 (1.3)

Biochemicalc tests

Patients with C 1 tests, n (%) 2580

(61.3)

246

(45.9)

915

(51.9)

1419

(74.3)

Mean (SD) number of tests 2.3 (3.1) 1.1 (2.0) 1.9 (2.9) 3.1 (3.3)

Hematologicalc tests

Patients with C 1 tests, n (%) 2589

(61.5)

256

(47.8)

933

(52.9)

1400

(73.3)

Mean (SD) number of tests 2.3 (3.0) 1.2 (2.1) 1.8 (2.8) 3.0 (3.2)

Immunologicalc tests

Patients with C 1 tests, n (%) 2229

(52.9)

265

(49.4)

854

(48.4)

1110

(58.1)

Mean (SD) number of tests 1.5 (2.3) 1.0 (1.6) 1.3 (2.2) 1.8 (2.5)

Microbiologicalc tests

Patients with C 1 tests, n (%) 524 (12.4) 58 (10.8) 181

(10.3)

285 (14.9)

Mean (SD) number of tests 0.2 (0.6) 0.1 (0.5) 0.1 (0.5) 0.2 (0.7)

FeNO fractional exhaled nitric oxide, HCRU healthcare resource utilization, N/n number of patients, SD standard deviation
a HCRU calculated over a 1-year observation period
b Included vital capacity, flow volume testing, functional residual capacity/FeNO, multi-frequency oscillation tests
c Captured by the codes of medical management fees
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were the primary driver. The total outpatient
costs associated with severe asthma were
¥319,436 for all patients, and ¥276,622,
¥307,197, and ¥342,742, respectively, for
patients who were 15–39, 40–64, and C 65 years
of age. Among those patients who were 80–89
and C 90 years of age, total outpatient costs
associated with severe asthma were ¥345,189
and ¥319,476, respectively.

Patient Demographics, Clinical
Characteristics, Asthma-Related HCRU,
and Direct Costs (Hospitalization
Assessment Population)

Overall, the mean age of hospitalization assess-
ment population was 57.2 years, and 66.1%
were female (Table 4). Elderly patients
(C 65 years) with asthma-related hospitaliza-
tions had significantly more comorbidities than
those who were 15–39 or 40–64 years of age, as
indicated by the CCI score (Table 4). Compared
with the other age groups analyzed, the pro-
portions of patients who received treatment
with antibiotics or OCS were highest among
hospitalized patients C 65 and 40–64 years of
age (Table 4). The duration of asthma-related
hospital stays numerically increased with age
(range 6.4–11.0 days), especially among the
80–89 and C 90 age groups with 12.2 days and
13.2 days, respectively. Twenty-seven patients
(0.6%) died during asthma-related hospitaliza-
tion. Among them, 11 patients were 80–89 years
of age, and 12 patients were C 90 years of age.
With regards to laboratory tests, only the pro-
portion of patients requiring microbiological
tests appeared to increase with age (Table 4).
Approximately one-third of patients C 40 years
of age used ambulance transportation compared
with just over one-fifth of those 15–39 years of
age. Utilization of home medical care before a
hospital admission was directly proportional to
age (range 0.8–5.8% of patients). This was also
the case for asthma-related hospitalization costs
(per patient), with non-medication costs con-
stituting the main component (Fig. 3); total
asthma-related hospitalization costs (per event)
were ¥274,583, 326,821 and ¥438,435,

respectively, for patients who were 15–39,
40–64, and C 65 years of age.

DISCUSSION

This study evaluated the prevalence of severe
asthma in Japanese patients over a broad age
range, using real-world data from a large cohort
included in a hospital-based database. Clinical
characteristics, asthma-related HCRU, and
direct costs were also assessed in patients with
severe asthma and in those with asthma who
experienced exacerbations requiring hospital-
ization. Among Japanese patients with asthma
receiving maintenance therapy, severe asthma
was more prevalent in those aged C 40 years
than in those aged 15–39 years; C 10% of
patients in each of the age groups C 40 years
had severe asthma. Elderly patients (C 65 years
of age) experienced the highest clinical burden
in terms of comorbidities, cumulative daily OCS
dose, home medical care before hospitalization,
and the duration of hospital stay. Interestingly,
most patients C 80 years of age had not under-
gone a pulmonary function test. Direct asthma-
related total outpatient and hospitalization
costs (per patient) increased with age; of note,
total hospitalization costs were highest for
patients C 80 years of age. This study provides
valuable information on the prevalence and
burden of severe asthma in Japanese patients
with asthma, with results suggesting that
asthma management for elderly patients
requires more consideration.

Recent studies have estimated the prevalence
of severe asthma ranging from 2.4–12.7% in
Japan; this variability may be explained by dif-
ferences in the sources of patient data and the
definitions of asthma used. One previous study
used data from medical records collected by all
types of facilities in a health insurance claims
database managed by the Japan Medical Data
Center (JMDC), which contained data from
insured employees of large corporations and
their family members [6]. The authors, using
almost the same definitions as for the present
study for asthma and severe asthma, deter-
mined that the prevalence of severe asthma was
2.4% among asthma patients. In that study,
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Table 4 Demographics, clinical characteristics, and HRUa of Japanese patients who experienced asthma exacerbations
requiring hospitalization by age group. (hospitalization assessment population)

Age (years)

Overall 15–39 40–64 ‡ 65

N 4210 997 1468 1745

Age at index date, years, mean (SD) 57.2 (21.3) 28.3 (7.5) 51.6 (7.2) 78.5 (7.8)

Female, n (%) 2784 (66.1) 565 (56.7) 902 (61.4) 1317 (75.5)

CCI score, mean (SD) 1.5 (0.9) 1.1 (0.4) 1.4 (0.7) 1.9 (1.0)

Duration of hospital stay, mean (SD) days 8.7 (5.9) 6.4 (3.8) 7.4 (4.5) 11.0 (7.0)

Death during hospitalization 27 (0.6) 0 (0.0) 2 (0.1) 25 (1.4)

Patients receiving treatment for exacerbation, n (%)

SABA (pMDI) 223 (5.3) 61 (6.1) 95 (6.5) 67 (3.8)

SABA (inhalant liquid) by nebulizer 3255 (77.3) 818 (82.0) 1144 (77.9) 1293 (74.1)

OCS 299 (7.1) 62 (6.2) 119 (8.1) 118 (6.8)

ICS 4125 (98.0) 978 (98.1) 1441 (98.2) 1706 (97.8)

Aminophylline (IV drip infusion) 1276 (30.3) 287 (28.8) 474 (32.3) 515 (29.5)

LAMA (inhalation) 80 (1.9) 13 (1.3) 37 (2.5) 30 (1.7)

0.1% adrenaline (SC injection) 241 (5.7) 65 (6.5) 106 (7.2) 70 (4.0)

Antibacterial agent 1601 (38.0) 377 (37.8) 500 (34.1) 724 (41.5)

Patients with C 1 tests, n (%)

Pulmonary functionb tests 674 (16.0) 167 (16.8) 271 (18.5) 236 (13.5)

Biologicalc tests 3358 (79.8) 794 (79.6) 1156 (78.7) 1408 (80.7)

Hematologicalc tests 3222 (76.5) 776 (77.8) 1125 (76.6) 1321 (75.7)

Immunologicalc tests 3224 (76.6) 760 (76.2) 1120 (76.3) 1344 (77.0)

Microbiologicalc tests 1140 (27.1) 219 (22.0) 379 (25.8) 542 (31.1)

Patients with additional requirements, n (%)

Unscheduled/emergency hospital admission 4150 (98.6) 984 (98.7) 1444 (98.4) 1722 (98.7)

Ambulance transportation 1327 (31.5) 228 (22.9) 494 (33.7) 605 (34.7)

Home medical care before hospital admission 124 (2.9) 8 (0.8) 15 (1.0) 101 (5.8)

CCI Charlson comorbidity index, ICS intravenous corticosteroids, IV intravenous, LAMA long-acting muscarinic receptor
antagonist, N/n number of patients, OCS oral corticosteroids, pMDI pressurized metered-dose inhaler, SABA short-acting
beta-agonist, SC subcutaneous, SD standard deviation
a HCRU calculated over the hospitalization period (pulmonary tests) or as of the hospital admission date (biochemical,
hematological, immunological, and microbiological tests)
b Included vital capacity, flow volume testing, functional residual capacity/FeNO, multi-frequency oscillation tests
c Captured by the codes of medical management fees
FeNO fractional exhaled nitric oxide, HCRU healthcare resource utilization, N/n number of patients, SD standard deviation
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most patients included were\ 65 years of age
based on the Japanese health insurance system,
and around 70% of patients with severe asthma
had regularly received treatment at outpatient
clinics. Meanwhile, the MDV database contains
only records from hospitals; therefore, the out-
patient visit assessment population of the pre-
sent study may have included more severe cases
than asthma patients in general and resulted in
higher prevalence of severe asthma than those
for the JMDC database study [6] across all
comparable age categories.

This study also assessed the burden of out-
patient visits for severe asthma. Compared with
younger patients, those aged C 65 years with
severe asthma had more concomitant diseases,
higher cumulative daily OCS doses, and gener-
ally required more frequent blood tests. Among
patients with asthma exacerbations requiring

hospitalization, those aged C 65 years required
more frequent home medical care before a
hospital admission and those aged C 40 years
required more frequent ambulance
transportation.

As would be expected, hospitalized patients
aged C 65 years had more comorbidities than
younger patients in this study. Inoue et al. have
reported that employed Japanese patients with
severe asthma experienced substantial clinical
and economic burden, tended to be older, and
had more comorbidities than those with non-
severe asthma [15]. Their data on the duration
of hospitalization and deaths during hospital-
ization have suggested that asthma-related
hospitalization is a significant burden to elderly
patients. These findings were supported by the
results obtained from our present study, which
was conducted in a population in which the

Fig. 3 Asthma-associated hospital costsa (per event) for asthma by age group (hospitalization assessment population). aCosts
incurred over the 1-year observation period

Fig. 2 Direct asthma-associated outpatient costsa (patients/year) for severe asthma by age group (outpatient visit assessment
population). aMean costs incurred over the 1-year observation period
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observation was less likely to be censored by
retirement or other factors. Our results further
suggest that the burden of severe asthma
increases with age.

We also found that for Japanese patients
with severe asthma, asthma-associated total
outpatient costs and hospitalization costs (per
patient) increased with age. The total outpatient
cost associated with severe asthma
(¥319,436/patient/year) was similar to that
previously reported by Nagasaki et al.
(¥357,958/patient/year) [14]. Since Nagasaki
et al. [14] estimated medical costs between 2013
and 2014 using claims data in Kyoto University
Hospital, the characteristics of the study popu-
lation might have been similar to those in our
study. However, another retrospective cohort
study conducted by Inoue et al. reported the
total outpatient cost (comprising ER visits,
outpatient visits, and prescriptions) of
¥141,515/patient/year between 2009 and 2015;
this discrepancy may be due to the study period.
This discrepancy is also attributable to different
databases used for the studies since Inoue et al.
conducted their study using the JMDC database
[15]. Therefore, caution should be observed in
interpreting the medical costs. It has also been
observed that for Japanese patients with severe
asthma, those individuals whose symptoms are
uncontrolled experience higher HCRU and
associated costs than those whose symptoms are
controlled [4]; therefore, it would be expected
that optimizing the control of severe asthma in
elderly patients would reduce asthma-associ-
ated HCRU and costs.

There are several limitations that should be
noted for our study. First, the MDV database
relies on administrative claims data and hospi-
tal discharge records for clinical details; there-
fore, data collection was subject to coding
limits. Data capture may also have been
incomplete owing to patients transfer between
hospitals. Also, owing to the study design,
patients who died were not included in our
analysis. Since the source population included
those treated in hospitals, not in outpatient
clinics, the obtained data are not generalizable
to the entire population of patients with severe
asthma.

Because we used the prescription-based
method for defining asthma severity, the severe
asthma population of our study may have
included some patients with moderate asthma
receiving high-dose ICS and additional con-
troller medications. Despite these limitations,
our study provides an important assessment of
the prevalence and burden of severe asthma in
elderly Japanese patients.

In conclusion, the results of our study reaf-
firmed that severe asthma is more common
among Japanese patients aged C 40 years than
those aged\ 40 years and demonstrated a par-
ticularly high prevalence of severe asthma
among patients aged 40 to C 90 years. More-
over, the study found that Japanese patients
aged C 65 years, compared with younger ones,
have greater clinical and economic burden due
to severe asthma. This finding highlights the
need for treatment options that help improve
asthma control in elderly patients with severe
asthma in Japan, which may ultimately lead to
reductions in asthma-associated HCRU and
costs in this patient population.
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