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Abstract

Background The 2014 European Respiratory Society/American Thoracic Society guidelines defined
severe asthma based on treatment intensity and estimated the proportion of severe asthma among all
asthma cases to be 5-10%. However, data supporting the estimate and comprehensive and sequential data
on asthma cases are scarce. We aimed to estimate the national prevalence and proportion of severe asthma
during the last decade.

Methods Using a Japanese national administrative database, which covers >99% of the population, we
evaluated the prevalence and proportion of severe asthma in 2013, 2015, 2017 and 2019. Additionally, we
elucidated the demographic characteristics, treatments and outcomes of patients with asthma.

Results The national prevalence of mild—moderate and severe asthma in 2019 was 800 and 36 per 100 000
persons, respectively. While the prevalence of mild-moderate asthma remained almost constant in the
study years, the prevalence of severe asthma decreased, resulting in a reduction in the proportion of severe
asthma from 5.6% to 4.3%. Although treatment modalities have evolved, such as the increased use of
combination inhalers and asthma biologics, approximately 15% of mild-moderate and 45% of severe
asthma cases were still considered “uncontrolled”. The number of deaths from asthma decreased in patients
with both mild—moderate and severe asthma.

Conclusions This study revealed that the prevalence of severe asthma in Japan decreased during the study
period and fell below 5% in the most recent data. Despite treatment evolution, a substantial proportion of
patients with both mild—moderate and severe asthma still have poor asthma control.

Introduction

The 2014 European Respiratory Society (ERS)/American Thoracic Society (ATS) guidelines defined severe
asthma as 1) asthma that requires treatment with high-dose inhaled corticosteroids (ICS) plus a second
controller and/or systemic corticosteroids to prevent it from becoming “uncontrolled”, or 2) asthma that
remains “uncontrolled” despite this therapy [1]. The guidelines estimated the proportion of severe asthma to
be 5-10% of all asthma cases. This high-burden condition is problematic on an individual level because
frequent exacerbations related to severe asthma can impair quality of life and systematic corticosteroids for
controlling it can cause additional complications [2-5]. This condition is also problematic on a societal level
because the economic burden is correlated with the severity of asthma [6-8].

The reported proportion of severe asthma among all patients with asthma varied widely in previous studies
(2.7-36.2%), depending on their criteria for defining severe asthma [9-13]. When the studies are limited to
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those that used the definition of severe asthma from the ERS/ATS guidelines, the estimates were 4.5-7.8%
[9, 11]. Although these estimates have provided substantial insight, they are potentially biased because of
the limited study populations.

We aimed to clarify the prevalence and proportion of severe asthma based on the definition from the
ERS/ATS guidelines using a national administrative claims database that covers 99% of the hospitals in
Japan [14]. We also aimed to explore the demographic characteristics, treatments and outcomes stratified
by asthma severity. We present the data in a manner consistent with our previous project on severe
childhood asthma [15].

Methods

Data source

We used data from the National Database of Health Insurance Claims and Specific Health Checkups
(NDB). The NDB was developed by the Ministry of Health, Labour and Welfare in Japan and covers more
than 126 million people and 1.9 billion electronic claims annually, with data from 99% of the hospitals in
Japan [16]. The information included in the NDB was: unique identifiers and demographic characteristics
for each patient; diagnoses based on diagnostic codes [17]; and data on examinations, treatments and
hospitalisations. The details of the database are described elsewhere [14, 16].

The study was approved by the Institutional Review Board of the University of Tokyo (approval number
11187-(8); approval date: 22 February 2023) and was performed in accordance with the tenets of the
Declaration of Helsinki. The requirement for written informed consent was waived because of the
anonymous nature of the data.

Study population

Figure 1 shows the step-by-step process used to identify the study population. In the NDB from January
2013 through December 2020, we identified all patients with prescriptions for asthma-related medications
for at least 2 months, combined with the diagnostic code for asthma in 2013, 2015, 2017 and 2019 [18].
Asthma-related medications included ICS, a combination of ICS and long-acting (B,-agonist (LABA), a
combination of ICS, LABA and long-acting muscarinic antagonist (LAMA), leukotriene receptor
antagonist (LTRA), and xanthine and asthma biologics (omalizumab, mepolizumab, benralizumab and
dupilumab). The index date was defined as the date of the first prescription for either ICS, ICS-LABA or
ICS-LABA-LAMA in the year. If these medications were not prescribed, we set the date of the first
prescription for the other asthma-related medications (LTRA, xanthine and asthma biologics) in the year.

Patients with =1 prescription records of asthma-related medication,
combined with the diagnosis code for asthma in 2019
(n=2589929)

A

Patients with =2 prescription records of asthma-related medication,
combined with the diagnosis code for asthmain 2019
(n=1369442)

Excluded:
»  Age<l2years at the index
date (n=414641)

A
Study population

(n=954801)
A 4
Mild-moderate asthma Severe asthma
(n=913532) (n=41269)

FIGURE 1 Flow diagram of patient recruitment.
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The analysis was limited to patients aged >12 years at the index date because asthma guidelines have
different treatment recommendations for patients aged >12 and <12 years [1].

Study design

This was a cross-sectional study. We gathered patient data from either the index date to 365 days after the
index date or until the date of death (the observational period), whichever came first (supplementary
figure S1). To exclude any seasonal change in asthma symptoms and medication prescriptions, a
data-gathering period of 365 days was chosen.

Definition of the severity of asthma

Based on the definition from the ERS/ATS guidelines [1], patients with severe asthma were defined as
patients who had a prescription for a high-dose ICS (1000 pg-day™" fluticasone equivalent) plus at least
one other controller (LABA, LAMA, LTRA, xanthine and asthma biologics), or patients who had a
prescription for systemic corticosteroids >183 days or over half of the observational period in cases where the
patient was deceased before 365 days. To calculate the average daily dose of ICS equivalent to fluticasone,
we adopted an algorithm developed elsewhere (supplementary table S1) [13, 19]. In this study, patients with
asthma who did not meet the definition of severe asthma were classified as having mild—moderate asthma.

Definition of controlled asthma

Based on the definition of controlled asthma in the ERS/ATS guidelines [1], we defined uncontrolled
asthma as any of the following three criteria: 1) high short-acting B,-agonist (SABA) use (a prescription of
>600 doses of SABA) [13, 20]; 2) at least two prescriptions for >3 days use of oral corticosteroids (OCS)
(>15 mg-day~" prednisolone equivalent) or injectable corticosteroids [9]; or 3) hospitalisation for asthma.
As for 2), prescriptions for OCS or injectable corticosteroids within 14 days were treated as one. Regarding
3), we defined hospitalisation for asthma as cases where the primary diagnostic code for hospitalisation
was asthma, or when it could not be identified, if systemic corticosteroids were used within 2 days of
hospitalisation. Further details are provided in the supplementary material.

Demographic characteristics, treatments and outcomes

We evaluated demographic characteristics, treatments and outcomes, stratified by the severity of asthma
(severe or mild—moderate). Demographic characteristics were analysed in terms of age, sex and
comorbidities. Treatments included medications, procedures, hospitalisations and outpatient clinic visits.
Outcomes included controlled status of asthma, exposure to corticosteroids, total healthcare costs and
deaths. Age was calculated based on the index date. Comorbidities, medications, procedures, hospitalisations,
outpatient clinic visits, controlled asthma, total healthcare costs and deaths were evaluated based on the
data in the observational period. Comorbidities were identified by the presence of corresponding diagnostic
codes for each comorbidity (supplementary table S2) at least twice within the observational period.
Medications were identified by the presence of at least one claim for each medication. Procedures were
identified by the presence of at least one claim for home oxygen therapy or bronchial thermoplasty.
Because information regarding the specific cause of death is not included in the NDB, deaths were
from all causes. However, we defined deaths from asthma as those that occurred during hospitalisation
for asthma.

Data analysis

The prevalence of severe or mild—moderate asthma in each year was calculated as the total number of
patients with severe or mild—moderate asthma in the year divided by the total number of the estimated
population in Japan in that year [21]. The prevalence in each year was calculated. The prevalence of all
asthma cases and the proportion of severe asthma among all asthma cases in 2019 were visualised by
choropleth mapping for nine geographical regions. Additionally, the proportion of severe asthma was
calculated as the total number of severe asthma cases divided by all asthma cases. Demographic
characteristics, treatments and outcomes were also provided for each year. We present continuous variables
(parametric) as mean and standard deviation, continuous variables (nonparametric) as median and
interquartile range (IQR), and categorical variables as number and percentage.

The data were analysed using PostgreSQL version 15 (www.postgresql.org) and Python version 3.7 (www.
python.org). The choropleth mapping was created by QGIS (www.qgis.org).

Exploratory analysis

We performed some exploratory analyses. First, we determined patient characteristics classified by their
asthma control status. Second, we calculated the proportion of patients treated with asthma biologics among
regular OCS users. Third, we identified the characteristics of deceased patients stratified by asthma severity.

https://doi.org/10.1183/23120541.00122-2024 3


http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00122-2024.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00122-2024.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00122-2024.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00122-2024.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00122-2024.figures-only#fig-data-supplementary-materials
http://www.postgresql.org
http://www.python.org
http://www.python.org
https://www.qgis.org

ERJ OPEN RESEARCH

ORIGINAL RESEARCH ARTICLE | Y. KIMURA ET AL.

Results

Prevalence of mild-moderate or severe asthma and demographic characteristics

Table 1 shows the prevalence of mild—moderate and severe asthma. The prevalence of mild—moderate
asthma remained consistent from 2013 to 2019, with values of 802, 809, 776 and 800 per 100 000 persons
for each respective year. The prevalence of severe asthma decreased during the same period, with values of
48, 42, 37 and 36, respectively. Consequently, the proportion of severe asthma among all asthma cases
decreased, with values of 5.6%, 4.9%, 4.6% and 4.3%, respectively. The decreasing trend in the
prevalence of severe asthma was observed in all sex and age categories. Females accounted for
approximately 60% of both mild—moderate and severe asthma patients (table 2). In mild—moderate asthma,
the median (IQR) age was 58 (41-74) years, with approximately 15% each in the 40-49, 50-59, 60-69,
70-79 and >80 years age groups. For severe asthma, the median (IQR) age was 71 (57-81) years, and the
proportion increased in the older age categories, with the highest proportion observed in the >80 years age
group (28%). In mild—moderate asthma, females were predominant in all age groups except the 12-19 and
>80 years age groups (figure 2). Similarly, in severe asthma, females were predominant in all age groups
except for the group aged >80 years.

The proportion of severe asthma among all asthma cases ranged between 3.8% and 5.3% in the nine
geographical regions (supplementary figure S2). The proportions were higher in the northern (Hokkaido
and Tohoku) and southern (Chugoku, Kyusyu, and Okinawa) regions.

Supplementary table S3 shows the patients’ comorbidities, which were classified into six categories (type 2
inflammation-related diseases, lifestyle diseases, diseases that can cause chronic cough, chronic infectious
diseases, steroid-related diseases and others). Patients with severe asthma exhibited a higher prevalence of
comorbidities of any category compared to those with mild-moderate asthma.

Treatments
Supplementary table S4 shows treatments regarding medications and procedures. The most commonly
prescribed controller medications (prescribed in >10% of patients) in mild-moderate asthma were ICS

TABLE 1 Sex and age distribution of the prevalence of mild-moderate and severe asthma per year

Prevalence of mild-moderate asthma Prevalence of severe asthma

2013 2015 2017 2019 2013 2015 2017 2019

Total 801.6 809.1 775.9 800.2 47.8 41.5 37.3 36.1
(799.9-803.2) (807.5-810.8) (774.3-777.5) (798.6-801.8) (47.4-48.2) (41.141.9) (36.9-37.6) (35.8-36.5)

Sex

Male 701.5 694.0 657.2 666.9 43.5 36.8 32.3 30.8
(699.3-703.7) (691.9-696.2) (655.1-659.3) (664.8-669.1) (43.0-44.1) (36.3-37.3) (31.8-32.8) (30.4-31.3)

Female 895.2 917.0 887.3 925.2 51.9 45.9 41.9 41.1

Age group (years)
12-19

20-29
30-39
40-49
50-59
60-69
70-79

>80

(892.8-897.6)

655.7
(650.6-660.9)
436.3
(432.7-439.9)
639.3
(635.4-643.1)
660.8
(657.1-664.5)
688.6
(684.5-692.7)
818.0
(813.9-822.1)
1224.7

(914.6-919.4) (884.9-889.7) (922.7-927.6) (51.3-52.5) (45.4-46.4) (41.4-42.4)  (40.6-41.7)

686.7 631.0 667.5 10.6 8.8 6.4 5.8
(681.5-692.0)  (625.9-636.1)  (662.2-672.9)  (10.0-11.3) (8.2-9.4) (5.9-6.9) (5.3-6.3)
4442 408.3 4222 9.6 8.1 6.3 5.8
(440.5-447.9)  (404.8-411.8)  (418.6-425.8)  (9.1-10.1) (7.6-8.6) (5.9-6.7) (5.4-6.2)
665.1 624.2 680.5 18.1 14.9 124 12.0
(661.1-669.2)  (620.3-628.2)  (676.2-684.8)  (17.5-18.8)  (143-15.5)  (11.9-13.0) (11.4-12.5)
697.0 672.9 727.2 26.1 21.9 19.1 19.6
(693.3-700.8)  (669.2-676.6)  (723.4-731.1)  (25.3-26.8)  (21.2-22.5)  (18.4-19.7)  (19.0-20.3)
721.2 724.9 7743 36.9 326 29.9 29.8
(717.1-725.5)  (720.7-729.1)  (770.0-778.6)  (36.0-37.9)  (31.7-335)  (29.1-30.8)  (29.0-30.6)
818.5 822.5 865.8 54.7 46.6 438 44.0
(814.4-822.6)  (818.3-826.7)  (861.3-870.3)  (53.6-55.8)  (45.6-47.6)  (42.8-44.8)  (43.0-45.0)
1167.4 1065.3 1011.4 109.0 90.4 77.6 70.5

(1219.0-1230.5) (1161.8-1173.0) (1060.0-1070.6) (1006.5-1016.3) (107.3-110.7) (88.9-92.0) (76.1-79.0)  (69.2-71.8)

1552.8

1438.4 1330.5 1247.3 148.9 129.0 112.4 101.8

(1544.9-1560.8) (1431.1-1445.8) (1323.7-1337.4) (1240.8-1253.8) (146.5-151.4) (126.8-131.3) (110.4-114.4) (99.9-103.6)

Data are presented as prevalence (95% Cl) per 100 000 persons. 95% confidence intervals were calculated by the Wilson confidence interval for the
binomial distribution.
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TABLE 2 Sex and age distribution of the prevalence of mild-moderate and severe asthma patients in 2019

Mild-moderate Severe asthma  Prevalence of mild-moderate Prevalence of severe Estimated population
asthma cases cases asthma (95% C1)* asthma (95% C1)* in 2019
Total 913 532 (100.0) 41269 (100.0) 800.2 (798.6-801.8) 36.1 (35.8-36.5) 114 165 000
Sex
Male 368 589 (40.3) 17042 (41.3) 666.9 (664.8-669.1) 30.8 (30.4-31.3) 55265000
Female 544 943 (59.7) 24227 (58.7) 925.2 (922.7-927.6) 41.1 (40.6-41.7) 58901 000
Age group (years)
12-19 60 264 (6.6) 523 (1.3) 667.5 (662.2-672.9) 5.8 (5.3-6.3) 9028.000
20-29 53310 (5.8) 734 (1.8) 422.2 (418.6-425.8) 5.8 (5.4-6.2) 12 627000
30-39 97 323 (10.7) 1710 (4.1) 680.5 (676.2-684.8) 12.0 (11.4-12.5) 14302 000
40-49 134672 (14.7) 3635 (8.8) 727.2 (723.4-731.1) 19.6 (19.0-20.3) 18 519000
50-59 126 039 (13.8) 4848 (11.7) 774.3 (770.0-778.6) 29.8 (29.0-30.6) 16 278 000
60-69 140530 (15.4) 7143 (17.3) 865.8 (861.3-870.3) 44,0 (43.0-45.0) 16 232 000
70-79 161098 (17.6) 11230 (27.2) 1011.4 (1006.5-1016.3) 70.5 (69.2-71.8) 15928 000
>80 140296 (15.4) 11446 (27.7) 1247.3 (1240.8-1253.8) 101.8 (99.9-103.6) 11248000

Data are presented as n (%) or n, unless otherwise stated. *: data are presented as prevalence (95% Cl) per 100000 persons. 95% confidence
intervals were calculated by the Wilson confidence interval for the binomial distribution.

(15-21%), ICS-LABA (48-59%), LTRA (58-65%) and xanthine (28-43%). In severe asthma, the most
commonly prescribed controller medications were ICS (29-46%), ICS-LABA (49-62%), LAMA
(13-16%), LTRA (52-59%), xanthine (35-49%), asthma biologics (2-12%) and regular OCS (59-76%).
Regarding controller inhaler medications, there was a decreasing trend in monotherapy (ICS, LABA and
LAMA) and an increasing trend in combination therapy (ICS-LABA and LABA-LAMA). While xanthine
decreased, LTRA increased. Asthma biologics increased in both mild—moderate and severe asthma, and in
2019, the value in severe asthma reached 12%. Notably, regular OCS in patients with severe asthma
increased from 59% to 76%.

a) Mild-moderate asthma b) Severe asthma

1400+ [ Total 140+

I Male
[1Female

1200 120+
2 2
S 1000 S 100+
) 9]
o o
8 8
S 800+ S 80
o o
o o
— —
g g
S 6004 = 60
o o
c c
K] K
o© ©
> >
L 4004 jd 40+
[a [a

- i m m H

12-19 20-29 30-39 40-49 50-59 60-69 70-79 =80 12-19 20-29 30-39 40-49 50-59 60-69 70-79 =80
Age group (years) Age group (years)

FIGURE 2 Prevalence rate of a) mild-moderate and b) severe asthma in 2019, by sex and age group. The prevalence (95% Cl) per 100 000 persons
is presented. 95% confidence intervals were calculated by the Wilson confidence interval for the binomial distribution.
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TABLE 3 Controlled status of asthma in mild-moderate and severe asthma patients

Mild-moderate asthma Severe asthma

2013 2015 2017 2019 2013 2015 2017 2019

Total 917238 927280 887733 913532 54737 47 557 42 632 41269

(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)

Uncontrolled status of 169 405 163272 151021 144122 25137 21414 19615 18272

asthma (18.5) (17.6) (17.0) (15.8) (45.9) (45.0) (46.0) (44.3)
SABA >600 doses 44640 (4.9) 37709 (4.1) 32087 (3.6) 28562 (3.1) 6960 (12.7) 5197 (10.9) 4302 (10.1) 3888 (9.4)

OCS/IVS >2 times 128 845 127979 120625 116 693 20155 17 405 16 090 15013

(14.0) (13.8) (13.6) (12.8) (36.8) (36.6) (37.7) (36.4)

Hospitalisation for asthma 16224 (1.8) 15087 (1.6) 13136 (1.5) 11664 (1.3) 5842 (10.7) 5006 (10.5) 4495 (10.5) 3999 (9.7)

Data are presented as n (%). SABA: short-acting B,-agonist; OCS: oral corticosteroids; IVS: injectable (intravenous) corticosteroids.

Supplementary table S5 shows hospitalisations and outpatient clinic visits. The proportion of patients
hospitalised for asthma showed a decreasing trend during the study period in both mild-moderate (1.8% to
1.3%) and severe (10.7% to 9.7%) asthma cases. The number of outpatient clinic visits remained stable in
both groups.

Outcomes

Table 3 shows the trends for controlled status of asthma. The proportion of patients with uncontrolled
asthma was approximately 15% and 45% in the mild—-moderate and severe asthma groups, respectively.
Both mild-moderate and severe asthma showed higher proportions of uncontrolled status among older age
groups (figure 3). The proportions of severe asthma in younger age groups were as high as 30-40%.

Table 4 shows exposure to corticosteroids. Regarding ICS amounts, the value remained stable in mild—
moderate asthma, but in severe asthma, it decreased. As for systemic corticosteroid amounts, the value showed
a slight decreasing trend, but in severe asthma, it remained stable. The median amount of systemic
corticosteroids in mild-moderate asthma was zero, except in the group aged 12—19 years. The median amount
of systemic corticosteroids in severe asthma varied depending on the age group (supplementary figure S3).

a) Mild-moderate asthma b) Severe asthma

100+ [ Total 100+

I Male
[ JFemale
= 801 = 801
X X
e >
> >
© ©
k7 k7
o o
2 60 = 60
[ [
= =
o o
o o
c c
] >
ks 40+ ks 40
(V] (V]
(1) (1)
© ©
k= =
8 8
9] 9]
o 20 o 201
0-m m m I I I m m 0- L
12-19 20-29 30-39 40-49 50-59 60-69 70-79 =80 12-19 20-29 30-39 40-49 50-59 60-69 70-79 =80
Age group (years) Age group (years)

FIGURE 3 Control status in patients with a) mild-moderate and b) severe asthma in 2019, by sex and age group. The percentages (95% Cl) of
uncodntrolled asthma status are presented. 95% confidence intervals were calculated by the Wilson confidence interval for the binomial distribution.
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TABLE 4 Exposure to corticosteroids in mild-moderate and severe asthma patients

Mild-moderate asthma

Severe asthma

2013

2015

2017

2019

2013

2015

2017

2019

Total

Users of ICS-containing
medications”

Users of OCs*

Users of IVS*

Users of systemic
corticosteroids (OCS/IVS)

Total amount of ICS” (ng)

Total amount of OCS™ (mg)
Total amount of IVS™ (mg)

Total amount of systemic
corticosteroids® (mg)

917238 (100.0)
573639 (62.5)

130435 (14.2)
239475 (26.1)
301483 (32.9)

48000
(17 500-107 266)
120
(60-280)
50
(21-200)
9
(25-295)

927280 (100.0)
605 030 (65.2)

134495 (14.5)
235234 (25.4)
301512 (32.5)

45000
(15 000-100 437)
120
(60—280)
50
(20-177)
88
(25-276)

887733 (100.0)
589 594 (66.4)

130222 (14.7)
219025 (24.7)
285285 (32.1)

45000

(15 000-97 596)

120
(60-280)
50
(20-165)
83
(25-266)

913 532 (100.0)
621439 (68.0)

136 943 (15.0)
212097 (23.2)
286252 (31.3)

44 636

(15 000-96 000)

120
(60-275)
49
(17-156)
80
(25-250)

54737 (100.0)
45 288 (82.7)

37520 (68.5)
24 424 (44.6)
41721 (76.2)

380 164

(135000782 143)

1790
(950-2904)
248
(50-1115)
1826
(890-3443)

47 557 (100.0)
39413 (82.9)

34014 (71.5)
20796 (43.7)
37070 (77.9)

309412

(111 087-644 739)

1805
(997-2955)
248
(50-1147)
1844
(940-3483)

42632 (100.0)
35155 (82.5)

32938 (77.3)
18904 (44.3)
35215 (82.6)

201429

(91 269-480 000)

1797
(1005-2910)
225
(50-1063)
1844
(984-3400)

41269 (100.0)
34055 (82.5)

33494 (81.2)
17503 (42.4)
35146 (85.2)

180000

(84 850405 989)

1790
(1015-2874)
201
(50-938)
1830
(1016-3315)

Data are presented as n (%) or median (interquartile range). Values are per patient year and are limited to those patients using the corresponding medication. ICS: inhaled corticosteroids; OCS:
oral corticosteroids; IVS: injectable (intravenous) corticosteroids. *: users of ICS-containing medications, OCS or IVS were defined as those who used these medications at least once during the

observational period; *: the amount of ICS equivalent to fluticasone; *: the amount of OCS/IVS equivalent to prednisolone; *: systemic corticosteroids included OCS and IVS.
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Table 5 shows the outcomes. While the median yearly costs decreased from USD 2735 to USD 2392 in
mild-moderate asthma, they increased from USD 9543 to USD 13284 in severe asthma. The trend of
higher total healthcare costs with increased age was common in both asthma groups, but it was more
pronounced in the severe asthma group (supplementary figure S4). In mild—moderate asthma, the
proportion of all-cause deaths decreased from 2.56% to 2.01%, and there was also a decrease in
asthma-related deaths from 0.16% to 0.10%. In severe asthma, although the proportion of all-cause deaths
was stable between 10.29% and 11.20%, there was a decrease in asthma-related deaths from 1.94% to
1.46%. The number of patients who died from asthma in 2013, 2015, 2017 and 2019 was 2557, 2163,
1804 and 1477, respectively. Among these deceased patients, the proportion of severe asthma cases was
stable at around 40%.

Exploratory analyses

Supplementary table S6 presents patient characteristics classified by their asthma control status. The
patients with uncontrolled asthma were older, had a higher prevalence of severe asthma, and used a greater
proportion of medications and procedures across all categories compared with those with controlled asthma.

The proportion of those treated with asthma biologics among regular OCS users in 2013, 2015, 2017 and 2019
was 2.8% (902/33 372), 3.3% (1005/30 430), 6.3% (1885/30 125) and 13.5% (4211/31 145), respectively.

The deceased patients were older (median (IQR) age in the deceased versus all patients with mild—
moderate asthma: 84 (77-90) versus 58 (41-74) years; in those with severe asthma: 81 (74-87) versus 71
(57-81) years), more likely to be male patients and less frequently used ICS-containing controller inhalers.
However, they more often used LABA- or LAMA-containing controller inhalers (table 2, and
supplementary tables S4 and S7).

Discussion

Using the national administrative claims database (NDB), which covers 99% of the hospitals in Japan, we
reported on the national prevalence of severe asthma. Over the past decade, severe asthma prevalence
decreased from 48 to 36 per 100 000 persons, while mild—moderate asthma prevalence remained stable at
around 800 per 100 000 persons. As a result of these trends, the proportion of patients with severe asthma
decreased from 5.6% to 4.3%. These values were within the range of the predicted values (5-10%)
according to the ERS/ATS guidelines [1]. While a clear reason regarding the decreasing trend in the
prevalence of severe asthma cannot be obtained from this study, the widespread use of advanced asthma
treatments (such as combination controller inhalers, asthma biologics, thermoplasty, etc.), as confirmed in
this study, offers a plausible explanation. As advancements in asthma treatments continue and our
understanding of personalised medicine based on phenotypes/endotypes improves [22], the prevalence of
severe asthma may further decrease if these advancements are effectively implemented in the real world.

On the other hand, there are several issues identified in this study. First, asthma patients in Japan were
older than those from other countries [11, 12, 23]. Because elderly asthma patients have an increased
number of comorbidities and lower treatment responsiveness compared to younger asthma patients
[24, 25], management of asthma in Japan, the country with the highest aged population, may be more
challenging than in other countries. Physicians in Japan, as well as those in other countries that will
experience the ageing of asthma patients, need to pay careful attention to the comorbidities (particularly
COPD) and treatment responsiveness of older patients to deliver better outcomes. Second, the proportion

TABLE 5 Outcomes in mild-moderate and severe asthma patients

Mild-moderate asthma Severe asthma
2015 2017 2019 2013 2015 2017 2019
Total 927280 887733 913532 54737 (100.0) 47557 (100.0) 42632 (100.0) 41269 (100.0)
(100.0) (100.0) (100.0)
Total healthcare 2265 2439 2392 9543 8642 10684 13284

costs (USD)
All-cause deaths
Deaths from

asthma

(1041-5153)  (1155-5560)  (1146-5443) (3528-27387) (3166-23770) (3830-28077) (4338-32778)
21470 (2.32) 19899 (2.24) 18329 (2.01) 5999 (10.96) 5324 (11.20) 4727 (11.09) 4247 (10.29)
1267 (0.14) 1079 (0.12) 873 (0.10) 1064 (1.94) 896 (1.88) 725 (1.70) 604 (1.46)

Data are presented as n (%) or median (interquartile range).
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of patients with uncontrolled asthma was high in both mild-moderate and severe asthma, with values of
15% and 45%, respectively. Uncontrolled asthma is problematic because it impairs health-related quality of
life and leads to increased healthcare resource utilisation and lung function decline [26-29]. The high
prevalence of uncontrolled asthma in the real world, despite advancements in treatments, indicates that
serious unmet needs exist for patients with uncontrolled asthma. To meet these needs, increasing both
patients’ awareness (including adherence [30]) and physicians’ knowledge (including treatment options) is
crucial. Third, the number of systemic corticosteroid users remained stable despite the great advancements
in asthma control medications. In particular, the number of regular OCS users with severe asthma was
consistent at around 30 000, even though the number of patients with severe asthma decreased. It has been
established that the frequency and amount of exposure to systemic corticosteroids increase the risk of
complications such as osteoporosis, glucose metabolism changes and susceptibility to infections [4, 5, 31].
Reducing the number of regular OCS users with severe asthma and minimising their exposure to systemic
corticosteroids is an essential issue that needs to be addressed. While asthma biologics have shown
promise in reducing the frequency and amount of systemic corticosteroids in some randomised controlled
trials [32—-35], their prescriptions were as low as 14%, even in 2019. Therefore, there is room to consider
prescribing asthma biologics for regular OCS users. However, as severe asthma patients often have other
comorbid diseases that affect asthma symptoms, and as asthma biologics are expensive medications, they
should only be considered for prescription after thoroughly managing other comorbidities that may worsen
respiratory symptoms and confirming good adherence to asthma medications. In addition, since these
biologics are expensive medications, their costs may be a barrier to treatment with them, as suggested by
their low usage rates even among regular OCS users. The barrier to treatments that would reduce regular
OCS use should be explored in future research. Fourth, about 60% of patients who died from asthma were
classified as having mild-moderate asthma. This highlights the potential for further reducing
asthma-related deaths through a re-evaluation of asthma management practices (e.g. appropriate use of
ICS-containing controller inhalers) [36], although the effect on survival might have been minimal due to
the advanced age of the deceased patients with mild-moderate asthma. However, it is also important to
note that the proportion of deaths from asthma among all deaths was small for both mild-moderate and
severe asthma. This and the high prevalence of comorbidities such as lifestyle diseases in both groups
suggest the need for comprehensive management that addresses both asthma and other comorbidities
affecting the entire body. Fifth, although the ICS amounts showed a decreasing trend, the amounts of
systemic corticosteroid remained stable. The specific reasons behind the decrease in the ICS amounts were
not identifiable through the NDB, as it lacks information on this aspect. Nonetheless, it is crucial for
physicians to closely monitor asthma control status in their patients during attempts to decrease ICS
amounts. Furthermore, rather than decreasing the ICS amounts, efforts should be made to reduce OCS
amounts among regular OCS users, where feasible.

This study has several limitations. First, the diagnostic code for asthma has not been validated due to
restrictions on linking the NDB with other databases, preventing a validation study of the diagnostic
codes [37]. Therefore, we adopted the definition of asthma patients based on previous research that
identified asthma patients more reliably by combining asthma medication with the diagnostic code for
asthma rather than relying solely on the diagnostic code for asthma [18]. The Ministry of Health, Labour
and Welfare reports the number of asthma deaths based on death certificates every year using codes from
the “International Statistical Classification of Diseases, Injuries, and Causes of Death”, and in 2017, the
codes used by the Ministry were updated to the latest edition. The reported numbers after the update were
1794 deaths in 2017 and 1481 deaths in 2019 [21], which were very close to the asthma death counts of
1804 in 2017 and 1477 in 2019 from our study data. The close similarity of these values suggests that the
combination of diagnostic code and medication to define asthmatic patients, along with our definitions of
asthma-related hospitalisation and death from asthma, may be valid. Second, the NDB does not include
data on pulmonary function tests, which is one of the criteria for uncontrolled asthma as defined by the
ERS/ATS guidelines [1]. Accordingly, we were unable to consider the pulmonary function test criterion,
and there is a possibility that the proportion of uncontrolled asthma we presented might be underestimated.
However, our definition was similar to the definitions used in previous studies [9, 13]. Third, almost all
patients in this study were of Japanese ethnicity. Further research is needed to generalise the results to
other ethnicities. Fourth, our data were restricted to the period up to 2019, prior to the coronavirus disease
2019 (COVID-19) era. Therefore, the trends identified in this study (e.g. the decreasing trend of the
prevalence of severe asthma) might have changed during the COVID-19 era. Further research is required to
verify these changes.

Conclusions
Over the past decade, the national prevalence and proportion of severe asthma decreased, while that of
mild-moderate asthma remained stable. Approximately 15% of patients with mild—moderate asthma and
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45% of patients with severe asthma still have uncontrolled asthma. In severe asthma, the number of regular
OCS users and the exposure amounts to systemic corticosteroids were stable, which must be addressed to
minimise side-effects. Although the number of deaths from asthma decreased, over half of patients who
died from asthma were in the mild—moderate asthma group, suggesting that a re-evaluation of asthma
management practices and an appropriate distribution of newly developed asthma treatment are necessary
to improve mortality from asthma.
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