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Purpose: To analyze epidemiological trends of COPD, chronic bronchitis, and emphysema in Chongqing, China (2020-2024), and
assess spirometry-confirmed diagnosis rates.

Patients and Methods: Data were obtained from the Chongqing Chronic Disease Surveillance System (CCDSS), including 975,421
incident cases and 1,244,978 prevalent cases among residents aged >15 years, and 239,086 deaths from all age groups.
Age-standardized rates were calculated using the 2000 Chinese census population. Type 1 (spirometry-confirmed) COPD diagnosis
rate was analyzed by urban—rural residence.

Results: Age-standardized prevalence per 100,000 increased for COPD (732.06 to 1,424.54), emphysema (182.51 to 536.71), and
chronic bronchitis (309.48 to 1,021.75). COPD and emphysema were male-predominant; chronic bronchitis became female-
predominant after 2023. Rural burden was consistently higher. Type 1 diagnosis rate rose sharply from 6.96% (2022) to 26.04%
(2024), with urban-rural gap narrowing to 0.77 percentage points.

Conclusion: The rising prevalence mainly reflects improved case ascertainment. Female-predominant chronic bronchitis highlights
the need for sex-specific public health strategies. The rapid increase in spirometry-confirmed diagnosis and near-elimination of urban—
rural disparity demonstrate a successful model for diagnostic standardization in primary care.

Keywords: chronic obstructive pulmonary disease, epidemiology, surveillance, gender differences, urban-rural disparity, spirometry,

Chongqing

Introduction

Chronic Obstructive Pulmonary Disease (COPD) represents a monumental challenge to global public health, currently
ranking as the third leading cause of death worldwide and contributing significantly to the global burden of disability-
adjusted life years (DALYs).! This burden is disproportionately concentrated in low- and middle-income countries
(LMICs), with China shouldering approximately one-third of the global economic and health toll associated with
COPD.>™ The persistently high prevalence and mortality are driven by complex and interacting factors, including
rapid population aging, high rates of active and passive smoking, and sustained exposure to environmental particulate
matter (PM) and household air pollution (HAP)." These persistent and widespread risk factors necessitate highly
resilient and data-driven public health strategies globally.®
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Effective control of Chronic Respiratory Diseases (CRDs) requires an integrated understanding of the entire disease
spectrum.” According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2024 strategy, COPD is
defined by persistent airflow limitation, typically confirmed by post-bronchodilator spirometry (FEV,/FVC <0.7).® In this
study, we report COPD, emphysema, and chronic bronchitis as hierarchical categories based on diagnostic severity
(COPD > emphysema > chronic bronchitis). This approach provides mutually exclusive estimates for public health
surveillance while recognizing their pathological continuum.” Despite this recognition, a major scientific gap persists
globally: while traditional cross-sectional population surveys provide valuable snapshots of symptom-based prevalence,
they are inherently limited by high cost, low spatial-temporal resolution, and considerable time lag.'® Consequently, there
remains a critical dearth of high-fidelity, real-time epidemiological data, particularly concerning true disease incidence,
mortality dynamics, and the efficacy of standardized diagnostic practices (like spirometry confirmation) in real-world
settings.®'°

The need for high-resolution, continuous data is particularly acute in Chongqing, a region heavily burdened by
chronic respiratory diseases.'! As a core city in this region, Chongging is situated in the upper reaches of the Yangtze
River, with a total area of 82,400 square kilometers. Its topography is predominantly mountainous, characterized by
widespread karst landscapes, significant relief variations, and diverse landform types. According to the sixth national
population census of China, Chongqing has a permanent population of 28.84 million. It is a composite municipality that
integrates substantial industrial and agricultural sectors, as well as extensive urban and rural areas. With jurisdiction over
38 districts and counties (26 districts, 8 counties, and 4 autonomous counties), Chongqing is representative of both
southwestern China and its characteristic mountainous environments.'> Although the data in this study are derived
exclusively from Chongqing, the city is representative of the broader Southwest China region in terms of its socio-
economic and geographic characteristics. Large-scale epidemiological studies in China have reported that the prevalence
of COPD among adults aged 40 and above in Chonggqing is 18.7%.' This figure not only exceeds the national average of
13.7%"* but is also higher than rates reported for Beijing (17.1%),"> Shanghai (11.5%),'® Tianjin (9.4%),'” and Guizhou
(10.7%)'® during a comparable period. Given this significant disease burden, the demand for granular, temporally
continuous data is especially pronounced. However, traditional sampling-based methods are fundamentally limited in
their capacity to capture the fine-scale spatiotemporal heterogeneity and dynamic evolution of the disease burden.
Consequently, they are inadequate for reliably estimating true incidence rates or effectively monitoring the quality of
clinical care.'®™'” To overcome this methodological deficiency and provide continuous, high-fidelity data, Chongqing
established the Chronic Disease Surveillance System (CCDSS). This system, which has been in place since 2017,
represents a unique, mandatory, city-wide platform for the comprehensive reporting of morbidity and case data for
COPD, chronic bronchitis, and emphysema among all residents aged >15 years, along with mortality data across all age
groups.*’

The CCDSS significantly advances the field by offering a continuous and robust alternative to intermittent surveys. Its
strength lies in a sophisticated, multi-level quality control (QC) system that ensures data integrity. This QC process
includes a dual-track reporting mechanism (physician input via structured electronic medical records and three-tier audits
by the local Centers for Disease Control and Prevention), real-time anomaly detection, and crucial cross-verification of
mortality data with public safety and civil affairs records. By the study endpoint, this system had accumulated
information on over 1.2 million prevalent cases. This infrastructure allows for the reliable estimation of key longitudinal
epidemiological indicators, such as true annual incidence and mortality, which are often poorly captured or lagged in
other national datasets.” Furthermore, it provides the essential denominator for assessing the quality of care, specifically
by tracking the proportion of spirometry-confirmed (Type 1) COPD diagnoses. The ability to conduct such analyses is
critical for designing regionally tailored intervention strategies suitable for Chongqing’s unique demographic and
environmental profile.°

Utilizing the comprehensive data from the CCDSS spanning January 1, 2020, to December 31, 2024, this study
provides a systematic and detailed epidemiological analysis of COPD, chronic bronchitis, and emphysema among
Chongqing residents aged > 15 years. Specifically, we aim to: (1) precisely calculate and analyze the age-standardized
incidence, prevalence, and mortality rates for all three conditions, examining the temporal dynamics over the study
period; (2) investigate key demographic heterogeneities, particularly focusing on age-specific burdens and evidence for
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sex-specific phenotypes, such as the differential patterns observed between emphysema and chronic bronchitis; and (3)
assess the effectiveness and equity of regional public health policies by tracking the trend and urban-rural disparity of the
spirometry-confirmed (Type 1) COPD diagnosis rate. By leveraging this unique, high-fidelity monitoring platform, this
research fills a critical gap in real-time, comprehensive CRD epidemiological data for Chongqing, providing robust
evidence to inform region-specific prevention guidelines and contributing a model for standardized chronic disease
surveillance in complex, high-burden environments globally.

Data and Methods

Data Source

Data Access Statement

The data used in this study were obtained from the CCDSS, a mandatory, city-wide surveillance platform established and
maintained by the Chongqing Center for Disease Control and Prevention (Chongqing CDC). As this is a governmental
public health surveillance system, data access was granted through official administrative approval within the Chongqing
CDC. The research team, composed of staff members from the Institute of Chronic and Non-communicable Disease
Control and Prevention at Chongqing CDC, accessed the data as part of their routine public health surveillance duties and
research authorization. The study protocol, including data access procedures, was approved by the Ethical Review
Committee of Chongqing Center for Disease Control and Prevention (Approval Number: KY-2025-004-1). Due to
institutional policies and privacy regulations governing this governmental surveillance data, the underlying individual-
level data are not available for external distribution.

Patient Population

Data on the incidence and prevalence of COPD, chronic bronchitis, and emphysema were obtained from the chronic
respiratory disease surveillance module of the CCDSS. Collected variables included date of death (occurring within the
study period), sex, date of initial diagnosis, date of medical visits (up to December 31, 2024), diagnostic methods, and
residential address. Target diseases were defined according to the International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10) codes: chronic bronchitis (J40-J42), emphysema (J43), and COPD
(J44). Incident cases meeting the inclusion criteria were extracted from the system, comprising 975,421 cases (male:
604,369; female: 371,052). Prevalent cases as of December 31, 2024 (the study endpoint) totaled 1,244,978 (male:
774,206, female: 470,772). Population composition data for each district/county were derived from demographic
statistics published by the respective district/county statistical authorities.

Hierarchical Classification of Chronic Respiratory Diseases

In the CCDSS, patients are assigned to mutually exclusive disease categories based on ICD-10 codes and a hierarchical
severity principle: COPD (J44) > emphysema (J43) > chronic bronchitis (J40—J42). This approach avoids double-
counting and ensures robust population-level surveillance. Importantly, J44 reflects physician-recorded clinical COPD
diagnoses, which may or may not be confirmed by spirometry (the Type 1 diagnosis rate quantifies this gap). J43 and
J40-J42 represent patients diagnosed with emphysema or chronic bronchitis without a concurrent COPD diagnosis; these
individuals may or may not have airflow limitation but are kept separate to avoid artificially inflating COPD prevalence
and to enable unbiased assessment of real-world diagnostic practices. Thus, while we fully recognize the underlying
pathological continuum, our classification is methodologically appropriate for evaluating population diagnostic quality
and disease burden in routine surveillance settings.

COPD Mortality Data

Data on mortality related to COPD, emphysema, and chronic bronchitis were obtained from the mortality surveillance
module of the Chongqing Chronic Disease Surveillance System (CCDSS), which is based on official death certificates
completed across all districts of Chongqing. Extracted variables included age at death, sex, residential area, date of death,
and the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10) code
for the underlying cause of death. Death cases were included if the underlying cause was coded to chronic bronchitis
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(J40-J42), emphysema (J43), or COPD (J44). Cases in which these conditions were listed only as secondary or
contributing causes (not the underlying cause) were excluded from analysis. A total of 239,086 deaths meeting this
criterion were analyzed, including 140,904 males and 98,182 females.

Data Cleaning and Case Verification

Duplicate records were identified and removed using unique individual identification information. Extreme outliers in
demographic characteristics and diagnostic dates were verified against original medical records for correction or
exclusion. Incident cases were defined as patients with a first-time diagnosis of COPD, emphysema, or chronic bronchitis
during 2020-2024, and were cross-checked against historical CCDSS records to confirm no prior diagnosis of these
diseases before the study period. Prevalent cases were defined as individuals who were alive and had a confirmed
diagnosis of any target disease as of December 31 each year from 2020 to 2024, including those diagnosed prior to the
study period. Mortality cases referred to all-age deaths during 2020-2024 with the underlying cause of death coded as
any of the three target diseases.

Quality Control

CCDSS utilizes a rigorous, multi-tier quality control framework to ensure data accuracy and completeness, as detailed in
our prior methodological publication.?’ In brief, data were collected via a dual-track reporting mechanism integrating
structured electronic medical records and automated extraction of core diagnostic variables. A three-level audit, real-time
anomaly detection, and cross-verification of mortality data with public security and civil affairs databases were
implemented. Annual monitoring of data completeness and underreporting was conducted to sustain high-quality
surveillance.

Statistical Analysis

All analyses were conducted using R version 4.5.1, with packages including dplyr for data cleaning, epiR for calculating
standardized rates, and ggplot2 for visualizations. Age-standardized rates (prevalence, incidence, and mortality) were
computed using the direct standardization method, with data from the 2000 Chinese population census as the standard
population to adjust for differences in age structure across years.

The Type 1 (spirometry-confirmed) COPD diagnosis rate was defined as the proportion of clinically diagnosed COPD
cases (ICD-10 J44) confirmed by spirometry according to GOLD 2024 criteria (post-bronchodilator FEV|/FVC < 0.7).
Spirometry status was obtained directly from a dedicated structured field in electronic medical records, not inferred from
ICD-10 coding. The ICD-10 code J44 was used only to define the denominator (all clinical COPD cases), while the
numerator reflected actual spirometry test results.

Residential addresses were classified as urban or rural based on economic development level. Urban areas included 11
districts: Yuzhong, Jiulongpo, Shapingba, Jiangbei, Yubei, Banan, Nan’an, Beibei, Dadukou, High-Tech Zone, and
Liangjiang New Area. All other areas were defined as rural.

Because this study is based on complete population surveillance data covering all eligible residents of Chongqing
rather than a sample survey, the reported rates represent true population parameters without sampling error. Therefore, we
present absolute rate changes and rate differences to describe temporal trends and demographic disparities, and we do not
perform hypothesis tests (eg., p-values). Under complete population coverage, even minor annual fluctuations would
yield statistically significant p-values that lack meaningful public health interpretation, making absolute measures more
informative for surveillance purposes.

Results

Prevalence of COPD, Emphysema, and Chronic Bronchitis

The age-standardized prevalence rates of COPD, emphysema, and chronic bronchitis in Chongqing from 2020 to 2024
are presented in Figure 1. All three diseases exhibited a consistent upward trend over the five-year period. COPD had the
highest overall prevalence, increasing from 732.06 per 100,000 population in 2020 to 1,424.54 in 2024. Emphysema and
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Figure | Trends in Age-Standardized Prevalence of COPD, Emphysema, and Chronic Bronchitis from 2020 to 2024 in Chongging, Stratified by Gender and Urban-Rural
Residence. (A: COPD; B: Emphysema; C: Chronic Bronchitis).

chronic bronchitis also showed significant increases, with prevalence rates rising from 182.51 to 536.71 and from 309.48
to 1,021.75 per 100,000, respectively.

Gender-specific analysis revealed a marked male predominance in COPD and emphysema. For instance, in 2024, the
male prevalence of COPD (1,895.17 per 100,000) was approximately twice that of females (937.26 per 100,000), while
emphysema showed a similar pattern (747.40 vs. 322.11 per 100,000). Chronic bronchitis exhibited a more balanced
gender distribution, with female prevalence surpassing male prevalence in 2023 (789.29 vs. 728.10 per 100,000) and
2024 (1,068.91 vs. 974.62 per 100,000).

Urban-rural disparity analysis indicated that age-standardized prevalence rates for all three diseases were consistently
higher in rural areas than in urban areas. For COPD, the prevalence was 771.44 per 100,000 in rural areas versus
620.73 per 100,000 in urban areas in 2020; by 2024, it had risen to 1,527.64 and 1,186.20 per 100,000, respectively, with
rural areas remaining higher. Similar trends were observed for emphysema and chronic bronchitis, suggesting a greater
disease burden in rural regions.

As detailed in Table 1 (chronic bronchitis), Table 2 (emphysema) and Table 3 (COPD), age-specific prevalence
analysis highlighted a steep increase with advancing age for all diseases. Prevalence remained low in the 15-19 age
group (eg., COPD ranged from 3.29 to 13.53 per 100,000) but rose sharply in older demographics. Individuals aged >60
years showed exponential increases. For example, COPD prevalence reached 4,633.24 per 100,000 in those aged 60—64
in 2024, peaking at 14,714.32 per 100,000 in the >85 age group. Emphysema and chronic bronchitis followed similar
trajectories, with the highest burdens observed in the oldest age groups.

Incidence of COPD, Emphysema, and Chronic Bronchitis
The age-standardized incidence rates are shown in Figure 2, with varying temporal patterns across diseases. COPD
incidence fluctuated, peaking at 350.52 per 100,000 person-years in 2020, dropping to a low of 147.84 in 2021, and
subsequently recovering to 231.04 in 2024. Emphysema showed a similar pattern, with the highest incidence in 2020
(178.14 per 100,000) and the lowest in 2021 (47.89 per 100,000). In contrast, chronic bronchitis incidence demonstrated
a steady increase from 142.22 per 100,000 in 2020 to 265.35 in 2024.

Gender analysis indicated a consistent male predominance in the incidence of all diseases. However, the gender gap
was narrower for chronic bronchitis, with female incidence exceeding male incidence in 2023 and 2024. Urban-rural
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Table | Prevalence Rates of Chronic Bronchitis (Per 100,000
Population), by Age Group and Year, Chonggqing, 2020-2024

Age Group 2020 2021 2022 2023 2024

15-19 22.33 33.09 70.58 173.56 263.78
20-24 48.72 60.96 104.83 200.45 297.72
25-29 7443 118.82 221.26 308.93 453.26
30-34 138.17 165.15 259.21 398.44 610.24
35-39 123.54 195.37 34444 | 48351 671.64
4044 124.54 166.95 233.71 639.96 | 830.23
4549 24041 322.55 447.79 61489 | 864.26
50-54 359.96 | 434.73 599.02 | 818.74 | 1068.97
55-59 449.09 561.41 811.28 | 97052 | 1237.32
60-64 470.80 730.94 | 1121.78 | 1753.78 | 2537.72
65-69 926.09 | 1040.04 | 1306.17 | 1780.13 | 2336.57
70-74 1256.96 | 1397.19 | 1771.48 | 2364.10 | 2946.37
75-79 1859.38 | 1968.85 | 2504.97 | 2785.07 | 3502.04
80-84 1671.93 | 1943.91 | 2398.06 | 3103.20 | 3881.50
285 2677.02 | 2174.76 | 2566.50 | 3097.94 | 3924.13
Total 405.77 | 511.86 703.29 983.98 | 1314.98

Table 2 Prevalence Rates of Emphysema (Per 100,000
Population), by Age Group and Year, Chonggqing, 2020-2024

Age Group | 2020 2021 2022 2023 2024
15-19 6.18 8.19 13.54 22.29 30.00
2024 6.73 7.57 12.21 18.59 24.16
25-29 9.35 13.06 19.48 2343 29.52
30-34 17.53 18.92 24.75 3441 46.20
35-39 21.23 29.61 43.65 54.94 69.56
4044 30.78 38.21 48.65 122.34 147.33
4549 73.55 93.75 130.21 177.25 243.12
50-54 146.67 167.35 236.52 334.43 431.85
55-59 232.95 277.07 | 418.78 531.97 | 681.58
60-64 299.29 | 454.92 727.53 1231.62 | 1762.13
65-69 597.10 655.08 | 880.8I 1342.56 | 1784.95
70-74 924.47 990.13 1337.04 | 2025.61 | 2559.31
75-79 1586.13 | 1603.93 | 2148.61 | 2652.09 | 3416.34
80-84 1593.09 | 1799.39 | 2298.04 | 3366.77 | 4383.26
285 2942.32 | 2356.67 | 2918.46 | 3988.73 | 5258.46
Total 257.23 447.12 | 430.78 641.70 | 857.85

differences in incidence were more complex. For COPD, incidence was higher in urban areas in 2020 but was surpassed
by rural areas from 2021 onwards. Emphysema incidence was significantly higher in rural areas in 2020, with the gap
narrowing subsequently. Chronic bronchitis incidence was generally higher in urban areas for most years.

Age-specific incidence rates, detailed in Table 4 (chronic bronchitis), Table 5 (emphysema) and Table 6 (COPD),
revealed a steep increase with age for all conditions. Individuals aged >60 years showed exponential rises. In 2024,
COPD incidence reached 747.25 per 100,000 in the 60—64 age group and peaked at 6,050.21 per 100,000 in those
aged >85.
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Table 3 Prevalence Rates of COPD (Per 100,000 Population), by Age
Group and Year, Chongging, 20202024

Age Group | 2020 2021 2022 2023 2024
15-19 3.29 4.92 8.71 11.67 13.53
2024 8.43 9.96 15.43 19.63 23.15
25-29 14.55 21.01 31.79 32.47 38.44
30-34 31.73 34.68 47.32 54.50 67.46
35-39 47.20 65.53 89.76 95.58 110.15
4044 81.30 98.89 111.00 230.17 249.89
4549 208.79 253.82 304.99 362.47 467.36
50-54 462.47 502.02 | 602.40 71431 852.37
55-59 805.39 904.64 1151.95 1224.17 1443.97
60-64 1190.14 1741.02 | 2496.55 3589.44 4633.24
65-69 2669.52 2775.51 | 3308.83 4291.24 5265.64
70-74 4247.19 4375.36 | 5235.29 6711.48 7729.65
75-79 7129.22 7042.96 | 8487.80 9073.38 10,739.41
80-84 6995.33 7697.21 | 88528l 11,222.57 | 13,396.74
285 11,140.23 | 8839.49 | 10,154.56 | 12,091.10 | 14,714.32
Total 1054.03 1219.41 | 1515.06 1930.48 2371.06

Mortality Caused by COPD, Emphysema, and Chronic Bronchitis
As presented in Figure 3, among the age-standardized mortality rates for the three diseases, COPD exhibited the highest
mortality. The rate fluctuated from 28.76 per 100,000 in 2020, declined to a nadir of 16.82 in 2023, and rebounded to
22.53 in 2024. Emphysema and chronic bronchitis showed lower but generally increasing mortality: emphysema rose
from 4.28 to 6.19 per 100,000, while chronic bronchitis fluctuated between 8.17 and 11.17 per 100,000.

Gender analysis consistently showed higher mortality among males, although the gap was narrower for chronic

bronchitis. Rural areas consistently demonstrated higher age-standardized mortality rates than urban areas for all three

diseases, although the disparities narrowed over time.

A. COPD
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Figure 2 Trends in Age-Standardized Incidence of COPD, Emphysema, and Chronic Bronchitis from 2020 to 2024 in Chongging, Stratified by Gender and Urban-Rural
Residence. (A: COPD; B: Emphysema; C: Chronic Bronchitis).
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Table 4 Incidence Rates of Chronic Bronchitis (Per 100,000

Person-Years), by Age Group and Year, Chonggqing,

20202024
Age Group | 2020 2021 2022 2023 2024
15-19 14.26 10.96 37.87 102.27 | 96.00
20-24 30.61 1624 | 43.90 | 89.92 92.77
25-29 42.18 3335 98.04 127.96 | 141.79
30-34 79.76 46.08 105.90 | 146.35 | 186.50
35-39 69.25 60.08 I51.17 | 189.98 | 217.71
40-44 55.07 38.12 80.13 229.11 | 238.83
45-49 114.39 77.14 132.47 | 170.90 | 179.99
50-54 171.56 112.54 | 191.47 | 25551 | 267.73
55-59 214.65 159.81 | 294.84 | 320.01 | 321.77
60-64 174.73 131.76 | 245.96 | 419.65 | 665.97
65-69 390.94 | 247.56 | 34731 | 414.94 | 493.79
70-74 533.19 352.42 | 506.47 | 591.80 | 733.32
75-79 812.88 | 499.26 | 714.74 | 671.87 | 776.66
80-84 75835 | 49234 | 757.71 | 727.97 | 853.66
285 1210.46 | 475.79 | 772.78 | 717.10 | 767.64
Total 181.64 125.78 | 216.21 | 278.61 | 324.78

Table 5 Incidence Rates of Emphysema (Per 100,000 Person-
Years), by Age Group and Year, Chongging, 2020-2024

Age Group | 2020 2021 2022 2023 2024
15-19 7.59 2.10 5.43 8.63 8.40
20-24 7.87 1.45 4.68 5.65 5.10
25-29 11.04 241 5.98 7.36 591
30-34 20.60 4.07 7.26 10.30 9.52
35-39 23.74 6.42 14.83 17.74 18.04
4044 30.88 6.50 14.03 36.92 33.10
45-49 78.12 20.24 | 40.01 48.27 43.23
50-54 157.72 39.10 83.97 112.06 100.26
55-59 252.22 77.05 173.97 199.55 170.61
60-64 26536 | 82.20 197.03 366.47 | 428.88
65-69 571.78 160.89 | 301.99 | 424.72 366.39
70-74 823.43 248.64 | 487.93 694.39 624.25
75-79 1494.71 | 386.00 | 764.80 | 849.08 780.32
80-84 1530.06 | 454.76 | 868.14 1134.54 | 1041.18
285 3013.31 | 554.76 | 1158.66 | 1294.25 | 1140.18
Total 241.22 7341 153.21 210.30 196.97

Age-specific mortality rates in Table 7 (chronic bronchitis), Table 8 (emphysema) and Table 9 (COPD) revealed
a steep age gradient. Mortality was negligible in individuals younger than 30 years but escalated exponentially with age.
Those aged >80 years had the highest mortality: COPD mortality reached 1,351.12 per 100,000 in 2020, declining to

711.61 per 100,000 in 2024.

The Type | Diagnosis Rate of COPD
Figure 4 illustrates the Type 1 diagnosis rate of COPD (defined by the GOLD 2024 criteria as post-bronchodilator FEV,
/FVC <0.7) stratified by urban-rural residence. The overall diagnosis rate showed a U-shaped trend, decreasing from
11.66% in 2020 to a nadir of 6.96% in 2022, followed by a sharp rise to 26.04% in 2024.
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Table 6 Incidence Rates of COPD (Per 100,000 Person-Years),

by Age Group and Year, Chonggqing, 2020-2024

Age Group | 2020 2021 2022 2023 2024
15-19 1.45 1.77 3.84 2.71 2.19
2024 4.29 233 551 3.29 3.03
25-29 8.81 4.44 9.91 6.43 5.68
30-34 21.60 771 15.22 8.35 9.29
35-39 22.83 14.41 25.70 18.45 19.29
4044 30.23 15.11 20.25 33.53 34.64
4549 93.19 42.67 57.72 57.56 58.55
50-54 222.54 | 92.13 134.71 141.90 144.72
55-59 410.99 195.91 330.60 | 290.47 | 269.37
60-64 448.66 | 22872 | 412.73 582.86 | 747.25
65-69 123839 | 51344 | 76994 | 79659 | 746.64
70-74 1985.55 | 864.07 1312.55 | 1427.93 | 1350.55
75-79 3515.23 | 1410.17 | 2166.64 | 1830.34 | 1732.22
80-84 3442.55 | 1592.82 | 2462.07 | 2390.14 | 2284.85
285 6050.21 | 1762.14 | 3000.33 | 2540.17 | 2323.31
Total 520.88 | 231.89 375.77 | 38731 385.61

Urban areas consistently had higher diagnosis rates than rural areas, though the gap narrowed substantially over time.
In 2020, the urban diagnosis rate (18.60%) was nearly double that of rural areas (9.75%). By 2024, this difference had
shrunk to 0.77 percentage points (26.55% vs. 25.78%). The most notable increase occurred between 2023 and 2024,
where rates surged in both settings, likely reflecting improved diagnostic access or heightened clinical awareness in the

post-pandemic period.
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Figure 3 Trends in Age-Standardized Mortality of COPD, Emphysema, and Chronic Bronchitis from 2020 to 2024 in Chongging, Stratified by Gender and Urban-Rural

Residence. (A: COPD; B: Emphysema; C: Chronic Bronchitis).
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Table 7 Mortality Rates of Chronic Bronchitis (Per
100,000 Population), by Age Group and Year, Chonggqing,

2020-2024

Age Group | 2020 2021 2022 2023 2024
<30 0.05 0.02 0.03 0.05 0.01
30-39 0.28 0.05 0.13 0.09 0.09
4049 0.84 0.61 0.75 0.85 0.45
50-59 3.98 4.63 5.81 4.64 3.18
60-69 17.66 17.25 2390 | 21.75 16.59
70-79 9574 | 9091 123.00 | 97.40 | 81.04
280 439.72 | 395.53 | 552.18 | 443.87 | 350.74
Total 19.22 20.21 29.54 25.37 21.18

Table 8 Mortality Rates of Emphysema (Per 100,000
Population), by Age Group and Year, Chongging,

2020-2024

Age Group | 2020 2021 2022 2023 2024
<30 0.02 0.03 0.02 0.00 0.00
30-39 0.19 0.05 0.10 0.07 0.05
4049 0.50 0.35 0.48 0.50 0.24
50-59 2.37 2.06 2.57 2.29 1.90
60-69 8.09 9.11 11.19 12.43 11.20
70-79 46.77 | 44.75 58.14 | 5346 | 4842
280 192.77 | 190.72 | 240.92 | 219.22 | 199.50
Total 8.87 9.90 13.34 13.14 12.44

Table 9 Mortality Rates of COPD (Per 100,000 Population),
by Age Group and Year, Chongging, 2020-2024

Age Group | 2020 2021 2022 2023 2024
<30 0.07 0.04 0.01 0.05 0.01
30-39 0.33 0.37 0.10 0.09 0.16
4049 1.95 1.50 .13 1.08 1.00
50-59 13.17 10.52 9.51 839 7.27
60-69 5221 47.57 4834 | 4789 | 4438l
70-79 321.20 236.43 219.62 | 191.07 | 175.78
280 1351.12 | 1044.28 | 974.19 | 772.51 | 711.61
Total 60.30 53.12 52.84 | 46.89 | 45.23

Discussion

This multi-dimensional epidemiological analysis of COPD, emphysema, and chronic bronchitis among residents aged
>15 years in Chongqing from 2020 to 2024 reveals distinct trends in disease burden, shaped by diagnostic practices,
demographic factors, and the unique context of the pandemic period. Previous studies have documented the high
prevalence of COPD in China, with a disproportionately heavy burden concentrated in resource-limited western
regions.” National population surveys have identified tobacco smoking, ambient air pollution, undernutrition, and early-
life respiratory events as major predisposing factors for COPD.'**! Our findings from Chongging are consistent with
these prior reports, demonstrating a substantial and rising burden of COPD and emphysema, especially among elderly

individuals and male residents.>'*
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Figure 4 Trends in Type | Diagnosis Rate of COPD from 2020 to 2024 in Chongging, Stratified by Urban-Rural Residence.

However, this study provides novel evidence by leveraging a 5-year continuous chronic disease surveillance platform
to simultaneously track longitudinal trends in incidence, prevalence, mortality, and spirometry-confirmed (Type 1)
diagnosis rates. Most notably, we characterized a distinct female-predominant chronic bronchitis phenotype and
documented a sharply narrowed urban—rural diagnostic gap, indicating that expanded access to spirometry in primary
care has driven more equitable and standardized COPD detection.”® Our findings, derived from a surveillance system
with multi-level quality control, highlight four key observations: a substantial rise in age-standardized prevalence for all
three conditions; a shift toward female predominance in chronic bronchitis prevalence and mortality in later years;
notable short-term fluctuations in incidence and mortality rates; and a rapid increase in spirometry-confirmed COPD
diagnoses alongside a marked reduction in the urban-rural diagnostic gap. The following discussion interprets these
findings in the context of recent epidemiological literature, explores potential underlying mechanisms, and considers their
public health implications.

The observed near-doubling of COPD age-standardized prevalence in Chongqing stands in contrast to the declining
trends in age-standardized incidence and mortality rates for COPD reported in China by the Global Burden of Disease
studies.”® This local increase likely reflects enhanced detection rather than worsening population health. Instead, it is
more plausibly attributed to enhanced case ascertainment—an “unmasking effect”—facilitated by improvements in the
local surveillance and quality control system.?* The steep rise in prevalence among the oldest age groups (>60 years),
reaching 14,714.32 per 100,000 in those aged >85 years in 2024, supports this interpretation, as it reflects the cumulative
identification of prevalent cases. Even so, the high absolute disease burden underscores that regions in Western China
continue to experience a disproportionate share of chronic respiratory disease, likely associated with persistent environ-
mental and occupational risk factors.>*> Although COPD is rare among individuals aged 15-19 years, such cases are
biologically plausible and likely reflect early-life developmental vulnerabilities rather than conventional adult-onset
disease. Low birth weight, preterm birth, severe childhood respiratory infections, and early exposure to household
biomass fuel or ambient air pollution can restrict maximal lung growth and reduce peak lung function, thereby increasing
the risk of airflow obstruction in adolescence or young adulthood. Therefore, COPD in this age group should be
recognized as a marker of early-life respiratory insult and cumulative lung damage, rather than an inconsistency with
the typical age distribution of COPD.?!

The fluctuations in incidence and mortality observed between 2020 and 2024 must be viewed within the context of
the COVID-19 pandemic. The sharp decline in COPD incidence in 2021 is consistent with international reports and
likely stems from delayed healthcare-seeking for non-acute respiratory symptoms during periods of stringent public
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health restrictions.”® The rise in spirometry-confirmed COPD diagnosis rates did not coincide with an increase in
incidence, as these two metrics reflect distinct processes: incidence denotes new-onset disease, whereas diagnosis rate
represents the proportion of cases validated by spirometry. The observed increase in diagnosis rate is better explained by
improved access to spirometry, enhanced primary care screening, and more standardized case documentation, rather than
a true surge in new cases. Post-pandemic recovery of outpatient services and expanded community-based screening
further facilitated the detection of previously undiagnosed prevalent cases, elevating diagnosis rates without
a corresponding short-term rise in incidence.”*?’ The subsequent mortality nadir in 2023 is a notable finding. The
widespread implementation of non-pharmaceutical interventions (NPIs) to control SARS-CoV-2 transmission also
suppressed the circulation of other respiratory viruses, which are primary triggers for severe acute exacerbations of
COPD (AECOPD). This reduction in exacerbations may have temporarily lowered COPD-related mortality.® The
rebound in mortality in 2024 suggests a reversal of this effect following the relaxation of NPIs. Additionally, the
potential for misclassification bias, where COPD deaths were attributed to COVID-19 during peak pandemic periods,
may have artificially depressed recorded non-COVID respiratory mortality in earlier years.*’

A prominent finding of this study is the divergent gender patterns among the three diseases. While COPD and
emphysema showed a clear male predominance, consistent with historically higher smoking rates among Chinese men,
chronic bronchitis exhibited a distinct profile. Female prevalence and mortality from chronic bronchitis exceeded male
rates in 2023 and 2024. This aligns with emerging evidence of sex-specific phenotypes in chronic respiratory diseases,
where chronic bronchitis and small airways disease are more frequently reported in women, whereas emphysema is
strongly linked to male smoking history.*® Biological susceptibility may play a role, with women demonstrating a greater
risk of COPD development per unit of tobacco exposure.®' Critically, exposure to household air pollution (HAP)—a
significant risk factor in historically rural settings like Chongqing—disproportionately affects women and is associated
with an airway-predominant (chronic bronchitis) phenotype rather than emphysema, offering a plausible explanation for
the observed female burden.>® Furthermore, the higher prevalence of cardiovascular and metabolic comorbidities among
women with COPD may contribute to the complex management and fluctuating mortality seen in this group.*

The rapid increase in the Type 1 (spirometry-confirmed) COPD diagnosis rate, from 6.96% in 2022 to 26.04% in
2024, represents a significant development. This trend coincides with national efforts to strengthen primary care and
expand diagnostic capacity.®* Prior national data indicated that only 5.9% of diagnosed COPD patients had received
spirometry confirmation, underscoring a previously massive diagnostic gap.*>*® The current increase likely reflects the
successful deployment of resources such as portable spirometers and targeted training at the primary care level.”> Most
notably, the near-elimination of the urban-rural gap in diagnosis—with only a 0.77-percentage-point difference in 2024—
provides compelling evidence that these system-level investments are effectively reaching rural populations, promoting
diagnostic equity where disparities have traditionally been wide.** The narrowing urban—rural diagnostic gap is likely
attributable to the strengthened primary care chronic disease management system in China. In recent years, the National
Basic Public Health Service has promoted standardized chronic disease management, and the widespread use of portable
spirometers in primary and community health facilities has lowered the threshold for spirometry testing in rural areas.
For mountainous and geographically/administratively complex regions such as Chongging, local poverty alleviation and
primary care capacity-building policies have further improved rural diagnostic access. These changes suggest that the
narrowing gap reflects improved accessibility and case ascertainment, rather than a synchronous short-term decline in the
actual disease risk in rural areas.”**"’

Our study benefits from the use of systematic surveillance data collected under a robust quality control framework.
However, several limitations inherent to such data should be acknowledged. First, despite the marked increase, the 2024
Type 1 diagnosis rate of 26.04% indicates that a substantial proportion of managed COPD cases still lack spirometric
confirmation by GOLD standards. Second, while the data capture outcomes effectively, they lack detailed individual-
level exposure histories (eg., precise smoking pack-years, duration of biomass fuel exposure), which limits our ability to
establish causal inferences for the observed trends. Third, mortality ascertainment may be underestimated because we
only included deaths where COPD, chronic bronchitis, or emphysema was documented as the underlying cause of death.
Deaths coded as pneumonia, respiratory failure, or other acute respiratory conditions—even when COPD was listed as
a secondary or contributing diagnosis—were not captured. Similarly, deaths attributed to cardiovascular or other
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comorbidities, which are highly prevalent in patients with COPD, may also have been missed. This limitation may lead to
underestimation of COPD-related mortality and should be taken into account when interpreting the observed mortality
trends. Finally, although the impact of the pandemic period is evident, more sophisticated analytical approaches would be
required to precisely quantify its temporary effects versus long-term epidemiological changes.

The findings from this study offer several directions for public health policy and research. The demonstrated model
for expanding spirometry access and achieving diagnostic parity between urban and rural settings should be considered
for adaptation in other regions. The identified high disease burden among the elderly and the distinct phenotype of
chronic bronchitis among women call for more tailored, risk-factor-specific interventions that extend beyond tobacco
control campaigns aimed primarily at men. Enhancing early detection will require bridging the communication gap
between patients’ lived experience of symptoms and clinical diagnostic criteria, potentially through the use of plain-
language educational tools. Future initiatives should focus on embedding spirometry quality assurance into routine
primary care. Concurrently, prospective studies linked to surveillance data are needed to better characterize the female-
predominant chronic bronchitis phenotype.*® Adopting a syndemic framework that addresses the co-occurrence of
chronic respiratory, cardiovascular, and metabolic diseases could guide more integrated care models.*® Leveraging the
existing data platform for spatio-temporal analyses with environmental exposure data represents a promising avenue for

future research into disease drivers and prevention.

Conclusion

This 5-year surveillance study in Chongqing (2020-2024) demonstrates a rising prevalence of COPD, emphysema, and
chronic bronchitis, mainly driven by improved case ascertainment. A clear gender divergence was found: chronic
bronchitis became female-predominant, whereas COPD and emphysema remained male-dominant, supporting sex-
specific public health strategies. The COVID-19 pandemic contributed to short-term fluctuations in incidence and
mortality. Notably, the spirometry-confirmed COPD diagnosis rate increased sharply to 26.04%, with the urban-rural
diagnostic gap nearly eliminated, validating a successful primary care diagnostic standardization model. Future inter-
ventions should prioritize diagnostic equity and targeted strategies for the female-predominant chronic bronchitis
phenotype to reduce the chronic respiratory disease burden.
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