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Background: Chronic obstructive pulmonary disease (COPD) represents a significant global health burden with substantial morbidity
and mortality worldwide. While smoking remains the predominant associate factor, emerging evidence suggests biomass fuel exposure
and other environmental factors contribute significantly to disease development. Large-scale epidemiological studies are essential to
identify modifiable associate factors and inform evidence-based prevention strategies.

Methods: We conducted a cluster-sampling cross-sectional survey of 65,680 participants aged 35-75 years during Jan 2023 to
Dec 2024, to investigate COPD prevalence and associated associate factors in Tianjin, China. COPD diagnosis was established using
post-bronchodilator spirometry with FEV1/FVC<70% as the diagnostic criterion. Comprehensive associate factor assessment included
demographic variables (age, gender), anthropometric measures (BMI), smoking status (never, current, former), biomass fuel use for
cooking or heating, and chronic cough symptoms. Statistical analysis employed univariate comparisons and multivariate logistic
regression modeling to identify independent associate factors, calculating odds ratios (OR) with 95% confidence intervals (CI).
Results: The overall COPD prevalence was 7.9% (5,160/65,680 participants) with significant demographic variations. Mean
participant age was 54.5+10.9 years, with 41.6% male representation. Multivariate logistic regression identified several independent
associate factors: advancing age (OR=1.049, 95% CI: 1.046-1.052, P<0.001), male gender (OR=1.402, 95% CI: 1.312-1.499,
P<0.001), current smoking (OR=1.560, 95% CI: 1.445-1.684, P<0.001), former smoking (OR=1.460, 95% CI: 1.306-1.631,
P<0.001), and biomass fuel use (OR=1.470, 95% CI: 1.317-1.641, P<0.001). BMI and chronic cough showed no significant
associations in the multivariate model.

Conclusion: This large-scale epidemiological study confirms a substantial COPD burden with multiple modifiable associate factors.
Beyond traditional smoking risks, biomass fuel exposure emerges as a significant independent predictor, highlighting the importance of
environmental interventions. These findings support comprehensive prevention strategies targeting smoking cessation and clean energy
initiatives, particularly for high-risk populations including older males and those with environmental exposures.
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Introduction

Chronic obstructive pulmonary disease (COPD) represents one of the most pressing global health challenges of the 21st
century, imposing substantial burdens on healthcare systems, economies, and individual quality of life worldwide. As
a progressive respiratory disorder characterized by persistent airflow limitation and enhanced inflammatory responses,
COPD has emerged as the third leading cause of death globally, affecting over 380 million individuals and responsible
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for approximately 3.2 million deaths annually." The global prevalence of COPD among adults aged 30 years and older is
estimated at 11.7%, with significant regional variations ranging from 9.7% in Southeast Asia to 15.2% in the Americas.'

The economic implications of COPD are staggering, with direct healthcare costs varying dramatically across
countries, from $52 in low-income settings like India to over $13,000 in high-resource nations such as Canada.” This
economic burden extends beyond direct medical expenses to encompass substantial indirect costs through lost produc-
tivity, caregiver burden, and premature mortality, highlighting the urgent need for comprehensive understanding and
prevention strategies.

Established associate factors for COPD development have been extensively documented, with tobacco smoking
representing the predominant modifiable associate factor in developed countries. Meta-analyses consistently demonstrate
that smoking increases COPD risk by 2—3 fold, with current smokers exhibiting higher risk than former smokers.® Age
and male gender constitute additional well-established non-modifiable associate factors, with COPD prevalence increas-
ing substantially after age 40 and men demonstrating approximately twice the prevalence compared to women globally.*

However, emerging evidence reveals that traditional associate factor models inadequately explain the COPD burden
in many regions, particularly in low- and middle-income countries where alternative exposure patterns predominate.
Indoor air pollution from biomass fuel combustion has gained recognition as a critical associate factor, particularly
affecting women and rural populations in developing nations.” Systematic reviews demonstrate that biomass fuel
exposure significantly increases COPD risk, with odds ratios ranging from 1.5 to 2.5 across different populations.’®
This exposure pattern is particularly relevant in Asia, where biomass fuels remain the primary cooking and heating
source for over 2 billion people.

Additional emerging associate factors include occupational exposures, ambient air pollution, childhood respiratory
infections, and genetic susceptibility markers. Recent umbrella reviews have identified 45 distinct environmental and
lifestyle associate factors for COPD, emphasizing the multifactorial nature of disease development.> Notably, the
interaction between genetic predisposition and environmental exposures appears crucial, with certain populations
demonstrating heightened susceptibility to specific associate factors.

Early diagnosis and disease awareness represent cornerstone elements in effective COPD management, yet they
remain inadequately addressed in current healthcare frameworks.” Disease awareness encompasses not only recognition
of COPD as a clinical entity but also an understanding of its associate factors, symptoms, diagnostic procedures, and
available treatment options. Enhanced patient awareness has been consistently associated with improved treatment
adherence, reduced exacerbation rates, and better long-term outcomes.® Furthermore, awareness of lung function testing
as a diagnostic tool is crucial for early detection, as spirometry remains the gold standard for COPD diagnosis and
disease monitoring.

Despite the recognized significance of COPD awareness, considerable knowledge gaps exist in its nationwide patterns
across Chinese populations. Existing research focuses heavily on prevalence and clinical management, lacking systematic
public and patient awareness assessment. Restricted by geographical and methodological limitations, current studies fail
to illustrate the association between COPD burden and public cognition, which is further complicated by Chinese cultural
and traditional health beliefs that affect disease perceptions and medical-seeking behaviors. Healthcare system flaws,
including uneven specialist distribution, insufficient primary spirometry access and poor preventive care integration, also
weaken the efficacy of COPD interventions.

This large-scale epidemiological study was designed to address these critical knowledge gaps by simultaneously
assessing COPD prevalence and disease awareness in a representative Chinese population. Our primary objectives were
to determine the current prevalence of COPD based on standardized spirometric criteria among adults aged 35-75 years,
and to comprehensively evaluate levels of disease awareness, including knowledge of COPD as a disease entity and
awareness of lung function testing as a diagnostic tool. Secondary objectives included examining demographic and
clinical factors associated with both disease prevalence and awareness levels, and identifying potential targets for public
health interventions. Through this dual approach, we aimed to provide evidence-based insights to inform policy
development, healthcare resource allocation, and targeted educational initiatives for improving COPD prevention,

early detection, and management in China.
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Methods

Study Design and Participants

This research was implemented under the auspices of the Tianjin Municipal COPD Screening Project (2023-2024),
a population-wide respiratory health survey launched to assess the prevalence of chronic obstructive pulmonary disease
among inhabitants of Tianjin. The project adopted a systematic community cluster-sampling framework to recruit adult
participants aged 3575 years from 32 communities of 16 administrative districts across Tianjin, China. The study design
followed established guidelines for cross-sectional surveys and adhered to the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) statement for observational studies.’

Participants were recruited through a systematic sampling strategy from multiple geographic regions to ensure
population representativeness. The recruitment process utilized a multi-stage cluster sampling approach, with primary
sampling units selected based on administrative divisions and secondary sampling based on healthcare facilities within
the selected districts. Adults aged 35—75 years were eligible for inclusion. Exclusion criteria included inability to perform
spirometry due to recent thoracic or abdominal surgery, acute respiratory illness within four weeks, pregnancy, and
cognitive impairment preventing informed consent.

Sample Size and Data Completeness

The final study population comprised 65,680 participants with complete data for all analyzed variables, representing an
exceptional completion rate of 99.9%. Sample size calculations were performed based on expected COPD prevalence
estimates from previous regional studies, with 80% power to detect clinically meaningful differences in associate factor
associations at an 0=0.05 significance level.'® The large sample size provided adequate statistical power for multivariate
analysis and subgroup comparisons.

Data Collection Procedures

Standardized data collection protocols were implemented across all study sites. Trained research personnel conducted
structured interviews using validated questionnaires to collect demographic information, smoking history, biomass fuel
exposure, and respiratory symptoms. Anthropometric measurements, including height and weight for BMI calculation,
were obtained using calibrated equipment.

Quality Assurance Measures

Comprehensive quality control measures were implemented throughout the study period. These included standardized
training for all research staff, regular calibration of equipment, duplicate data entry with validation checks, and
systematic review of completed questionnaires for completeness and consistency. Site visits and data audits were
conducted to ensure protocol adherence and data quality standards. The high completion rate and rigorous quality
assurance procedures support the reliability and validity of the study findings.

COPD Diagnosis and Variable Definitions

Chronic obstructive pulmonary disease (COPD) was diagnosed according to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) guidelines using the fixed ratio criterion of post-bronchodilator forced expiratory volume in
one second to forced vital capacity (FEVI/FVC) < 70%.'" Pulmonary function measurements were acquired using
a portable spirometer (Model BH-AX-MAPG, BreathHome, Guangzhou Hongxiang Medical Technology Co., Ltd.,
Guangzhou, China). This portable device adopts a high-precision differential pressure sensing module and complies with
national pulmonary function testing specifications, supporting standardized and repeatable detection of routine ventila-
tory function indicators. All lung function examinations in this community-based population screening were performed
strictly in accordance with the equipment operating guidelines to ensure consistent and reliable test results.

All spirometry measurements were obtained in the post-bronchodilator state, administered 15-20 minutes after 400 pg of
salbutamol via a metered-dose inhaler with a spacer device. Participants were instructed to avoid short-acting bronchodilators
for 12 hours, long-acting bronchodilators for 24 hours, and caffeine for 6 hours prior to testing. Technical quality control
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included verification of flow-volume loops and volume-time curves by certified technicians. For each participants, we
mandated a minimum of three acceptable forced expiratory maneuvers by excluding incomplete or low-quality expiratory
attempts. Afterwards we compared the two highest FEV, and FVC readings from valid trials; the pair was considered
repeatable if their volume difference was no more than 150 mL. After passing both acceptability and reproducibility checks,
the maximum FEV, and FVC values across all qualified maneuvers were used as official study outcomes.

Smoking status was categorized into three mutually exclusive groups: never smokers (individuals who had smoked
fewer than 100 cigarettes in their lifetime), current smokers (individuals currently smoking cigarettes daily or occasionally),
and former smokers (individuals who had quit smoking for at least 6 months prior to enrollment). Pack-years of smoking
exposure were calculated as the number of cigarette packs smoked per day multiplied by the number of years of smoking.

Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared, with participants
categorized as underweight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), or obese
(>30.0 kg/m?).

Biomass fuel exposure was assessed through the standardized question “Do you mainly use biomass fuels for cooking
or heating?” with responses coded as binary (yes/no). Participants reporting regular use of wood, crop residues, animal
dung, or charcoal for cooking or heating purposes for more than one year were classified as exposed.

Chronic cough was evaluated using the question “Do you usually cough when you do not have a cold?” derived from
validated respiratory questionnaires. Responses were dichotomized as present or absent, with chronic cough defined as
a cough occurring on most days for at least three consecutive months per year for two consecutive years.

Age was recorded as a continuous variable in completed years at the time of enrollment. Gender was recorded as male
or female based on self-report. All demographic and exposure variables were collected through standardized question-
naires administered by trained personnel using consistent protocols across all study sites.

Disease awareness was assessed using two validated questionnaires. The first questionnaire (E1) evaluated COPD
disease name awareness with response categories simplified for analysis: “Know and understand”, “Know but not
understand”, and “Unknown”. The second questionnaire (E2) assessed lung function test awareness using similar
categories: “Know and tested”, “Know but never tested”, and “Unknown”.

Statistical Analysis

Statistical analysis was performed using Python 3.13 with specialized libraries including pandas for data manipulation,
SciPy for statistical testing, and statsmodels for regression modeling.'? All analyses were conducted with a significance
level set at P<0.05.

Descriptive statistics were calculated for all variables, with continuous variables presented as means + standard deviations
and categorical variables as frequencies and percentages. Univariate analysis was performed to examine associations between
potential associate factors and COPD diagnosis. Shapiro—Wilk tests were used to test normality. For continuous variables,
independent samples t-tests were used, and for categorical variables, chi-square tests of independence were employed.

Multivariate logistic regression analysis was conducted to identify independent associate factors for COPD while
controlling for potential confounders. All variables showing P<0.20 in univariate analysis, along with clinically relevant
variables, were included in the initial model. The final model included age (continuous), gender, BMI (continuous),
smoking status (three categories with never smoking as reference), biomass fuel use (binary), and chronic cough (binary).

Results

Baseline Characteristics and COPD Prevalence

This large-scale cross-sectional study included 65,680 participants aged 35—75 years. The overall COPD prevalence in the
study population was 7.9% (5,160 cases). The baseline characteristics revealed significant demographic differences between
participants with and without COPD (Table 1). Individuals with COPD were significantly older (mean age 59.6 + 10.0 years)
compared to those without COPD (54.0 + 10.9 years, P <0.001). Gender distribution showed a marked difference, with males
comprising 54.7% of COPD cases versus 40.5% of non-COPD participants (P < 0.001), indicating a substantially higher
prevalence among men.
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Table | Baseline Characteristics of Study Participants, Stratified by COPD Status

Characteristics Overall (n=65,680) | Non-COPD (n=60,520) | COPD (n=5160) | P value
Sample, n (%) 65,680 (100.0) 60,520 (92.1) 5160 (7.9)
Age, years (Mean+SD) | 54.5 + 10.9 54.0 + 10.9 59.6 £ 10.0 <0.001
Gender, n (%)
Female 38,327 (58.4) 35,988 (59.5) 2339 (45.3) <0.001
Male 27,353 (41.6) 24,532 (40.5) 2821 (54.7)
BMI, kg/m? (Mean£SD) | 24.9 + 3.4 249 + 34 25.0 £ 3.2 0.624
Smoking status, n (%)
Never smoker 49,876 (75.9) 46,681 (77.1) 3195 (61.9) <0.001
Current smoking 12,205 (18.6) 10,732 (17.7) 1473 (28.5)
Former smoking 3599 (5.5) 3107 (5.1) 492 (9.5)
Biomass use,n (%)
No 62,106 (94.6) 57,378 (94.8) 4728 (91.6) <0.001
Yes 3574 (5.4) 3142 (5.2) 432 (84)
Chronic cough, n (%)
No 58,236 (88.7) 53,822 (88.9) 4414 (85.5) <0.001
Yes 7444 (11.3) 6698 (11.1) 746 (14.5)

Smoking status demonstrated a strong association with COPD. Current smokers represented 28.5% of COPD cases
compared to 17.7% of non-COPD participants, while former smokers comprised 9.5% versus 5.1%, respectively (P < 0.001).
Biomass fuel use was more prevalent among COPD patients (8.4%) than non-COPD participants (5.2%, P <0.001). Similarly,
chronic cough symptoms were reported by 14.5% of COPD patients versus 11.1% of those without COPD (P < 0.001). Body
mass index showed no significant difference between groups (P = 0.624).

Stratified COPD Prevalence

The stratified analysis revealed significant demographic disparities in COPD prevalence. A pronounced gender difference
was observed, with males demonstrating a substantially higher prevalence of 10.3% compared to 6.1% in females. Age-
related patterns showed a clear progressive increase in COPD prevalence, rising from 3.5% in those under 40 to 15.5% in
individuals aged 70 and above (Figures 1 and 2). The demographic distribution of COPD prevalence across different age
groups and gender categories is illustrated in Figure 1, which reveals substantial variations in disease burden. Male
participants consistently demonstrated higher prevalence rates across all age categories, with the most pronounced
differences observed in middle-aged and elderly populations.

Disease Awareness Analysis

The analysis of disease awareness revealed critically low levels of knowledge about COPD and lung function testing.
A staggering 61.5% of all participants had never heard of COPD, and another 24.2% knew the name but did not
understand the disease. Only 14.3% reported some or good understanding. Similarly, 62.5% of participants had never
heard of lung function tests, and only 6.9% had ever been tested (Table 2).

Most concerning was the analysis of awareness levels specifically among the 5160 participants diagnosed with COPD.
Even within this group, awareness remained unacceptably low. A total of 3602 (69.8%) of diagnosed patients were unaware
of their condition (categorized as “Unknown”). Furthermore, 3695 (71.5%) of these patients were unaware of lung function
testing (Figure 3). These findings suggest that a vast majority of individuals with the condition may be undiagnosed or lack
understanding of their disease, which has profound implications for management and outcomes.

Multivariate Logistic Regression Analysis
The multivariate logistic regression analysis identified several independent associate factors for COPD after adjusting for
potential confounders (Figure 4). Age emerged as a highly significant associate factor, with each additional year
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Figure 2 Age-specific COPD prevalence trends across the study population.

associated with a 4.9% increase in COPD odds (OR=1.049, 95% CI: 1.046-1.052, P<0.001). Male gender was an
independent predictor, with men having 40.2% higher odds of developing COPD compared to women (OR=1.402, 95%
CI: 1.312-1.499, P<0.001).

Smoking status showed the strongest associations. Current smokers demonstrated a 56.0% increased risk (OR=1.560, 95%
CI: 1.445-1.684, P<0.001), while former smokers maintained a 46.0% elevated risk (OR=1.460, 95% CI: 1.306-1.631,
P<0.001) compared to never smokers. Biomass fuel use represented a significant environmental associate factor, with exposed
individuals showing 47.0% higher odds of COPD (OR=1.470, 95% CI: 1.317-1.641, P<0.001). Notably, BMI (P=0.984) and
chronic cough (P=0.183) showed no significant association with COPD risk in the final multivariate model.
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Table 2 Disease Awareness Categories and Response Distribution

Knowledge Category Response Option N (%)

El: COPD Disease Name Awareness | Never heard of it 40,414 (61.5%)
Heard of it but do not understand | 15,918 (24.2%)
Have some understanding 9404 (14.3%)

E2: Lung Function Test Awareness Never heard of it 41,085 (62.5%)
Heard of it but never tested 20,118 (30.6%)
Have been tested 4533 (6.9%)

Discussion

Main Findings and Clinical Significance

This large-scale epidemiological study provides compelling evidence for the burden of COPD and identifies key modifiable
associate factors with significant implications for public health policy. The observed overall prevalence of 7.9% aligns with
global estimates, reinforcing the substantial disease burden that COPD represents.'® This prevalence is consistent with
recent systematic analyses showing COPD affecting approximately 2512.9 per 100,000 individuals globally."

The identification of age as a significant independent associate factor (OR=1.049) underscores the progressive nature
of this disease and the importance of early intervention.'* The pronounced gender disparity, with males demonstrating
40.2% higher risk (OR=1.402), reflects historical smoking patterns and occupational exposures, though these gaps may
be narrowing.'”

The robust association between smoking status and COPD risk is a primary actionable finding. Current smokers had
a 56% increased risk (OR=1.560), while former smokers retained a 46% elevated risk (OR=1.460), emphasizing both the
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Figure 3 COPD disease awareness (El) and lung function test awareness (E2) among participants with diagnosed COPD. Error bars represent 95% confidence intervals
(Wald method).
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benefits of cessation and the persistent long-term consequences of tobacco exposure. These findings align with meta-
analyses demonstrating that smoking cessation is the most effective intervention for preventing COPD progression.m

The significant association between biomass fuel exposure and COPD risk (OR=1.470) highlights an often-
underappreciated associate factor that disproportionately affects populations in developing countries. This finding is
particularly relevant given that biomass fuel exposure affects approximately 3 billion people worldwide and is a major
contributor to COPD, especially among non-smoking women.'”'® The 47% increased risk in our study aligns with
research demonstrating that biomass exposure correlates with disease severity independent of smoking status.'’

Perhaps most concerning is the critically low level of disease awareness. With 61.5% of participants unaware of
COPD and only 6.9% ever having undergone lung function testing, our findings expose a fundamental gap in public
health education. These awareness levels are substantially lower than those reported in developed healthcare systems'®
and highlight an urgent need for comprehensive health education initiatives. This disconnect between disease burden and
awareness likely contributes to delayed diagnosis, suboptimal management, and poor outcomes, as patient awareness is
a fundamental determinant of treatment success.'” Early diagnosis and intervention can significantly improve quality of
life and reduce healthcare costs,?® but low awareness prevents many from seeking care until advanced stages.

Comparison with Previous Studies and Limitations

Our study’s COPD prevalence of 7.9% aligns with the Global Burden of Disease Study 2019, which reported rates of
10.3% (95% CI 8.2-12.8).>' Kazakhstan recently published a nationwide population-based COPD study adopting
consistent spirometry diagnostic criteria; it recorded an overall COPD prevalence of 7% and a rate of 10.7% among
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adults aged >40 years. Notably, the Kazakhstan team also evaluated disease awareness among confirmed COPD patients
and found that only 30% of affected individuals knew they had COPD, reflecting widespread severe underdiagnosis
across the region. Our work and this Kazakh survey identified highly overlapping independent associate factors,
including smoking, dust and fumes exposure. In addition, the Kazakh survey also found that low education, occupational
exposure to vapors, and prior tuberculosis history were independent associate factors, with tuberculosis posing the
strongest disease risk.”? The identification of age, male gender, smoking, and biomass fuel use as associate factors is
consistent with extensive research. A meta-analysis confirmed smoking as the predominant associate factor, with ORs
from 1.5 to 3.0,” and our findings fall within this range. The strong association with biomass fuel use (OR=1.470)
provides robust epidemiological evidence supporting interventions to promote clean energy technologies.**
Differentiated from prior national surveys, this work features exclusive regional sampling, updated survey timing, and
dedicated tools assessing COPD knowledge. Despite the strengths of our large sample size, several limitations must be
acknowledged. The cross-sectional design limits our ability to establish causality. Longitudinal studies are needed to
confirm the temporal sequence between associate factors and disease onset. Additionally, our study did not capture
potential confounders such as occupational exposures, secondhand smoking, detailed air pollution levels, genetic factors,
or socioeconomic indicators, which may result in residual confounding.”> A Central Asian pooled analysis*® found
COPD odds of 1.69 for occupational dust/gas exposure. A global meta-analysis®>’ reported a pooled OR of 1.51 for
workplace inhalants, and US national data®® showed crude ORs of 2.14-2.73 for prolonged dust exposure. Low education
nearly doubles COPD risk, supported by the Kazakh national study (adjusted OR=1.80).>* Two more studies*”*°
disadvantaged socioeconomic status independently increases COPD susceptibility. Lacking full socioeconomic data

confirm

leaves residual confounding from unequal exposure risks and healthcare access, restricting complete analysis of social
COPD drivers. The fixed FEVI/FVC<70% threshold, although commonly applied in population epidemiological
investigations, presents prominent diagnostic biases relative to the age-, sex- and height-adjusted lower limit of normal
(LLN) standard.?' Reliance on this static cut-off generates non-negligible age-dependent misclassification that cannot be
ignored: it substantially overestimates COPD cases among the elderly population, as physiological lung function
naturally declines with age and lowers baseline FEV1/FVC ratios in older adults. Conversely, this fixed threshold
systematically underestimates airflow obstruction and misses true COPD cases in younger participants, whose baseline
FEVI1/FVC values remain physiologically higher. In contrast, LLN criteria adopt individualized reference ranges adjusted
for demographic characteristics to eliminate such age-related diagnostic distortion. This critical limitation of the fixed
ratio approach highlights that our COPD prevalence results may contain age-stratified measurement error. Finally, the
findings may have limited generalizability to populations with different demographic or environmental characteristics.
Future research should prioritize prospective cohort studies to strengthen causal inference.’” Incorporating genetic
markers, detailed environmental assessments, and biomarkers could enhance risk prediction models and provide insights

into disease mechanisms.*?

Conclusions

This large-scale epidemiological study provides compelling evidence for the significant burden of COPD in the studied
population, with a prevalence of 7.9%. We identified advancing age, male gender, both current and former smoking, and
biomass fuel exposure as significant, independent associate factors for the disease. The findings confirm that smoking is
the most potent modifiable associate factor, reinforcing the critical importance of comprehensive tobacco control
strategies. Equally significant is the confirmation of biomass fuel use as a major environmental associate factor,
highlighting the need for public health policies that promote clean energy alternatives.

Furthermore, this study revealed alarmingly low levels of public awareness regarding both COPD as a disease and the
importance of lung function testing. This critical knowledge gap likely contributes to delayed diagnosis and suboptimal
management. Our results provide robust evidence for developing multifaceted COPD prevention strategies that integrate
smoking cessation initiatives, environmental health improvements, and risk-stratified screening approaches. Urgent,
targeted public health campaigns are necessary to improve disease awareness and encourage early detection to mitigate
the growing burden of this preventable disease.
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