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Background: Asthma is a public health problem worldwide. However, only a few studies have reported the
epidemiology of asthma in various age groups in East Asia. The present study aimed to analyze and predict
trends in the incidence of asthma in East Asia through the Global Burden of Disease 2019 (GBD 2019) study
and provide information for prevention and control strategies.

Methods: The estimates of incidence, deaths, disability-adjusted life years (DALYs), and risk factors of
asthma in China, South Korea, Japan, and the world from 1990-2019 were retrieved from the GBD 2019
study. The age-standardized rates (ASRs) and the average annual percentage changes (AAPCs) assessed the
incidence, deaths, and DALYs of asthma, and the projection was assessed by applying the age-period-cohort
model.

Results: The burden of asthma in South Korea and Japan was slightly higher than in China and slightly
lower than that worldwide. The age-standardized incidence rate (ASIR) of asthma in China decreased slightly
from 394.58/100,000 in 1990 to 355.33/100,000 in 2019 (with an AAPC of -0.59), while the age-standardized
death rate (ASDR) and the age-standardized DALY rate (ASDALR) decreased significantly (with a AAPCs of
-5.22 and -2.89, respectively), which were lower than those in South Korea and Japan. Moreover, males in
China, South Korea, and Japan were significantly more affected by tobacco and environmental/occupational
factors than females, while the proportion of metabolic factors in females was higher than that in males. The
prediction for the burden of asthma in the three East Asian countries continued to decline or stabilize until

2030, especially in China and Japan.
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Conclusions: Although the overall asthma burden has a downward trend according to GBD 2019, it is still

heavy in East Asia, especially South Korea. In addition, increased concern and control measures are needed

for the disease burden in elderly patients.
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Introduction

Asthma is one of the most common chronic diseases in
children and adults and the fastest-growing respiratory
disease (1). According to the Global Burden of Disease
study, the global prevalence of asthma was 262.4 million in
2019 (2). Since 2006, the Global Initiative for Asthma (GINA)
began to emphasize the concept of “asthma control” (3),
which reflected the change in asthma management from
reducing the acute exacerbation to achieving asthma
control. Presently, asthma remains a global public health
concern, which imposes a large economic burden on society.

A recent study showed that the prevalence of asthma in
individuals >20 years old was 4.2%, and the total number
of patients was 45.7 million in China (4). China has a large
number of asthma patients, characterized by sustainable
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Key findings

e The burden of asthma in China, South Korea, and Japan has a
downward trend, but elderly patients still need more attention.
Our prediction model shows that the burden of asthma in the three
East Asian countries continued to decline or stabilize until 2030,
especially in China and Japan.

What is known and what is new?

® Asthma is still a public health problem worthy of concern, special
in China, South Korea, and Japan.

*  We clarify the temporal trend of the incidence, deaths, and DALYs
of asthma in China, South Korea, and Japan by gender, age, and
risk factors from 1990 to 2019 using global Burden of Disease data
2019.

What is the implication, and what should change now?

®  We can more clearly understand the burden of asthma in parts of
East Asia and promote a more accurate prevention and control
strategy for asthma.
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growth, an extended course of the disease, repeated
paroxysms, and many related comorbidities (5). The results
of Phase 2 of the Asthma Insights and Reality in Asia-Pacific
(AIRIAP2) showed that 53.4% of patients had uncontrolled
asthma in the Asia-Pacific region, but only 2.5% of patients
achieved asthma control, suggesting that the overall asthma
care and control effect was not ideal (6). Owing to the
increasing disease burden of asthma, many countries have
raised the prevention and treatment of the disease as a
national health strategy project (7).

The epidemiological distribution of asthma shows
substantial geographical heterogeneity. In 2019, the age-
standardized prevalence of asthma was highest in high-
income North America, and lowest in East Asia (2). The
deaths of asthma have declined to varying degrees in all
regions of the world, with the largest decline occurring
in the high-income Asia Pacific region. And Oceania has
the highest age-standardized disability-adjusted life year
rate (ASDALR), while East Asia has the lowest. East Asia
is at a low level of asthma burden globally. Therefore,
in-depth understanding of the disease burden of asthma
in East Asia is more conducive to controlling the overall
disease burden of asthma. Nevertheless, the epidemiology
of asthma in all age groups in China or East Asia is
yet to be clarified. Although China, Japan, and South
Korea have many similarities in cultural, economic, and
ancestral backgrounds, but the corresponding disease
burden is at different levels. Therefore, the present study
aimed to clarify the temporal trend of the incidence,
deaths, and disability-adjusted life years (DALYs) of
asthma by gender, region, and risk factors in China,
Japan, and South Korea from 1990-2019. We present
this article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-22/rc).
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Methods
Data source

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The original
data sources are derived from the Global Burden of Disease
2019 (GBD 2019) Data Input Sources Tool website (http://
ghdx.healthdata.org/gbd-2019/data-input-sources). The
database monitored and assessed 204 countries and regions
of different disease characteristic indexes, including the
incidence, deaths, and DALYs (8-11). Next, we used the data
from 1990-2019 in the GBD 2019 to estimate the trends
of burden of asthma in China, South Korea, Japan, and
the world with three standard epidemiological measures:
incidence, deaths, and DALYs. Moreover, we assessed the
burden of tobacco, metabolic risks, and environmental/
occupational risks between the sexes in the three countries.
In the GBD 2019 research, 95% uncertainty intervals (Uls)
of all estimates were reported (8,9). The age of patients was
divided into the following groups: 1 to 4, 5 to 9, 10 to 14,
15 to 19, 20 to 24, 25 to 29, 30 to 34, 35 to 39, 40 to 44, 45
t0 49, 50 to 54, 55 to 59, 60 to 64, 65 to 69, 70 to 74, 75 to
79, 80 to 84, 85 to 89, 90 to 94, 95 and above.

Definition of asthma

Bronchial asthma (asthma) is characterized by chronic
airway inflammation and airway hyperresponsiveness (12).
The typical symptom is paroxysmal expiratory dyspnea
accompanied by wheezing, and a few patients have chronic
cough as the only symptom. It is generally accepted that
the interaction of environmental factors and associated
genes contribute to the development of asthma, and the
mechanism is extremely complex (13-15). The definition of
asthma was coded by the 10th edition of the International
Statistical Classification of Diseases and Related Health
Problems (ICD-10). The coding range for asthma is
J45-J46. In addition, the definition of asthma between some
countries and regions is based on a doctor’s diagnosis and
wheezing symptoms in the past year (2,9).

Statistical analysis

The standardized methods of the GBD 2019 have been
described previously (8,9). The age- and sex-specific
incidence, mortality, and DALYs from asthma were

reasonably estimated for the three countries and the world
from 1990-2019. Briefly, DisMod-MR 2.1, a Bayesian
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meta-regression tool for GBD, was used to ensure internal
consistency between incidence, prevalence, excess mortality,
and cause-specific mortality (8,9). Furthermore, the changes
in age-standardized rates (ASRs) for incidence and mortality
were assessed to evaluate the trends in disease burden of
asthma for each region. We extracted data on major risk
factors related to asthma, such as tobacco, metabolic factors,
and environmental/occupational factors, and conducted risk
factor analysis on age-standardized incidence rate (ASIR)
and ASDALR between different genders. The identified
trends of varying internal in ASRs were described by annual
percentage change (APC), which is the change in the
slope of the linear trend. Subsequently, the average annual
percentage change (AAPC), a weighted average of the APC
calculated by the Joinpoint Regression Program version
4.8.0.1 (https://surveillance.cancer.gov/joinpoint/).

Age-period-cohort is a common statistical analysis model,
which can evaluate its impact on the outcome variables from
three dimensions of age, period, and birth cohort. Based
on the APC prediction model, the present study analyzed
the prediction model of three East Asian countries from
1990-2019 and predicted the disease burden attributed to
asthma from 2020-2030. Specifically, the model described
the trends in age-standardized indicators of asthma burden
every 5 years according to the independent effects of age,
period, and cohort. In addition, the R package “nordpred”
was used for fitting the model with a power five-link
function, which has been shown to improve the accuracy of
projection (16). All statistical analyses were conducted using
the R program (version 4.1.2).

Results

Burden of astbma in China, South Korea, Japan, and the
world

The burden of asthma in China, South Korea, Japan, and
the world from 1990-2019 is shown in Tubles 1,2. The
incident cases, deaths, and DALYs of asthma showed a
decreasing trend in China, South Korea and Japan from
1990-2019. The incident cases, and deaths of the world
have a slow upward trend, but DALY are still declining.
In 2019, the incident cases, deaths, and DALYs of asthma
in China were 376.13/10,000 (95% UI: 290.11-491.79),
2.48/10,000 (95% UI: 2.02-3.08), and 141.32/10,000 (95%
UI: 105.23-191.88), respectively. Compared to 1990, the
changes of the above indicators were -16.24% (-19.00% to
-13.75%), -38.61% (-47.26% to -33.33%), and -29.48%
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Table 1 The number of asthma burden in China, South Korea, Japan, and the World from 1990 to 2019, by sexes

China, No. x10*(95% UI)

South Korea, No. x10*(95% Ul)

Japan, No. x10*(95% Ul)

Global, No. x10* (95% Ul)

1990 2019 1990 2019 1990 2019 1990 2019
Both
Incidence 449.06 376.13 22.55 21.11 112.53 56.17 3,216.32 3,697.93
(336.35-607.12) (290.11-491.79) (18.62-27.50) (17.78-25.06) (94.54-134.70) (46.71-67.68)  (2,575.28-4,051.31) (2,960.20-4,592.81)
Deaths 4.04 2.48 0.61 0.27 0.61 46.00 46.11
0.22 (0.16-0.30)
(3.03-5.84) (2.02-3.08) (0.39-0.72) (0.20-0.33) (0.54-0.65) (34.26-59.96) (36.66-55.90)
DALYs 200.4 141.32 17.34 10.40 55.61 22.20 2,232.11 2,155.10
(150.20-263.50) (105.23-191.88) (13.28-21.06) (7.69-13.92)  (40.61-75.23) (15.17-31.19)  (1,790.95-2,734.42) (1,714.16-2,697.20)
Male
Incidence 253.07 218.13 11.11 10.04 53.03 22.78 1,628.01 1,862.72
(187.64-344.28) (167.58-288.42)  (9.08-13.64)  (8.40-12.00)  (44.31-63.78) (18.55-27.78)  (1,282.90-2,100.90) (1,469.48-2,364.98)
Deaths 2.05 1.44 0.27 0.10 0.35 0.09 23.29 21.37
(1.38-3.22) (1.14-1.88) (0.22-0.31) (0.08-0.12) (0.33-0.37) (0.07-0.11) (16.84-32.34) (17.41-26.02)
DALYs 108.39 81.52 8.71 4.82 26.69 8.94 1,118.99 1,043.47
(80.33-144.93) (60.43-109.56) (7.19-10.54) (3.51-6.49) (20.09-35.57)  (6.22-12.57) (896.42-1,392.93) (831.89-1,305.02)
Female
Incidence 195.99 158.00 11.43 11.07 59.50 33.38 1,588.31 1,835.21
(148.60-260.09) (122.12-203.42)  (9.31-14.09)  (9.33-13.17)  (49.71-70.91) (27.91-39.92)  (1,295.51-1,970.68) (1,495.63-2,237.83)
Deaths 1.99 1.04 0.34 0.17 0.26 0.13 22.71 24.74
(1.32-3.61) (0.71-1.39) (0.16-0.43) (0.11-0.22) (0.21-0.29) (0.09-0.19) (15.29-31.40) (17.98-32.01)
DALYs 92.06 59.80 8.63 5.58 28.92 13.26 1,113.12 1,111.63
(67.82-133.66) (43.00-80.94) (5.87-10.85) (4.07-7.53) (20.53-39.60)  (9.00-18.75) (854.82-1,393.92) (867.46-1,407.52)

Ul, uncertainty interval; DALY, disability-adjusted life year. Data Source: Global Burden of Disease 2019.

(-29.94% to -27.18%) (Table I1). The incident cases,
deaths, and DALYs of asthma in 2019 were 21.11/10,000
(17.78-25.06), 0.27/10,000 (0.20-0.33), and 10.40/10,000
(7.69-13.92) in South Korea, respectively, and 56.17/10,000
(46.71-67.68), 0.22/10,000 (0.16-0.30), and 22.20/10,000
(15.17-31.19) in Japan, respectively (Table 1). Compared to
1990, the incident cases, deaths, and DALYs of asthma in
both South Korea and Japan recorded a decline in 2019.
The ASIR, age-standardized death rate (ASDR), and
ASDALR of asthma in China, South Korea, Japan, and the
world showed a decreasing trend from 1990-2019. In 2019,
the ASIR, ASDR, and ASDALR of asthma in China were
355.33/100,000 (95% UI: 259.68-492.64), 1.51/100,000
(95% UI: 1.23-1.86), and 102.81/100,000 (95% UTI:
72.30-147.42), respectively. Compared to 1990, the changes
were -9.95% (-12.08% to -6.95%), -76.30% (-80.32%
to =73.77%), and -50.87% (-54.69% to -45.87%) in
2019 (1able 2). Notably, the burden of asthma in terms of
incidence, deaths, and DALYs in China ranked top among
the three countries in 2019, but ASRs were lower than that

© Journal of Thoracic Disease. All rights reserved.

of Japan and South Korea (Zables 1,2). In terms of gender,
the asthma burden of males in China was worse than that
of females. Conversely, the burden of asthma in Japan was
worse for females than for males and was close to equilibrium
by gender in South Korea (Zables 1,2). The ASDR of asthma
in China declined obviously from 1990-2019 with AAPC of
-5.22 [95% confidence interval (CI): =5.45 to -5.00], and
the AAPCs in ASIR and ASDALR of asthma in China were
~0.59 (95% CI: ~1.25 to 0.07) and -2.89 (95% CI: -3.36 to
-2.42) (Table 2).

Age-wise distribution of asthma burden

The data of incident cases, deaths, and DALYs of asthma in
different age groups in China, South Korea, Japan, and the
world from 1990-2019 are shown in Figure 1. From 1990-
2019, the burden of asthma was primarily concentrated in
<19 and >65 years old age groups in China, South Korea,
Japan, and the world (Figure 14-1D). The overall burden of
asthma in different age groups in China from 1990-2019 is

7 Thorac Dis 2023;15(5):2559-2570 | https://dx.doi.org/10.21037/jtd-23-22
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Table 2 The age-standardized rates and changing trend of asthma burden in China, South Korea, Japan, and the World from 1990 to 2019, by

sexes

ASIR/10°(95% U)) 1990-2019

AAPC (95% ClI)

ASDR/10°(95% Ul)

1990-2019

AAPC (95% CI)

ASDALR/10°(95% Ul) 1990-2019

AAPC (95% Cl)

1990 2019 1990 2019 1990 2019
Both
Global 580.09 504.28 -0.47 11.91 5.80 -2.65 476.28 273.63 -2.05
(474.68-715.04) (400.64-633.26) (-0.67 to -0.27) (8.80-15.86) (4.62-7.03) (-2.73to -2.57) (378.49-579.59) (216.71-343.38) (-2.16 to —1.94)
China 394.58 355.33 -0.59 6.37 1.51 -5.22 209.24 102.81 -2.89
(295.36-529.45) (259.68-492.64) (-1.25100.07)  (4.69-9.45) (1.23-1.86) (-5.45t0 -5.00) (159.57-272.33) (72.30-147.42) (-3.36 to —2.42)
South 586.87 510.52 -0.57 35.60 3.48 -9.59 645.60 178.52 -5.27
Korea (486.52-715.45) (400.45-652.89) (-0.67 to -0.47) (20.81-42.09) (2.56-4.31) (-10.30 to -8.87) (465.16-764.32) (126.09-251.80) (-5.65 to —4.89)
Japan 963.11 584.11 -2.50 4.04 0.46 -8.46 401.27 161.15 -4.03
(785.39-1201.19) (439.70-775.33) (-2.89 to -2.10)  (3.59-4.32) (0.36-0.62) (-8.89to -8.02) (289.81-546.61) (104.80-241.75) (—4.47 to —-3.58)
Male
Global 577.74 505.76 -0.40 13.76 5.93 -3.06 498.88 272.16 -2.22
(466.39-721.91) (394.92-649.36) (-0.60 to —0.19) (9.82-19.51) (4.84-7.21) (-3.14t0 -2.98) (392.53-620.97) (216.88-340.92) (-2.33 to —-2.10)
China 432.76 397.59 -0.42 7.40 2.09 -4.55 231.54 119.43 -2.61
(321.69-584.77) (289.86-554.46) (-1.04 t0 0.21) (4.94-12.68) (1.70-2.65) (-4.75to -4.34) (173.30-318.39) (86.12-169.82) (-3.04 to -2.18)
South 599.09 510.14 -0.71 45.54 3.68 -10.42 808.32 183.17 -6.14
Korea (496.90-740.65) (397.98-655.36) (—0.81 to -0.62) (34.87-53.77) (2.90-4.53) (-11.21 to -9.62) (669.51-938.49) (130.23-256.88) (-6.57 to —-5.71)
Japan 952.80 515.04 -3.80 5.83 0.52 -9.48 423.97 138.63 -5.35
(772.20-1193.38) (383.98-684.34) (-4.33 to -3.27)  (5.42-6.17) (0.41-0.65) (-9.94 to -9.01) (314.19-568.34) (90.93-207.19) (-5.85to —4.85)
Female
Global 582.27 501.55 -0.55 10.67 5.72 -2.32 461.30 275.24 -1.94
(480.29-709.48) (402.41-621.43) (-0.75to -0.34) (7.15-14.80) (4.16-7.39) (-2.41to -2.24) (353.71-579.02) (214.89-349.63) (-2.05 to —1.84)
China 354.20 309.71 -0.85 5.71 1.12 -5.86 190.74 87.45 -3.29
(268.02-469.26) (226.92-424.00) (-1.57 to -0.12) (3.77-10.09) (0.78-1.51) (-6.12to -5.60) (140.71-277.12) (59.60-126.36) (-3.81 to —2.76)
South 575.39 511.94 -0.44 30.97 3.27 -9.26 553.17 176.13 -4.67
Korea (471.34-701.81) (405.72-653.90) (-0.57 to —0.30) (14.04-38.85) (2.20-4.27) (-9.94 to -8.57) (352.88-678.08) (122.68-251.89) (-5.04 to —4.29)
Japan 977.54 654.04 -1.48 2.95 0.42 -7.56 389.68 184.12 -2.99
(791.13-1202.89) (496.70-865.61) (-1.93to -1.04) (2.31-3.26) (0.32-0.62) (-7.98to -7.15) (274.25-546.52) (119.28-277.56) (-3.46 to —-2.51)

ASIR, age-standardized incidence rate (per 100,000); ASDR, age-standardized death rate (per 100,000); ASDALR, age-standardized DALY
rate (per 100,000); AAPC, average annual percentage change; Ul, uncertainty interval; Cl, confidence interval; DALY, disability-adjusted life

year. Data Source: Global Burden of Disease 2019.

on the decline, and the number of asthma patients increased
slightly after 40 years of age and reached a peak at the
age of 65 years (Figure 1B). Notably, the incident cases of
asthma worldwide have a slow downward trend, and the
number of cases of individuals >40 years in China and South
Korea is increasing slightly (Figure 14-1C). The deaths
of asthma in the world are in the declining stage, and the
number of patients >90 years old in South Korea and Japan
is augmenting acutely (Figure 1A4,1C,1D). The DALYs in
China, South Korea, Japan, and the world have decreased
in varying degrees in different age groups, while the DALY

© Journal of Thoracic Disease. All rights reserved.

in >95 years old in South Korea and Japan are increasing

(Figure 14-1D).

Burden of asthma by gender

The ASIR, ASDR, and ASDALR of asthma of different
genders in China, South Korea, Japan, and the world are
shown in Figure 2. Globally, 505.76/100,000 (95% UI:
394.92-649.36) of the ASIR with asthma occurred in males
compared to 501.55/100,000 (95% UI: 402.41-621.43)
in females in 2019 (Figure 24 and Table 2). The ASDR in
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Figure 1 Changes of incidence, deaths and DALYs in age-specific in China, South Korea, Japan, and the world, 1990 to 2019. (A) The

burden of asthma in all age groups in the world; (B) the burden o
groups in South Korea; (D) the burden of asthma in all age groups
of Disease Study 2019.

males with asthma worldwide was 5.93/100,000 (95% UTI:
4.84-7.21) compared to 5.72/100,000 (95% UI: 4.16-7.39)
in females in 2019 (Figure 2B and Table 2). The ASDALR
in males with asthma worldwide was 272.16/100,000 (95%

© Journal of Thoracic Disease. All rights reserved.

f asthma in all age groups in China; (C) the burden of asthma in all age
in Japan. DALY, disability-adjusted life year. Data Source: Global Burden

Ul 216.88-340.92) compared to 275.24/100,000 (95% UI:
214.89-349.63) in females in 2019 (Figure 2C and Table 2).
In 2019, 56.21% (397.59/100,000) of the ASIR of asthma
occurred in males compared to 43.79% (309.71/100,000)
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in females in China (7Table 2). Among ASDR of asthma
in China, males accounted for 65.11% (2.09/100,000)
and females accounted for 34.89% (1.12/100,000) of all
patients (Table 1). The ASDR of asthma between males
and females in China, South Korea, Japan, and the world
is in a continuous downward trend (Figure 2B). The ASIR
and ASDALR of asthma of different genders in China,
South Korea, and Japan declined first and stabilized
(Figure 24,2C). Compared to 1990, the ASIR and ASDR in
males decreased markedly in South Korea and Japan, and
ASDALR in females reduced significantly in China and
South Korea in 2019.

Prediction of asthbma burden

The predictions of asthma disease burden are shown in

Figure 3. In 2030, the projected ASIR, ASDR, and ASDALR

© Journal of Thoracic Disease. All rights reserved.

of asthma in China would be 323.05/100,000 (95% CI:
317.21-329.39), 0.81/100,000 (95% CI: 0.55-1.17), and
83.21/10,000 (95% CI: 72.96-96.33), respectively (Figure
3A4-3C). From 2019-2030, the ASIR of asthma in China
and Japan continued to decrease from 355.33/100,000 (95%
UI: 259.68-492.64) in 2019 to 323.05/100,000 (95% CI:
317.21-329.39) in 2030, and from 584.11/100,000 (95%
Ul: 439.70-775.33) in 2019 to 541.35/100,000 (95% CI:
514.97-573.44) in 2030 (Table 2 and Figure 34). The world’s
ASIR remained stable at around 510.52/100,000 (95%
UI: 400.45-652.89), while South Korea’s ASIR increased
slightly from 510.52/100,000 (95% UI: 400.45-652.89) in
2019 to 533.79/100,000 (95% CI: 524.59-543.55) in 2030
(1able 2 and Figure 3A).

Regarding ASDR of asthma, these countries showed a
downward trend, with the number of patients in China,
South Korea, and Japan decreasing from 1.51/100,000 to
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0.81/100,000, from 3.48/100,000 to 0.87/100,000, and
from 0.46/100,000 to 0.22/100,000, respectively (Zable 2
and Figure 3B). The ASDALR of asthma in China, South
Korea, and Japan decreased from 102.81/100,000 to
83.21/100,000, from 178.52/100,000 to 167.07/100,000,
and from 161.15/100,000 to 137.78/100,000, respectively
(Table 2 and Figure 3C). The results of the prediction model
showed that the burden of asthma in China, Japan, and the
world declined slowly and stabilized gradually in the future.

Risk factors of asthma in China, South Korea, Japan, and
the world

In 2019, the global leading risk factor for ASDR due
to asthma was tobacco in males, which accounted for
12.14/100,000 (95% UI: 6.48-16.98) (Figure 44). The main
risk factors for ASDR in females worldwide were metabolic
and environmental/occupational factors, which accounted
for 10.20/100,000 (95% UI: 5.29-16.82) and 2.40/100,000
(95% UL: 1.75-3.14), respectively (Figure 4B). The principal
risk factor for ASDALR in males and females worldwide
was tobacco, which accounted for 40.29/100,000 (95% UT:

© Journal of Thoracic Disease. All rights reserved.

21.87-56.08) and 50.45/100,000 (95% UI: 28.84-78.13)
(Figure 4C,4D). Tobacco was the main contributor to
male ASDALR of asthma in China, South Korea, Japan,
and the world (>40.29%, 16.69%, 15.94%, and 11.86%,
respectively), but the minor contributor to female
ASDALR (1.73, 3.01%, 5.07%, and 4.41%, respectively)
(Figure 44-4D). The present study showed that South
Korean male is most affected by these three risk factors in
China, South Korea, and Japan. In addition to metabolic
factors, the principal feature in China, Japan, and South
Korea is that males are more affected by risk factors than
temales (Figure 44-4D).

Discussion

This study systematically summarized the burden of asthma,
its temporal trend and risk factors in China, South Korea
and Japan from 1990 to 2019, as well as the predictions
until 2030. The burden of asthma continued to decline
in the world, but the incident cases, deaths and DALYs in
South Korea were still high. From a global perspective, the
disease burden of asthma in the entire Asian region is at a
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low level. However, there are many significant differences
between Asian regions, especially between East Asia and
Central Asia and Southeast Asia (2). It is worth noting that
the burden of ASDR in the three countries has declined
sharply, especially in China. The results of this article show
that there are deficiencies in the level of asthma control in
China, South Korea and Japan, but there are still different
degrees of improvement in the prevention and control of
asthma.

The current results showed that the main population
suffering from asthma was the children and elderly in China,
South Korea, and Japan over the past three decades. This
finding was consistent with the general occurrence pattern
of asthma (17,18). We also demonstrated that from 1990-
2019, the level of asthma control in China was better than
the global level and the overall disease burden improved
significantly, but the control effect was worse than that of
South Korea and Japan. In the current study, the ASIR,
ASDR, and ASDALR of different age groups in China,
South Korea, and Japan showed a certain downward trend
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in the past 30 years, and the ASDR decreased significantly.
This phenomenon might be attributed to the rational use
of inhalation corticosteroids, which decreased the mortality
of asthma patients (18). This finding is closely related to
the growing global emphasis on respiratory diseases and
the improvement of related health conditions. Notably, our
prediction model showed that the overall disease burden
of China, South Korea, and Japan has a slight decline
or balance from 2020-2030. Specifically, ASDR would
have a distinct downward trend in 2030, which might be
related to the increasingly progressive medical and health
environment and disease attention globally.

The morbidity of asthma is closely related to age and
gender, but the idiographic mechanism is complicated.
This study demonstrated that the burden of male asthma
is higher than that of females in China, and the burden
of Japanese females is slightly higher than that of males.
The gender variations between China and South Korea
are different from the anterior epidemiological studies,
which may be closely related to the differences in gender
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composition. Typically, female is about 10.5% more likely
than males to suffer from asthma over their lifetime. The
morbidity of asthma in adolescent boys aged <18 years is
significantly higher than that of girls of the same age (18).
This phenomenon indicated sex-related differences in
morbidity due to the influence of sex hormones (7,17,19). In
addition, the high morbidity of boys is partially due to the
fact that the airway of adolescent boys is smaller than that
of young girls, which is reversed after puberty (17,20,21).
Moreover, the burden of asthma by gender differences is
impacted in genetics/epigenetics, sex hormones, social and
environmental factors, and response to therapeutics. Gender
differences in environmental exposures and healthcare
utilization are crucial factors to consider in asthma (19).

In the present study, the number of asthma deaths from
asthma and DALYs decreased in different age groups in
China, South Korea, Japan, and the world, with the most
obvious decrease in South Korea and Japan. This study also
demonstrated that the burden of asthma for the elderly in
these three countries was high, especially in South Korea
and Japan. Baptist ez 4. (22). confirmed that asthma is a
common occurrence among individuals >65 years old, and
the elderly had a higher incidence and mortality than other
age groups. A Japanese study (23) revealed that elderly
patients accounted for nearly 90% of the total asthma-
related mortality. Patients aged >75 years accounted for
about 80% of all deaths. Elderly patients with asthma do
not have any typical symptoms of asthma, and fatigue is
often the main symptom (22). Compared to young people,
elderly patients had lower forced expiratory volume in 1
second (FEV1) and FEV1% prediction and more severe
airflow restriction (24). The pathophysiology of asthma
in elderly patients is not as good as that in young people
and children (25). In addition, older patients with asthma
may have altered airway and systemic inflammation, which
responds less to corticosteroid therapy (22).

A previous study comprehensively reviewed potential risk
factors of asthma, and the differences in the distribution
of these risk factors might explain the differences in the
prevalence of asthma (9). Moreover, the risk factors in East
Asia and the world are different between genders and across
countries. However, tobacco is still one of the major risk
factors for asthma (4,26). The current study showed that
the risk factors attributed to tobacco in China, South Korea,
and Japan have a declining trend. This phenomenon may
be closely related to the implementation and promotion of
the 2005 World Health Organization (WHO) Framework
Convention on tobacco control (27,28). Therefore, the
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implementation of various tobacco control measures, such
as banning sales to teenagers, prohibiting smoking in public
places, and publicizing the harm of smoking, is conducive to
the effective control of the burden of asthma (29,30).

We also found that metabolic and environmental/
occupational factors have varied patterns for asthma
development in China, Japan, South Korea, and the world.
In terms of metabolic risks, obesity increases the risk of
asthma in both genders, especially with a pronounced
effect in females (31). A cohort study suggested that before
conception, a father’s high body mass index (BMI) trajectory
increases the risk of asthma in his offspring (32). In East
Asia, environmental/occupational factors are the key risk
factors for asthma. Polluted air not only aggravates the
symptoms but also leads to the development of childhood
asthma (33). A parentally administered questionnaire
revealed (34) that long-term exposure to NO,, PM10,
and traffic air pollution could be risk factors for asthma
in Chinese children. In addition, about 10-25% of adult-
onset asthma is a work-related exposure (31). The common
features of work-related asthma (WRA) are the symptoms
and signs corresponding to asthma and the correlation with
workplace exposure (35).

Nevertheless, the present study has several limitations.
First, the main limitation of this study is that the data are
from GBD 2019. Due to the limited data, there is a lack
of analysis of disease subtypes. The analysis of different
subtypes may be conducive to an overall understanding of
the disease. Second, the misdiagnosis rate of each country
should be considered. Since most patients with asthma
are determined by spirometry, the lack of spirometry
evaluation would lead to misdiagnosis and insufficient
diagnosis. Third, this study only considers limited risk
factors. The risk factors of asthma can also be attributed
to other proven factors, such as air pollution, obesity, and
psychosocial stress. Due to the limited data in GBD 2019,
some risk factors were not considered. The present study
is a comprehensive and systematic report on the regional
disease burden of asthma in the world, which provides
a foundation for better control and management of the
disease in the future.

Conclusions

According to GBD 2019, heterogeneity was detected in the
epidemiology of asthma across gender, age, and risk factors
in three East Asian countries. With the increasing middle-
aged and elderly population in several countries, asthma
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increases the economic burden of public health. Therefore,
the prevention measures for middle-aged and senior
patients, such as smoking control and improving living
and working environment, would be optimal for different
genders, age groups, and locations.
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