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Abstract 

Background: The provinces in western China have undergone rapid urbanization and industrialization, particularly 
since the Chinese government launched the Great Western Development Strategy in 2000. We examined the time 
trends and contributions of age, period, and cohort effects to asthma incidence and mortality in Sichuan Province, a 
populous province in western China, from 1990 to 2019.

Methods: The data of Sichuan Province from 1990 to 2019 were extracted from the Global Burden of Disease study 
2019. Trends and average annual percentage change were estimated using joinpoint regression. Age, period, and 
cohort effects were estimated using an age-period-cohort model with the intrinsic estimator method.

Results: In the latest period (2015–2019), the highest incidence of asthma was 2004.49/100,000 in children 
aged < 5 years, and the highest mortality rate was 22.04/100,000 for elderly people aged > 80 years. Age-standardized 
rates generally remained stable (95% confidence interval [CI]  − 0.21, 0.11) for incidence and declined by 4.74% (95% 
CI − 5.09, − 4.39) for mortality over the last 30 years. After controlling for other effects, the age effect on asthma 
showed that the incidence rate ratio (RR) was highest in the < 5 years age group, and the mortality RR was highest 
in the > 80 years age group. The period effect on incidence and mortality decreased from 1990 to 2019, respectively. 
A cohort effect was found the incidence RR increased slowly from the early birth cohorts to the later birth cohorts, 
especially after the 2005 birth cohort, whereas the mortality RR continued to decline.

Conclusions: There was a significant effect of older age on the asthma mortality rate over the last 30 years, and the 
incidence rate in children aged < 5 years increased. The relative risk of asthma incidence in the later birth cohorts 
increased. Effective preventive measures and public health policies should be to protect children and elderly people 
from potentially harmful chronic diseases.
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Background
In 2019, chronic respiratory diseases were the third most 
frequent cause of global mortality and the ninth most fre-
quent cause of disability-adjusted life years (DALY); of 
such diseases, asthma is one of the most common [1, 2]. 
Asthma affects all age groups, but particularly children; 
in 2019, asthma affected an estimated 262 million peo-
ple and caused 461,000 deaths globally [2, 3]. In China 
alone, according to the Global Burden of Disease (GBD) 
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study 2019, there were 3,761,277 new cases and 24,750 
deaths from asthma in 2019 [4]. Some reports have sug-
gested that there are currently many undiagnosed and 
undertreated cases of asthma in China [5]. Similar to 
many chronic non-communicable diseases, asthma is 
not only a complex genetic disorder, but is also substan-
tially affected by environmental, occupational, lifestyle, 
and behavioral factors [6–8]. Many recent studies have 
shown that asthma prevalence in developed regions is 
higher than that in developing regions, and is also higher 
in urban residents than in rural residents [2, 9]. Areas in 
which there has been a rapid rise in asthma incidence, 
such as Africa and Eastern Mediterranean, are generally 
those characterized by rapid social and economic devel-
opment, whereas upper-middle-income and high-income 
areas have been relatively stable [9, 10]. Since the Chinese 
government launched the Great Western Development 
Strategy in 2000, the western region of China has under-
gone rapid urbanization and industrialization. This may 
have contributed to asthma prevalence and the result-
ing substantial burden of disease [11–13]. Huang and his 
colleagues assessed trends in asthma mortality in China 
from 2000 to 2019, and showed that age, period, and 
population birth cohorts may contribute to changes in 
asthma mortality [14]. At present, the trends in asthma 
incidence and mortality in the western provinces of 
China are unclear. To support the implementation of the 
Chronic Respiratory Diseases Prevention and Control 
Campaign in Healthy China Action 2019–2030, we sys-
tematically analyzed the changes in asthma in Sichuan 
Province, a populous province in western China [15].

Sichuan province is the most populous province (with 
more than 80 million residents) of the 12 Great Western 
Development Strategy policy regions. Because of its large 
size (486,000  km), multiethnic composition, and unbal-
anced economic development, Sichuan is considered a 
typical Chinese province [16]. In this study, we examined 
asthma incidence and mortality in Sichuan from 1990 
to 2019 using age-period-cohort (APC) analysis. APC 
analysis has been widely used to address important ques-
tions related to social change, etiology of disease, aging, 
and population processes and dynamics and to demon-
strate the effects of age, period, and cohort factors [17]. 
Age effects represent changes in disease incidence and 
mortality because of aging processes, which arise from 
physiological changes, accumulation of social experi-
ence, social role or status changes, or a combination of 
these. Period effects subsume a complex set of histori-
cal events and environmental factors that affect all age 
groups simultaneously. Cohort effects refer to the differ-
ence between different birth cohort groups. Some stud-
ies have shown that social and environmental factors may 
drive period and cohort effects; for example, policies or 

economic changes can affect air pollution levels, tobacco 
use, and asthma awareness and diagnosis [18, 19]. The 
aim of this study was to examine time trends and the 
unique effects of age, period, and cohort, as well as the 
simultaneous synergistic effects of all three, to provide 
theoretical support for health policymaking in regions 
characterized by rapid economic change.

Methods
Data source
Data on asthma incidence and mortality rates in Sichuan 
were obtained from the GBD study 2019. The GBD study 
provided a comprehensive estimation of 369 diseases 
and injuries by age and sex in 204 countries and territo-
ries from 1990 to 2019 [20]. The GBD study synthesized 
data from a large number of input sources to obtain esti-
mated disease burden indexes, including incidence and 
mortality. The original data estimated by the GBD study 
for asthma incidence and mortality in China is briefly 
summarized. These data were mainly obtained from pub-
lished cross-sectional studies, cohort studies, and mul-
ticenter epidemiological studies in China [21–23], and 
from nationally representative institutions such as the 
Cause of Death Reporting System of the Chinese Cent-
ers for Disease Control and Prevention, the Disease Sur-
veillance Points, and the Maternal and Child Surveillance 
System. More detailed information about data input 
sources can be found on the GBD study website (https:// 
ghdx. healt hdata. org/ gbd- 2019/ data- input- sourc es) and 
in previous reports [24–28]. This project received waiver 
for ethical approval from Sichuan University (2022-128).

Asthma incidence and mortality analysis
A Bayesian meta-regression model generated in DisMod-
MR 2.1 was used to uniformly estimate asthma incidence 
and mortality by the GBD study, the standardized meth-
ods of which have been extensively reported elsewhere 
[29, 30]. The incidence and mortality rate was calculated 
for each age group (e.g., 0–4, 5–9 years) up to ≥ 80 years. 
The age-standardized incidence rate (ASIR) and age-
standardized mortality rate (ASMR) for asthma were 
calculated using direct standardization according to the 
GBD world population standard [31]. These data includ-
ing asthma incidence and mortality by age and year, ASIR 
and ASMR were used to perform a joinpoint regression 
and APC analysis.

Joinpoint Poisson regression
Identification of temporal trend change is an important 
issue in the analysis of disease mortality and incidence 
rate. Joinpoint regression establishes segmental regres-
sion based on temporal characteristics of disease dis-
tribution. The logarithmic linear model was selected 
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and the rates were transformed logarithmically. All 
possible connection points of the interval piecewise 
function were established using a grid search method. 
To comprehensively evaluate the total average trend in 
incidence and mortality rate, the average annual per-
centage changes (AAPC) and corresponding 95% con-
fidence intervals (CI) were assessed using joinpoint 
regression analysis [32]. The Monte Carlo permutation 
test method was used to optimize the model, and the 
Bonferroni correction was used to maintain the over-
all asymptotic significance level [33]. The analysis was 
performed using “joinpoint” software developed by the 
Division of Cancer Control and Population Sciences of 
the US National Cancer Institute [34].

APC analysis
The APC model is based on the Poisson distribution 
and was used to ascertain temporal trends in asthma 
by age, period, and cohort, as well as the trends after 
adjusting for age, period, and cohort [35]. The asthma 
incidence and mortality rates between 1990 and 2019 
were separately modeled using the Poisson log-linear 
model. The model can be expressed as:

where  rij denotes the expected incidence or mortality of 
asthma for the i-th age group and the j-th examination 
year; μ denotes the overall population mean; αi denotes 
the effect of the i-th age group; βj denotes the effect of 
the j-th examination year; and γk denotes the effect of 
the k-th cohort. We used the intrinsic estimator method 
based on the intention-to-collapse method to estimate 
the age, period, and cohort effects, which provide unbi-
ased and relatively efficient estimation results. The inten-
tion-to-collapse method required the continuous periods 
to be collapsed into one period to ensure the age groups 
had the same time span. As the age groups were grouped 
5 years apart (0–4, 5–9, …, 75–79, ≥ 80 years), five con-
tinuous periods (1990–1994, 1995–1999, …, 2015–2019) 
were also collapsed into one period to ensure the same 
time span as the age groups. Because the intention-to-
collapse method does not change the coding of the age 
and period effects, for intuitive explanation, we calcu-
lated the rate ratio (RR) as the exponential values of the 
regression coefficients (exp(coef.) =  ecoef.) [36]. This meas-
ure describes the incidence and mortality relative risk of 
asthma for a particular age, period, or cohort compared 
with the overall average rate. The analysis was performed 
using the apc package in R language (version 4.1.2).

logrij = µ+ αi + βj + γk, i = 1, . . . , a.j = 1, . . . , p

Results
Asthma incidence and mortality in Sichuan Province
Figure  1 shows that the ASIR in Sichuan decreased 
from 372.84/100,000 in 1990 to 288.56/100,000 in 2006, 
then gradually increased to 463.89/100,000 in 2017 and 
finally dropped to 357.18/100,000 in 2019. The ASMR 
decreased from 4.07/100,000 in 1990 to 1.01/100,000 
in 2019. The total number of incident cases and deaths 
fluctuated similarly to ASIR and ASMR. Table  1 shows 
the age distributions of asthma incidence and mortal-
ity rates. In the latest period (2015–2019), the highest 
incidence of asthma was 2004.49/100,000 for individu-
als aged < 5  years, and the lowest incidence rate was 
90.61/100,000 for those aged 45–49 years. The mortality 
rate was highest for those aged > 80 years (22.04/100,000), 
and the age-specific asthma mortality rate increased with 
age.

Trends in age‑specific incidence and mortality rates using 
joinpoint regression analysis
Table 2 shows the AAPC of asthma incidence and mor-
tality rates in Sichuan from 1990 to 2019. Age-stand-
ardized rates declined by 0.05% (95% CI − 0.21, 0.11) for 
incidence and 4.74% (95% CI − 5.09, − 4.39) for mortality 
over the last 30  years. Moreover, ASIR slightly declined 
by 0.39% (95% CI − 0.67, − 0.11) from 1990 to 1994, fur-
ther declined by 2.46% (95% CI − 2.57, − 2.34) from 1995 
to 2004, significantly rose by 1.65% (95% CI 1.51, 1.79) 
from 2005 to 2013, further rose by 12.13% (95% CI 10.73, 
13.55) from 2014 to 2016, then declined by 11.20% (95% 
CI − 12.31, − 10.08) from 2017 to 2019. ASMR declined 
over the same period. From 1990 to 1994, 1995 to 1999, 
2000 to 2003, 2004 to 2006, 2007 to 2011, and 2012 to 
2019, ASMR decreased by 2.21%, 3.35%, 4.51%, 8.76%, 
4.96%, and 5.73%, respectively. In the age-specific inci-
dence rates, slightly increases were observed in age 
groups < 25  years, and slight decreases were observed 
in age groups > 25  years from 1990 to 2019. Mortality 
rates simultaneously declined in all age groups. Com-
pared with the older groups, the younger age groups 
showed more substantial mortality decline. Overall, the 
asthma ASIR has remained stable, whereas mortality 
has decreased, among all age groups over the last three 
decades.

Asthma incidence and mortality rates by age, period, 
and cohort
The trends in age-specific incidence and mortality in 
1990–1994, 1995–1999, 2000–2004, 2005–2009, 2010–
2014, and 2015–2019 are shown in Fig. 2. The incidence 
rate was highest in individuals aged < 5 years from 2015 
to 2019, and the highest mortality rate was for those 
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aged ≥ 80  years from 1990 to 1994. Figure  3 shows the 
variation in trends in asthma incidence and mortality 
for different age groups from 1990 to 2019. The inci-
dence rate of the < 5  years age group and the 5–9  years 
age group first decreased and then increased over time, 
whereas it remained almost stable in the other age 
groups. Mortality in all age groups showed a downward 
trend between 1990 and 2019. Figure 4 shows the cohort-
based variation in age-specific incidence and mortality. 

The asthma incidence rate in the < 5 years age group and 
the 5–9 years group first decreased and then increased in 
later birth cohorts. Mortality in all age groups continued 
to decline in later birth cohorts.

Age, period, and cohort effects
Results from the Poisson log-linear model using the 
intrinsic estimator method are shown in Table  3. The 
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Fig. 1 Time trends in asthma ASIR (a) and AMSR (b) in Sichuan Province, 1990–2019. ASIR age-standardized incidence rate; ASMR age-standardized 
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asthma incidence and mortality RR owing to age, period, 
and cohort effects are shown in Fig. 5.

After controlling for period and cohort effects, the 
analysis of the effects of age on asthma showed that the 
incidence RR was highest in the < 5 years age group, and 
the mortality RR was highest in the elderly age group 
(Fig. 5a). The estimated coefficient of the effect of age on 
incidence for individuals aged < 5 years was 1.57 (P < 0.05) 
and the mortality coefficient for those aged > 80  years 
was 2.45 (P < 0.05), respectively (Table  3). The inci-
dence RR decreased by 3.19 times and the mortality RR 
increased by 37.33 times in individuals aged > 80  years 
compared with those aged < 5  years. After controlling 
for age and cohort effects, the period effect on incidence 
and mortality decreased from 1990 to 2019 respectively 
(Fig.  5b). The estimated coefficient for the period effect 
on incidence and mortality in 2015–2019 was − 0.15 
(P < 0.05) and − 0.45 (P < 0.05), respectively (Table  3). 
During this period, the incidence and mortality RR of 
asthma decreased by 1.45 times and 2.44 times, respec-
tively. After controlling for age and period effects, the 

results demonstrated a cohort effect: the incidence RR 
increased slowly from the early birth cohorts to the late 
birth cohorts, particularly after the 2005 birth cohort, 
whereas the mortality RR continued to decline (Fig. 5c). 
The estimated coefficient of the cohort effect on inci-
dence and mortality in the 2015–2019 birth cohort was 
0.83 (P < 0.05) and − 2.38 (P < 0.05), respectively (Table 3). 
Compared with the 1910–1914 birth cohort, the inci-
dence RR and mortality RR of asthma in the 2015–2019 
birth cohort increased by 3.06 times and decreased by 
24.42 times, respectively.

Discussion
China’s economy has developed rapidly over the last 
40 years. The Great Western Development Strategy was 
implemented in 2000 to narrow the regional economic 
gap [37–39]. When the economy is rapidly growing, 
changes in some diseases may be ignored. There is evi-
dence of an association between asthma and economic 
development; the Global Asthma Report 2018 indicated 
that the global asthma prevalence rate has increased by 

Table 2 Average annual percentage changes in asthma incidence and mortality in Sichuan Province, 1990–2019

ASRage-standardized rate, AAPC average annual percentage changes, CI confidence interval

*Significantly different from 0 at alpha = 0.05 (P < 0.05)

Age group (year) Incidence Mortality

AAPC 95% CI AAPC 95% CI

ASR 1990 to 2019: − 0.05 (− 0.21, 0.11) 1990 to 2019: − 4.74* (− 5.09, − 4.39)

1990 to 1994: − 0.39* (− 0.67, − 0.11) 1990 to 1994: − 2.21* (− 2.78, − 1.64)

1995 to 2004: − 2.46* (− 2.57, − 2.34) 1995 to 1999: − 3.35* (− 4.14, − 2.55)

2005 to 2013:1.65* (1.51, 1.79) 2000 to 2003: − 4.51* (− 5.75, − 3.26)

2014 to 2016:12.13* (10.73, 13.55) 2004 to 2006: − 8.76* (− 11.10, − 6.36)

2017 to 2019: − 11.20* (− 12.31, − 10.08) 2007 to 2011: − 4.96* (− 5.74, − 4.17)

2012 to 2019: − 5.73* (− 6.06, − 5.40)

Under 5 0.31 (− 0.76, 1.39) − 11.94* (− 12.28, − 11.60)

5–9 0.13 (− 0.26, 0.51) − 8.11* (− 9.05, − 7.17)

10–14 0.10 (− 0.11, 0.30) − 7.48* (− 8.33, − 6.62)

15–19 0.12 (− 0.12, 0.36) − 6.41* (− 6.87, − 5.95)

20–24 0.06 (− 0.10, 0.22) − 5.87* (− 6.65, − 5.09)

25–29  − 0.02 (− 0.21, 0.18) − 5.73* (− 6.71, − 4.73)

30–34  − 0.12 (− 0.44, 0.19) − 5.66* (− 6.63, − 4.68)

35–39  − 0.34* (− 0.48, − 0.21) − 5.09* (− 5.50, − 4.68)

40–44  − 0.50* (− 0.66, − 0.35) − 4.66* (− 4.89, − 4.42)

45–49  − 0.61* (− 0.93, − 0.29) − 4.89* (− 5.66, − 4.11)

50–54  − 1.03* (− 1.39, − 0.67) − 4.83* (− 5.22, − 4.45)

55–59  − 1.41* (− 1.59, − 1.23) − 4.70* (− 5.02, − 4.38)

60–64  − 1.88* (− 1.91, − 1.85) − 4.85* (− 5.20, − 4.50)

65–69  − 2.21* (− 2.34, − 2.07) − 4.92* (− 5.31, − 4.54)

70–74  − 1.99* (− 2.09, − 1.90) − 5.19* (− 5.36, − 5.02)

75–79  − 1.35* (− 1.44, − 1.27) − 4.76* (− 5.04, − 4.48)

80 plus  − 0.48* (− 0.55, − 0.41) − 4.27* (− 4.62, − 3.92)
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50% every decade [2, 40]. Currently, there is a lack of 
systematic reports on asthma in western provinces in 
China. To address this gap, we described the long-term 
trends in incidence and mortality rates for asthma in 
Sichuan Province from 1990 to 2019. Overall, in the lat-
est period of 2015–2019, the highest asthma incidence 
was 2004.49/100,000 for individuals aged < 5  years, and 
the highest mortality rate was 22.04/100,000 for those 
aged > 80 years (Table 1, Fig. 1). The joinpoint regression 
analysis showed that the asthma ASIR has remained sta-
ble from 1990 to 2019. However, the incidence rate has 
increased in the age groups < 25  years, particularly in 
the < 5 years age group, and the mortality rate in all age 
groups has decreased over the last 30  years (Table  2). 
The APC analysis showed a significant association of 
age, period, and cohort effects with asthma incidence 
and mortality in Sichuan Province, during 1990–2019 
(Table 3).

The total number of incident asthma cases and ASIR 
showed abrupt fluctuation from 2015 to 2019, perhaps 
because the national two-child policy was fully imple-
mented by the end of 2015 [41]. The birth rate in Sichuan 
has first risen and then fallen since then, with the highest 

rate in 2017, which may explain the high number of inci-
dent asthma cases identified here [42]. Children are more 
susceptible, which affects the incidence rate. The effects 
of age, period, and cohort on asthma mortality in Sichuan 
were not the same as those reported in Huang’s analy-
sis of the long-term trends in asthma mortality in China 
from 2000 to 2019 [14]. Studies in Sichuan and China as a 
whole have shown that the age effect on asthma mortality 
increases with age, and the risk of mortality in later birth 
cohorts has generally decreased; however, the national 
period effect showed a V-shaped trend, which gradually 
decreased by period in Sichuan.

The results showed that age had a significant 
and positive effect on asthma incidence in the age 
groups < 20  years (particularly the group < 5  years) 
and > 65  years, whereas asthma mortality remarkably 
increased with advancing age, mainly in elderly individu-
als (Fig. 5a). Asthma is a complex disease that often starts 
in childhood [43], and is sometimes the main cause of 
childhood disease burden in low- and low-middle social-
demographic index countries [44, 45]. At present, the 
global incidence rate of asthma in younger individuals is 
decreasing, whereas it is increasing in Sichuan (Figs.  2, 
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3) [2]. If childhood asthma is not effectively controlled, it 
can lead to sustained, large economic and health burdens 
for families and society and a range of negative effects 
that may continue into adulthood, such as problems with 

children’s growth, development, and learning, and an 
increased risk of chronic obstructive pulmonary disease 
[12, 46–48]. There are many influencing factors of child-
hood asthma that may increase its incidence, including 
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virus infection, air pollution, genetic susceptibility, obe-
sity, population aggregation, and abnormal immune 
maturation in early life.[43]Changes in lifestyle and envi-
ronmental exposures, rather than population genetics, 

may be the main causes of the rise in asthma in children. 
It has been reported that asthma incidence rates have 
increased rapidly in cities in low- and middle-income 
countries, which suggests that urbanization may increase 

0

500

1000

1500

2000

In
ci

de
nc

e 
ra

te
 (p

er
 1

00
,0

00
)

0

20

40

60

M
or

ta
lit

y 
ra

te
 (p

er
 1

00
,0

00
)

a. Cohort−based variation of age−specific incidence

b. Cohort−based variation of age−specific Mortality

�

�

�

�

�

�

� �
�

� � �

�
�

�
�

� �

� � �
�

�
�

� � � � � �

� � � � � �

�
�

�
�

�
�

�

�

�

�

�

�

19
10

−1
91

4
19

15
−1

91
9

19
20

−1
92

4
19

25
−1

92
9

19
30

−1
93

4
19

35
−1

93
9

19
40

−1
94

4
19

45
−1

94
9

19
50

−1
95

4
19

55
−1

95
5

19
60

−1
96

4
19

65
−1

96
9

19
70

−1
97

4
19

75
−1

97
9

19
80

−1
98

4
19

85
−1

98
9

19
90

−1
99

4
19

95
−1

99
9

20
00

−2
00

4
20

05
−2

00
9

20
10

−2
01

4
20

15
−2

01
9

Cohort

19
10

−1
91

4
19

15
−1

91
9

19
20

−1
92

4
19

25
−1

92
9

19
30

−1
93

4
19

35
−1

93
9

19
40

−1
94

4
19

45
−1

94
9

19
50

−1
95

4
19

55
−1

95
5

19
60

−1
96

4
19

65
−1

96
9

19
70

−1
97

4
19

75
−1

97
9

19
80

−1
98

4
19

85
−1

98
9

19
90

−1
99

4
19

95
−1

99
9

20
00

−2
00

4
20

05
−2

00
9

20
10

−2
01

4
20

15
−2

01
9

Cohort

�

�

�

�

Under 5

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 to 49

50 to 54

55 to 59

60 to 64

65 to 69

70 to 74

75 to 79

80 plus

�

�

�

�

Under 5

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 to 49

50 to 54

55 to 59

60 to 64

65 to 69

70 to 74

75 to 79

80 plus

Fig. 4 Cohort-based variation in age-specific incidence (a) and mortality (b) of asthma in Sichuan Province



Page 10 of 14Luo et al. BMC Pulmonary Medicine          (2022) 22:298 

asthma risk factors or inhibit protective factors, or both 
[49]. Childhood obesity is another important asthma 
risk factor; the childhood obesity rate in China has been 
increasing in recent years. From 1991 to 2015, the preva-
lence of obesity among Chinese children and adolescents 
showed an upward trend that was higher in urban areas 
than in rural areas, in boys than in girls, and in infancy 
than in other growth stages [50]. Therefore, public health 
measures to reduce childhood asthma are needed, such 
as integrating childhood asthma diagnosis into primary 
healthcare for children and adolescents, providing preg-
nant women with vitamin D or fish oil supplements (or 
both), controlling childhood obesity, and providing 
protection for children by regulating immune function 
[43, 51–53]. Elderly people in Sichuan have the highest 
asthma mortality and a high chronic respiratory disease 
mortality [54]. Generally, there is a greater cumulative 
effect of risk factors and a greater probability of the coex-
istence of multiple diseases, which may increase asthma 
mortality in elderly people [55]. Important risk factors 
that increase the incidence or mortality of adult asthma 
include smoking, occupational exposure, air pollution, 
cold weather, and comorbid disease [52]. It is likely that 
public policies such as smoking bans in public places and 
strengthening occupational protection measures will play 
an important role in reducing the incidence and mortal-
ity of asthma in China’s rapidly aging population.

The period effect is usually affected by a series of 
complex historical events and environmental fac-
tors, such as wars, infectious disease epidemics, public 
health interventions, and socioeconomic development 
[17]. This study showed a decreasing trend for the 
effect of period on overall asthma incidence and mor-
tality in Sichuan Province from 1990 to 2019 (Fig. 5b). 
Following global progress in asthma pathogenesis and 
treatment, asthma has become a controllable chronic 
disease [56–61]. This decreasing trend may reflect bet-
ter access to health services and improved treatments 
[62]. The GBD study 2019 Universal Health Coverage 
Collaborators reported the effective medical service 
coverage level worldwide. Healthcare coverage ensures 
that all people can access the health services they need 
without financial difficulties. China has significantly 
improved its medical service level, and has an effective 
universal health coverage index rating of 70 points and 
an asthma treatment service index rating of 86 points, 
which indicates medium and high service quality levels, 
respectively [63].

The cohort effect represents variations between groups 
of individuals born in the same year, which could arise 
if each cohort has accumulated a different burden of 
physical and social exposures from gestation to old age 
[17]. Figure  5 showed that the RR of the cohort effect 

Table 3 Age, period, and cohort effects on asthma incidence 
and mortality, 1990–2019

Factor Incidence Mortality

Coefficient SE Coefficient SE

Age (years)

Under 5 1.57* 0.03 − 0.24* 0.02

5–9 0.99* 0.02 − 0.44* 0.06

10–14 0.47* 0.02 − 1.38* 0.05

15–19 0.10* 0.02 − 1.62* 0.05

20–24 − 0.33* 0.02 − 1.76* 0.05

25–29 − 0.63* 0.02 − 1.52* 0.05

30–34 − 0.75* 0.02 − 1.18* 0.05

35–39 − 0.61* 0.02 − 1.03* 0.05

40–44 − 0.58* 0.02 − 0.75* 0.05

45–49 − 0.66* 0.02 − 0.37* 0.05

50–54 − 0.56* 0.02 − 0.20* 0.05

55–59 − 0.34* 0.02 0.10 0.05

60–64 0.01 0.02 0.43* 0.05

65–69 0.36* 0.02 0.84* 0.05

70–74 0.39* 0.02 1.33* 0.05

75–79 0.18* 0.02 1.92* 0.05

80 plus 0.41* 0.03 2.45* 0.05

Period

1990–1994 0.22* 0.01 0.44* 0.03

1995–1999 0.16* 0.01 0.38* 0.03

2000–2004 0.03* 0.01 0.16* 0.03

2005–2009 − 0.09* 0.01 − 0.18* 0.03

2010–2014 − 0.17* 0.01 − 0.35* 0.03

2015–2019 − 0.15* 0.01 − 0.45* 0.03

Cohort

1910–1914 − 0.29* 0.05 0.82* 0.12

1915–1919 − 0.18* 0.04 0.80* 0.09

1920–1924 − 0.07* 0.03 0.86* 0.07

1925–1929 0.01 0.03 0.87* 0.06

1930–1934 0.005 0.03 0.80* 0.06

1935–1939 − 0.04 0.02 0.68* 0.05

1940–1944 − 0.09* 0.02 0.56* 0.05

1945–1949 − 0.12* 0.02 0.51* 0.06

1950–1954 − 0.16* 0.03 0.48* 0.06

1955–1955 − 0.17* 0.03 0.40* 0.06

1960–1964 − 0.16* 0.03 0.33* 0.06

1965–1969 − 0.13* 0.03 0.28* 0.06

1970–1974 − 0.12* 0.03 0.20* 0.06

1975–1979 − 0.1* 0.03 0.07 0.06

1980–1984 − 0.06* 0.02 − 0.10 0.05

1985–1989 0.02 0.02 − 0.27* 0.05

1990–1994 0.05* 0.02 − 0.33* 0.05

1995–1999 0.04 0.02 − 0.64* 0.05

2000–2004 0.04 0.03 − 0.91* 0.06

2005–2009 0.16* 0.03 − 1.33* 0.07

2010–2014 0.53* 0.04 − 1.70* 0.08

2015–2019 0.83* 0.06 − 2.38* 0.13

SE standard error

*P < 0.05
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in asthma mortality has decreased, whereas the RR of 
asthma incidence in later birth cohorts has increased. 
Combined with the increase in asthma incidence rate 
in the younger age groups from 2000 (Fig.  3) and the 
greater asthma incidence in the younger age groups in 
later birth cohorts (Fig.  4), these findings suggest that 
later birth cohorts may experience or accumulate more 
asthma risk factors in their lifetime. This may indicate 
that the rapid economic development and accelerated 
urbanization in Sichuan Province over the last 20  years 
is related to the increased incidence rate of childhood 
asthma. Some studies have suggested that increasing 
economic development and rapid urbanization increase 
asthma risk factors (such as allergens and irritants), thus 
increasing asthma prevalence [64]. The rapid and sudden 
increase in asthma incidence and prevalence in Western 
developed countries may be related to rapid economic 
development [65, 66]. In addition, the high smoking rate 
in China may partly explain the cohort effect of asthma. 
Smoking rates are high among Chinese teenagers and 
adults, and active and passive smoking has increased the 
incidence of asthma in adults and non-smokers [67–69]. 
Wang and his colleagues collected data from a series of 
cross-sectional surveys conducted in China of national 
health services from 2003 to 2013. The results showed 
that smoking rates of male and female adolescents have 
substantially increased, and the smoking rate of young 
women has steadily increased. China remains the larg-
est tobacco consumer in the world, with a large burden of 
chronic diseases related to smoking [70].

To summarize, the present findings indicate that 
asthma incidence and mortality in children and elderly 
people in Sichuan Province over the last 30  years war-
rants more attention. In 2020, the Chinese government 
proposed to strength the Great Western Development 
Strategy [71]. Given population aging and the implemen-
tation of the multi-child policy, positive and effective 
measures are needed in Sichuan Province to reduce the 
incidence and mortality of asthma.

To our knowledge, this is the first study to provide 
information on changes in asthma incidence and mortal-
ity in western province of China over the last 30  years. 
The findings of this APC effect analysis of asthma mor-
bidity and mortality provide epidemiological data 
that may increase understanding of the causes of the 
increased asthma burden. However, our study had sev-
eral limitations. First, we studied long-term changes 
by age in asthma in Sichuan. However, owing to insuf-
ficient data, we were unable to estimate the incidence 
and mortality trends in urban and rural areas in Sichuan. 
Second, although the GBD study used many methods to 
reduce data bias, including error classification correc-
tion, addressing incompleteness, and redistribution of 

“garbage” code, it may be difficult to completely avoid 
data inaccuracy. Therefore, our results should be treated 
with caution. Third, as there was no specific analysis of 
the relationship between asthma risk factors and morbid-
ity and mortality, the reasons for the continuous upward 
trend in the cohort effect on childhood asthma remain to 
be clarified.

Conclusion
In this study, we identified significant age, period, and 
cohort effects of asthma incidence and mortality in 
Sichuan Province from 1990 to 2019. There was a sig-
nificant effect of older age on the asthma mortality rate 
over the last 30 years, and the incidence rate in children 
aged < 5 years increased. The relative risk of asthma inci-
dence in later birth cohorts increased. With economic 
improvements and the rapid urbanization in western 
China, effective preventive measures and public health 
policies should be implemented to protect children and 
elderly people from potentially harmful chronic diseases.
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