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Objective: Research on the inequality of chronic respiratory disease (CRD) is 
limited, and the association between CRD and all-cause mortality is not well-
established. Investigating the distribution of CRD and its associated mortality risks 
is essential for improving CRD conditions and developing targeted intervention 
measures. This study aimed to explore the relationship between inequalities in 
CRD and all-cause mortality in China.

Methods: This study utilized nationally representative baseline data from the 
China Health and Retirement Longitudinal Study (CHARLS, 2011–2020, wave 
1–wave 5), including a total of 14,743 subjects. The concentration index was 
employed to measure socioeconomic-related inequality in CRD, and the 
concentration index decomposition method was used to describe its influencing 
factors. Cox proportional hazards regression model was employed to examine 
the association between CRD and all-cause mortality.

Results: The prevalence of CRD was 11.79% (95% CI: 10.98, 12.66) in China. 
The concentration index for CRD was −0.050 (95% CI: −0.075, −0.026), 
indicating a certain degree of inequality in its prevalence. Chronic lung disease 
(concentration index = −0.046, 95% CI: −0.073, −0.019), asthma (concentration 
index = −0.102, 95% CI: −0.148, −0.056), and asthma-chronic obstructive 
pulmonary disease overlap syndrome (concentration index = −0.114, 95% CI: 
−0.173, −0.055) also exhibited a pro-poor distribution. The decomposition 
analysis of the concentration index for CRD revealed that age, education level, 
and economic status played substantial roles in contributing to the observed 
inequality. Additionally, Cox regression analysis showed that participants with 
CRD had an increased risk of all-cause mortality (HR = 1.49, 95% CI: 1.34, 1.65).

Conclusion: Inequalities exists in CRDs in China, with the prevalence of these 
diseases primarily concentrated among economically disadvantaged groups. 
Additionally, CRD increases the risk of all-cause mortality. Addressing the root 
causes of economic inequalities and enhancing the educational attainment of 
individuals with low socioeconomic status can help improve the situation.
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Introduction

Chronic respiratory disease (CRD), primarily chronic lung 
diseases, are a significant category of non-communicable diseases that 
pose a serious threat to health (1). Globally, the prevalence of CRD 
stands at 7.1%, affecting an estimated 545 million people. Ranked as 
the third leading cause of death worldwide, following cardiovascular 
disease and cancer, this group of diseases is responsible for 
approximately 4 million deaths (2, 3). In China, CRD are also 
widespread, securing the fourth position among causes of death in 
2019 and accounting for 10.6% of total deaths in the country (4). 
Beyond the threat to life, CRD can result in diminished physical 
function, leading to disability and increased medical costs, imposing 
a substantial burden on families and society (5, 6).

Asthma and chronic obstructive pulmonary disease (COPD) are 
prevalent CRD (7). Asthma is characterized by chronic airway 
inflammation, leading to recurrent wheezing, shortness of breath, 
coughing, and chest tightness (8). Chronic obstructive pulmonary 
disease, encompassing chronic bronchitis and emphysema, is 
characterized by persistent airflow restriction and corresponding 
respiratory symptoms (9). Global prevalence data indicate that asthma 
affects approximately 334 million people (10), while COPD affects 
over 200 million people, with about 65 million experiencing moderate 
or severe disease, making it the third leading cause of death worldwide. 
Notably, more than three-quarters of individuals with COPD reside 
in low- and middle-income countries (11, 12). Asthma and COPD 
also impose a significant health burden in China. Data from the China 
Lung Health Study reveal that the prevalence of asthma in individuals 
aged 20 and above in China is 4.2%, with approximately 45.7 million 
patients (13). As for COPD, the prevalence is 13.7% in individuals 
over 40 years of age, affecting nearly 100 million people nationwide 
(14). Studies have demonstrated the existence of asthma-chronic 
obstructive pulmonary disease overlap syndrome (ACOS), although 
there is no consistent agreement on the diagnostic criteria for this 
condition (15). Moreover, the clinical characteristics of this syndrome 
are complex, resulting in worse health status, increased treatment 
difficulty, and a significantly elevated risk of poor patient prognosis 
(16). Therefore, in-depth research and more effective management 
strategies for CRD are essential to reduce their burden.

Socioeconomic status serves as a comprehensive indicator of an 
individual’s economic and social standing, used to gauge their social 
status. Generally, a higher socioeconomic status tends to 
be positively correlated with better health. Numerous studies have 
identified an association between socioeconomic status and the 
prevalence of chronic diseases (17). One study highlighted 
socioeconomic inequalities among patients with various fatal 
chronic diseases (18). Moreover, studies conducted on the Slovenian 
population with chronic diseases have revealed a significantly higher 
incidence of chronic conditions among individuals with lower 
socioeconomic and employment status (19). In measuring health 
inequities resulting from socioeconomic factors, the concentration 
index is widely employed to assess health equity, and its reliability 
has been well validated in previous studies (20). Additionally, 

previous studies have shown that CRD may affect all-cause mortality, 
and a meta-analysis of cohort studies indicated that patients with 
asthma had an increased risk of all-cause mortality (21). A large 
national cohort study also found that patients with COPD had a 
significantly higher risk of all-cause death compared to those 
without COPD (22).

Numerous studies have highlighted a robust association between 
socioeconomic status and CRD. However, different studies have 
presented conflicting results (18, 23). Additionally, despite previous 
research analyzing the relationship between CRD and all-cause 
mortality, the literature on the relationship between CRD inequality 
and all-cause mortality in low- and middle-income countries, 
especially in China, remains limited. Furthermore, even within large 
cohorts, results are not entirely consistent, indicating the need for 
further research. To fill this gap, we used data from the China Health 
and Retirement Longitudinal Study (CHARLS) to analyze the 
relationship between CRD and all-cause mortality among Chinese 
adults and explore the inequitable status of CRD.

Materials and methods

Data sources and study population

The study utilized 2011–2012 baseline data (wave 1) and follow-up 
data (wave2-wave5) from the CHARLS. Initiated by the National 
School of Development at Peking University, CHARLS conducted a 
national baseline survey in 2011, followed by four subsequent visits in 
2013, 2015, 2018, and 2020. This study adopted a multi-stage stratified 
probability proportional scale sampling method to sample residents 
over 45 years old in 150 counties and 450 communities/villages across 
28 provinces (autonomous regions and municipalities directly under 
the Central Government) in China. The survey encompassed two 
main components: a household questionnaire and a physical 
examination survey designed to collect detailed information from the 
respondents. The purpose of data collection was to provide 
fundamental insights into China’s aging population, supporting the 
formulation of more effective policy programs aimed at improving the 
living conditions of the older adult population. A scientific sampling 
method was employed to ensure that the large sample of older adult 
people was nationally representative. The information on chronic lung 
diseases and asthma was obtained through a questionnaire survey, and 
any missing samples were deleted to ensure the data’s integrity and 
accuracy. The CHARLS project received ethics approval from the 
Peking University Ethical Review Committee (IRB00001052-11015), 
and subjects provided written informed consent before the 
investigation commenced, ensuring the ethical compliance of the 
study. Moreover, the present analysis received approval from Xi’an 
Medical University Medical Ethics Review Committee 
(XYLS2023077).

In this study, individuals with missing CRD information 
(n = 278), missing economic status information (n = 293), those 
under 45 years of age (n = 489), and those lost to follow-up (n = 1,905) 
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were excluded. Finally, 14,743 participants were included in 
the analysis.

Study variables

Chronic respiratory diseases were the main variable in this study, 
encompassing chronic lung disease and asthma, as obtained from 
CHALRS questionnaires. The assessment of chronic lung disease 
involved the question, ‘Have you been diagnosed with chronic lung 
diseases, such as chronic bronchitis, emphysema (excluding tumors, 
or cancer) by a doctor?’ Asthma was determined through the question, 
‘Have you been diagnosed with asthma by a doctor?’ ACOS (asthma-
chronic obstructive pulmonary disease overlap syndrome) was not 
specifically investigated in this study. Since COPD is a significant 
component of chronic lung disease (24), and there is no uniform 
definition for ACOS, the comorbidities of chronic lung disease and 
asthma investigated in this study were considered as ACOS.

The primary outcome of the study was all-cause mortality. 
Mortality information was collected from the wave 2 to wave 5, with 
only wave 2 providing an exact date of death. If participants survived 
during the follow-up period, their survival time was the interval 
between the two surveys. If they died, the survival time was the 
interval from the date of wave 1 to the date of death of the participant, 
or from the date of wave 1 to the median time of the wave with 
recorded death.

Covariance

The covariates included in this study encompassed basic 
information such as age (45–59, 60–74, ≥75), gender (male, female), 
educational level (illiterate, primary school, secondary/high school, 
university or above), and marriage status (never married, married, 
others). Lifestyle factors, including smoking (no, yes), drinking (never, 
occasionally, regularly), BMI (0–23.9, 24–27.9, ≥28), basic health 
insurance (no, yes), and preventative health service utilization (no, 
yes), were also considered. BMI was calculated using the weight/
height squared formula, and alcohol consumption was categorized as 
never, occasionally (defined as less than one drink per month), and 
regularly (defined as more than one drink per month).

Statistical analysis

First, the concentration index was utilized to assess the inequality 
of CRD, chronic lung disease, asthma, and the ACOS. The economic 
status indicator employed was the IM_PCE from the “Constructed 
Expenditure, Income, and Wealth Database” released by CHARLS in 
2017. Economic status was categorized into five groups based on 
quartiles. To further validate the results, we conducted a stratified 
analysis of the inequality of the CRD based on age and sex. Data 
were extrapolated by applying the CHARLS sampling weight (ind_
weight_ad2) to estimate the prevalence of CRD among Chinese 
adults aged 45 years and older. Secondly, we described the basic 
characteristics of the study population. Continuous data conforming 
to normal distribution were presented as means and standard 
deviations, while frequencies and percentages were used for 

categorical data. Thirdly, Concentration index decomposition was 
employed to describe the contribution of each influencing factor to 
the inequity. Finally, a Cox proportional hazards regression model 
was employed to examine the association between CRD and 
all-cause mortality. Additionally, a stratified analysis was performed 
according to sociodemographic characteristics. Stata 16.0 was used 
for data collation and analysis, with p < 0.05 considered 
statistically significant.

Results

Concentration index

The prevalence of CRD, chronic lung disease, asthma, and ACOS 
were 11.79% (95% CI: 10.98, 12.66), 10.42% (95% CI: 9.65, 11.24), 
3.72% (95% CI: 3.29, 4.20), and 2.34% (95% CI: 2.03, 2.71), 
respectively. The concentration indexes for CRD, chronic lung disease, 
asthma, and ACOS were −0.050 (95% CI: −0.075, −0.026), −0.046 
(95% CI: −0.073, −0.019), −0.102 (95% CI: −0.148, −0.056), and 
−0.114 (95% CI: −0.173, −0.055) (Figure 1; Supplementary Table S1). 
The results indicated a certain degree of inequality in the prevalence 
of CRD, chronic lung disease, asthma, and ACOS, with the prevalence 
of these diseases mainly concentrated in the population with poor 
economic status.

Stratified analysis

To further demonstrate the inequity in the prevalence of CRD in 
different populations, we conducted a subgroup analysis. We found 
that several diseases were more prevalent among individuals with 
lower socioeconomic status in both men and participants aged <60, 
consistent with the results of the main study. However, ACOS did not 
show significant inequities in women. No inequities were observed in 
several diseases among participants older than 60 years (Table 1).

Sociodemographic characteristics of the 
subjects

A total of 14,743 subjects were enrolled in this study, with an 
average age of 59.72 ± 9.83, comprising 7,232 males (49.05%). The 
majority of participants had an education level of high school and 
below (98.22%), and 86.96% were married. Additionally, 32.33% were 
smokers, 41.96% were drinkers, and 31.68% were overweight or obese. 
Moreover, 91.06% had basic medical insurance, and 19.85% had 
utilized basic public health services in the previous month (Table 2).

Concentration index decomposition

The decomposition analysis of the concentration index for CRD 
revealed that age, education level, and economic status played 
substantial roles in contributing to the inequality observed in these 
diseases. Older age, lower educational attainment, and poorer 
economic status were identified as factors that elevate the inequality 
associated with CRD. Additionally, the study found that other factors 
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such as marital status, smoking, and higher BMI also contributed to 
an increase in inequality related to CRD (Table 3).

Association of chronic respiratory disease 
with risks of all-cause mortality

Over the approximately 10-years follow-up period, 2,368 deaths 
were reported, resulting in a mortality rate of 15.76% (95% CI: 15.14, 
16.41). Subjects with CRD had a higher all-cause mortality rate than 
those without CRD (Log-rank test, p < 0.05) (Figure 2). After adjusting 
for all covariates, Cox regression analysis revealed that participants 
with CRD had an increased risk of all-cause mortality (HR = 1.49, 
95% CI: 1.34, 1.65) (Supplementary Table S2). The analysis of specific 
types of CRD revealed that chronic lung disease, asthma and ACOS 
were significantly associated with an increased risk of all-cause 
mortality (Supplementary Table S2). Additionally, stratified analyses 
based on sociodemographic characteristics showed that while the 
results for each subgroup varied slightly from the overall findings, 
there was a consistent trend indicating that CRD was associated with 
a higher risk of all-cause mortality across different groups 
(Supplementary Figure S1).

Discussion

We used nationally representative data from the CHARLS baseline 
survey to examine the socioeconomic inequalities associated with 
CRD. Our study identified inequalities in CRD and its specific types 

(chronic lung disease, asthma, ACOS), predominantly favoring 
individuals of lower economic status. Age, education level and 
economic status were identified as significant factors contributing to 
these inequalities. Additionally, our findings indicated that CRD was 
associated with an increased risk of all-cause mortality. These results 
highlight the current inequitable burden of CRD and its potential 
implications for mortality in China.

Previous studies had revealed the inequity present in common 
chronic diseases, such as hypertension and diabetes (25). This study 
aligned with those findings, indicating a similar inequality in 
CRD. Adam et al., utilizing multiple rounds of cross-sectional data 
from the United States, demonstrated the existence and worsening of 
socioeconomic inequality in lung health over time (26). Furthermore, 
socioeconomic status emerged as a potential independent determinant 
of lung health. On a global scale, inequalities in CRD were also 
apparent. Haifeng Li et al., drawing on data from the global disease 
burden, identified a concentration of disability-adjusted life years 
associated with COPD in less developed countries (27). The 
socioeconomic status-driven inequality in CRD may be  linked to 
insufficient healthcare programs and inadequate tobacco consumption 
control (27, 28). These findings underscored the importance of health 
system reform, emphasizing the need to direct more attention to 
vulnerable groups based on economic and social status. Additionally, 
CRD served as predictors of all-cause mortality (29, 30), suggesting 
that the income-based gap in CRD identified in our study may 
contribute to life expectancy inequality in China.

This study highlighted the significant impact of age, education, 
and economic status on chronic respiratory inequality. It was widely 
recognized that older adults often encounter challenges such as 

FIGURE 1

Concentration curves for chronic respiratory disease (A), chronic lung disease (B), asthma (C) and ACOS (D). The dotted line surrounding the curve 
represents the 95% CI. ACOS, asthma-chronic obstructive pulmonary disease overlap syndrome.
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physical decline and a weakened immune system, increasing their 
susceptibility to CRD (31). A potential remedy could involve 
providing increased access to free basic public health services and 
allocating more resources to medicare drugs related to respiratory 
health (32). In terms of age and education, economic status emerged 
as a key modifiable risk factor. Previous research had identified low 
economic status as a risk factor for CRD (27, 28), exposing individuals 
to additional risk factors like poor dietary habits and increased 
occupational dust exposure (33). Conversely, individuals with higher 
economic status were more likely to leverage medical technology for 

health maintenance, receive health advice, actively engage in disease 
screenings (25, 26), and ultimately reduce the risk of CRD.

Respiratory diseases are a major cause of death worldwide and 
rank as the third leading cause of death globally (29). In 2017, CRDs 
were responsible for nearly 4 million deaths, marking an 18 percent 
increase since 1990 (2). Population-based studies have also reported 
that CRD increases the risk of all-cause mortality. Bin Zhang et al. 
summarized the findings of 30 cohort studies, revealing that patients 
with asthma had a higher all-cause mortality rate (RR = 1.38, 95% CI: 
1.07, 1.77) (21). A meta-analysis pooling the results of 12 studies 
found that even mild COPD was associated with increased all-cause 
mortality (34). Additionally, a study using data from the National 
Health and Nutrition Examination Survey found that patients with 
ACO had a higher risk of all-cause death compared to individuals with 
asthma only, COPD only, non-asthma/COPD, or non-ACO (35). 
These findings are consistent with our study. The increased risk of 

TABLE 1 Concentration index for chronic respiratory disease, chronic 
lung disease, asthma and ACOS by gender and age.

Concentration 
index

95% CI p

Male

Chronic 

respiratory 

disease

−0.046
−0.079, 

−0.013
0.006

Chronic lung 

disease
−0.048

−0.083, 

−0.013
0.008

Asthma
−0.122

−0.183, 

−0.061
<0.001

ACOS
−0.168

−0.244, 

−0.093
<0.001

Female

Chronic 

respiratory 

disease

−0.058
−0.096, 

−0.020
0.003

Chronic lung 

disease
−0.045

−0.087, 

−0.004
0.031

Asthma
−0.078

−0.148, 

−0.007
0.031

ACOS −0.033 −0.127, 0.061 0.489

<60, years

Chronic 

respiratory 

disease

−0.073
−0.113, 

−0.033
<0.001

Chronic lung 

disease
−0.076

−0.118, 

−0.033
0.001

Asthma
−0.093

−0.171, 

−0.015
0.020

ACOS
−0.120

−0.222, 

−0.019
0.020

≥60, years

Chronic 

respiratory 

disease

0.005 −0.026, 0.036 0.758

Chronic lung 

disease
0.013 −0.021, 0.047 0.462

Asthma −0.058 −0.115, 0.001 0.046

ACOS −0.062 −0.135, 0.010 0.089

ACOS, asthma-chronic obstructive pulmonary disease overlap syndrome.

TABLE 2 Sociodemographic characteristics of subjects aged 45 years and 
older.

Variables Categories N (%)

Age group, (years) 45–59 8,289 (56.22)

60–74 5,185 (35.17)

≥75 1,269 (8.61)

Gender Male 7,232 (49.05)

Female 7,511 (50.95)

Educational level Illiterate 4,272 (28.98)

Primary school 5,874 (39.84)

Secondary/high school 4,334 (29.40)

University or above 263 (1.78)

Marriage status Never married 140 (0.95)

Married 12,820 (86.96)

Others 1783 (12.09)

Smoking No 9,976 (67.67)

Yes 4,767 (32.33)

Drinking Never 8,553 (58.05)

Occasionally 1,514 (10.28)

Regularly 4,667 (31.68)

BMI (kg/m2) 0–23.9 10,073 (68.32)

24–27.9 3,351 (22.73)

≥28 1,319 (8.95)

Basic health insurance No 1,318 (8.94)

Yes 13,425 (91.06)

Preventative health 

service No 11,816 (80.15)

Yes 2,927 (19.85)

Economic status 0–20% 3,127 (21.21)

20–40% 3,077 (20.87)

40–60% 3,006 (20.39)

60–80% 2,908 (19.72)

80–100% 2,625 (17.81)

BMI, body mass index.
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all-cause mortality in patients with CRD not only from the disease 
itself but also from chronic inflammation, airway limitation, and 
comorbidities due to medication (e.g., osteoporosis, pneumonia, 
depression) (36, 37). Implementing appropriate management 
strategies and interventions is crucial to reducing this risk.

This study analyzed the inequality of CRD and its risk of all-cause 
mortality using nationally representative data, providing a crucial 
foundation for the control of such diseases. However, the article has 
several limitations. Firstly, the study did not categorize the collection 
of chronic lung diseases, making it challenging to determine the 

TABLE 3 Decomposition analysis on the inequality of chronic respiratory diseases.

Variables Categories Elasticity Concentration index Contribution Contribution rate 
(%)

Age group, (years) 60–74 1.633 −0.077 −0.126 37.68

≥75 0.551 −0.142 −0.078

Gender Female −1.567 −0.004 0.007 −1.28

Educational level Illiterate 1.604 −0.188 −0.302 45.25

Primary school 2.025 −0.041 −0.082

Secondary/high school 0.695 0.200 0.139

Marriage status Never married 0.012 −0.174 −0.002 1.71

Others 0.156 −0.046 −0.007

Smoking Yes 0.226 −0.014 −0.003 0.58

Drinking No −0.398 −0.007 0.003 −0.50

Sometimes −0.041 0.005 0.000

BMI (kg/m2) 24–27.9 −0.279 0.059 −0.016 3.00

≥28 0.003 0.063 0

Basic health insurance Yes −1.386 −0.008 0.011 −2.11

Preventative health 

service
Yes 1.09 0.014 0.015 −2.79

Economic status 0–20% 0.01 −0.788 −0.008 18.47

20–40% 0.213 −0.367 −0.078

40–60% 0.06 0.046 0.003

60–80% −0.037 0.447 −0.016

BMI, body mass index.

FIGURE 2

Kaplan–Meier curve showing the cumulative risk of all-cause mortality by chronic respiratory disease status.
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percentage of COPD. Consequently, chronic lung diseases were used 
to represent COPD, introducing a certain degree of bias. Nevertheless, 
considering that COPD is the primary chronic lung disease, this bias 
is likely minimal. Secondly, the prevalence of CRD relies on self-
reporting, which may introduce bias, given the low awareness rates of 
diseases such as asthma and COPD in China (38, 39). Additionally, 
due to age limitations in the survey, we were unable to estimate the 
inequality of CRD in individuals over 75 years of age. Finally, this 
study employs data from 2011, potentially introducing bias compared 
to the current reality of CRD inequality.

Conclusion

There is inequality in CRD in China, primarily affecting 
economically disadvantaged groups, and CRD increased the risk of 
all-cause death. Age, education level, and economic factors 
significantly contribute to this inequality. Policymakers and 
researchers should prioritize the needs of individuals with low 
socioeconomic status when developing strategies to prevent 
CRD. Addressing the root causes of income inequality and improving 
educational attainment among these individuals can help mitigate 
the issue.
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