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Purpose: To investigate the prevalence and risk factors for chronic obstructive pulmonary disease (COPD) in a rural area in western 
China with severe air pollution.
Patients and Methods: 10% of local residents aged 40 years and above were included using a convenience sampling method. This 
was a cross-sectional study. A self-designed questionnaire was used to collect participants’ demographic data. The screening program 
was comprised of two steps: First, a portable electronic spirometer was used for COPD screening. Those participants with FEV1/FVC 
ratio <0.7 were then referred to a confirmatory pulmonary function (PF) test. COPD was confirmed according to the 2020 Global 
Initiative for Chronic Obstructive Lung Disease criteria.
Results: A total of 4577 participants aged 40 years old or above were included in the final analysis. Examination with a mobile 
spirometer identified 1159 individuals for confirmatory testing; after that, of the 1159 individuals, 889 were diagnosed with COPD by 
the confirmatory PF test. The prevalence of COPD among the target group was 19.4%. Older age, male sex (odds ratio [OR] = 1.537, 
95% confidence interval [CI] 1.246–1.894), smoking history (OR = 1.338, 95% CI 1.069–1.675), family history of respiratory disease 
(OR = 1.625, 95% CI 1.350–1.957), education level (OR = 0.735, 95% CI 0.617–0.876), overweight (OR = 0.614, 95% CI 0.517– 
0.730) and obesity (OR = 0.572, 95% CI 0.449–0.721) were identified as independent factors associated with COPD. The screening 
program helped earlier detection of COPD in 719 participants.
Conclusion: COPD was highly prevalent in the rural area studied. Rural residents who were older, current or ever-smokers, male and 
those who had a lower education level were more vulnerable to developing COPD. The COPD screening program may be helpful for 
earlier disease detection in rural health-care settings.
Keywords: chronic obstructive pulmonary disease, prevalence, primary care, pulmonary function test, risk factors

Introduction
The World Health Organization (WHO) has declared chronic obstructive pulmonary disease (COPD) to be the third 
leading cause of mortality worldwide, causing 3.23 million deaths in 2019.1 According to the latest national cross- 
sectional study,2 the prevalence of COPD in the population aged 40 years and older is 13.7%, which represents a roughly 
67% increase when compared with the prevalence in the same age group 10 years ago. COPD has become the third 
leading cause of disability3 and is among the top three most prevalent chronic diseases in China.2
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Owing to different levels of exposure to air pollution and other social economic factors, the prevalence of COPD 
varies considerably across China.4 Specifically, COPD prevalence is higher in rural areas2 in China where access to 
health services is limited and people there are more susceptible to health and social disadvantages. Chengdu city, an 
economic center in western China, is rapidly developing, and is often listed among the top 10 cities with the worst air 
quality in the world.5 The prevalence of COPD in Chengdu was reported to be 20.2%,6 which is substantially higher than 
the national average. Parts of Jianyang, a rural area to the east of Chengdu, has entered a stage of rapid urbanization. The 
region is representative of rapidly developing and industrializing rural areas in middle-income countries. However, there 
is a dearth of epidemiological data on the prevalence and risk factors for COPD in this typical rural area.

Therefore, we performed a COPD screening program in primary care settings in this part of Jianyang, which is now 
known as Chengdu Eastern New Area, China. Because of large population sizes and limited resources in this area, a two- 
step screening strategy was considered as a suitable screening program.

In the current study, we aimed to determine the prevalence and risk factors for COPD in the target population.

Materials and Methods
Population
This cross-sectional survey was performed from May 2020 to December 2020. The target areas were Jiajia, Gaoming, 
Wumiao, Wuzhi and Laojun. These rural regions used to belong to Jianyang City, but according to the provincial 
economic development strategy, they have been classified as belonging to Chengdu city because of the geographic 
proximity to eastern Chengdu. The only secondary hospital located in Jiajia is responsible for all the rural areas 
mentioned above. These areas all together now are known as Chengdu Eastern New Area, experiencing a rapid process 
of urbanization and industrialization. This area comprises 75 villages and five districts. These villages and districts were 
all included in this survey. According to statistics provided by the local government, there are 95,357 local residents in 
the area, with 40,622 people aged 40 years or older. Sample size was calculated by PASS 21.0 (NCSS, LLC, Utah). 
A minimum sample size of 720 produces a two-sided 95% confidence interval (CI) with a width equal to 6% for our 
prespecified sample proportion of 20.2%6 using the Clopper-Pearson exact method.7,8 As a free health check program 
supported by local government, the program is designed to benefit more residents. Within time and budget constraints, 
the sample size was enlarged to 10% of the target population in total and equally in each village or district. During the 
study period, all individuals aged 40 years or older were invited to voluntarily undergo a free pulmonary function (PF) 
test using a portable spirometer performed at the primary care station in the individual’s village. If the sample size was 
not achieved at each location, we extended the program period. If the sample size was achieved, we completed the 
program as scheduled. The free health check program was publicized via an official poster on villages’ and districts’ 
bulletin boards as well as online announcement via Wechat group message sent by a primary social worker who 
organized and ran the online chat group for each community. Each online chatting group included at least one 
representative from each family, thus ensuring that every local family informed. Then the research team waited for 
participants to voluntarily and randomly attend. Ethical approval was obtained from the ethics committee of the first 
author’s hospital (No. 2019-065) and an informed consent form was provided in the first part of the questionnaire. If 
individuals agreed to participate in the survey, they could check the “I agree” box and continue completing the survey. 
Respondents aged 40 years or older from participating cites were included. Individuals who were unable to undergo 
spirometry or who had contraindications for spirometry or previous adverse events to Ventoline (salbutamol) were 
excluded from the study. Individuals who refused to complete the questionnaire or refused to undergo pulmonary 
function testing were also excluded. The entire screening process is shown in Figure 1.

COPD Definition and Participant Data
COPD was defined as a ratio of forced exhalation volume in one second to forced vital capacity (FEV1/FVC) of less than 
0.7 in pulmonary function testing post bronchodilation (BD) according to The Global Initiative for Chronic Obstructive 
Lung Disease Report 2020 (GOLD 2020).9 GOLD9 also categorizes disease severity according to the value of FEV1 

predicted: GOLD stage I (mild), ≥80% predicted; GOLD stage II (moderate), ≥50% to <80% predicted; GOLD stage III 
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(severe), ≥30% to <50% predicted; and GOLD stage IV (very severe), <30% predicted. A self-designed questionnaire 
was used to collect participants’ demographic data and variables of interest in the study. The main items included 
education level, personal disease history, family respiratory disease history, occupational exposure, smoking history, 
cooking environment, heating method and livestock ownership. Participants were asked to complete the questionnaire by 
themselves. For participants who could not read or write, research nurses or family members helped them to complete the 
survey.

Pulmonary Function Testing
The screening steps were comprised of two steps: First, screening pulmonary function testing was performed with 
a portable spirometer (X1, Xeek, Co., Ltd, Xiamen, China) among local participants in primary care settings. The 
spirometer was calibrated once a day using a 3-L syringe. Nurses who performed pulmonary function testing were 

Figure 1 The process of subject inclusion. 
Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1/FVC, a ratio of forced exhalation volume in one second to forced vital capacity; PF, pulmonary 
function.
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trained in a pulmonary function laboratory in a tertiary hospital. Pulmonary function tests were carried out from 8:00 to 
12:00 and from 14:00 to 18:00. Spirometry outcomes included FEV1, FVC, and peak expiratory flow.

Second, those participants with negative results (FEV1/ FVC <0.70) identified by the portable spirometer were sent 
for a confirmatory pulmonary function test at a secondary hospital within 1 week after the free health check. A Jaeger 
spirometer (MasterScreen™ Pneumo, Jaeger, German) was used. Bronchodilation was performed via administration of 
100 μg Ventoline (GlaxoSmithKline, Australia) per puff, and each participant received four puffs in total. Patients 
underwent pulmonary function testing 15–20 minutes after inhalation.

The Mobile Spirometer
This spirometer is a pressure differential flow sensor based instrument. In a lab test,10 its waveforms were found to be highly 
consistent with the ATS standard waveforms and Jaeger spirometer (MasterScreenTM Pneumo, Jaeger, Germany) in 10 different 
situations. All of the test errors were within a ±3% interval, meeting the accuracy requirements of both Calibration Specification 
for the Pulmonary Function Measuring Instrument11 and ATS/ERS standard.12 This test10 also included 980 healthy volunteers to 
evaluate the agreement between this spirometer and Jaeger spirometer. The Pearson’s correlation analysis showed that the r value 
of FVC, peak expiratory flow rate (PEF), FEV1 and FEV1/FVC between the portable spirometer and Jaeger spirometer were 
0.984, 0.985, 0.982 and 0.941, respectively. Consistency boundary analysis showed that the consistency intervals for FVC, PEF, 
FEV1 and FEV1/FVC were (−0.313, 0.260)L, (−0.253, 0.243)L, (−0.587, 0.717)L/s, (−4.655, 5.472)%, respectively. More than 
95% of participants’ results were located within the consistency boundaries. The results showed that the portable spirometer share 
sufficient agreement13 with the Jaeger spirometer (MasterScreen™ Pneumo, Jaeger, Germany) results.

Statistical Analysis
Age and Pulmonary function results were treated as continuous variables. For non-COPD participants who did not undergo post- 
BD PF test, we used pre-BD PF results for statistical analysis. For continuous variables with a normal distribution, the differences 
between variables were tested using an independent samples t-test; otherwise, the Mann–Whitney U-test was used. The remaining 
variables were treated as categorical or binary variables. The chi-square test was used for binary and categorical variables. For 
categorical variables with tendency, the Cochran–Armitage trend test was used. Potential risk factors for COPD were determined 
using a logistic regression model for univariate and multivariable analyses. Univariate analysis was used to evaluate the rough 
association between independent variables. Variables exhibiting a P value <0.25 in the univariate analysis were included in 
subsequent age and sex adjusted logistic regression and full-adjusted multivariable analysis. The overall prevalence of COPD was 
calculated by dividing the total number of confirmed cases across all sites by the total number of tested individuals during the study 
period. All statistical tests were performed with IBM SPSS version 24.0 (IBM Corp, Armonk, NY, USA). A P value <0.05 
indicated a significant difference.

Results
From May 2020 to December 2020, 5117 participants were included in the study. Eight nurses finished the COPD screening 
program for all the participants in 44 days distributed across 7 months. After excluding participants who failed to meet the 
inclusion criteria and those without an eligible pulmonary function test, we included 4577 participants in the final analysis (1703 
men and 2874 women, ratio 0.4:0.6). The average age of the total population was 60.4 years, ranging from 40 to 96 years. Mobile 
spirometry with a cut-off value of <0.7 identified 1159 individuals requiring confirmatory pulmonary function testing. Of these, 
313 (27.0%) were positive (without COPD) after confirmatory testing. We also identified 3418 individuals who did not have 
COPD; 43 of these individuals had previously been medically diagnosed with COPD according to a self-reported disease history. 
We treated these 43 participants as potential COPD cases regardless of the results of mobile spirometry and continued 
confirmatory pulmonary function testing. Finally, 889 participants were diagnosed with COPD, in which 170 participants had 
been formally diagnosed with COPD prior to our program, and the screening program enabled earlier confirmation in the other 
719 patients. The proportion of the 889 COPD participants in GOLD stages I, II, III and IV were 50.3% (447/889), 37.1% (330/ 
889),10.7% (95/889), and 1.9% (17/889), respectively. For the 719 newly diagnosed patients, 83 (11.5%) out of them were in stage 
III or IV COPD. Meanwhile, the other 3688 participants were classified as the non-COPD group. The entire screening process is 
shown in Figure 1.
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Table 1 General Characteristics and Risk Factors Between COPD and Non-COPD Subjects

Characteristics None-COPD (n = 3688)  
Mean (SD) or n (%)

COPD (n = 889)  
Mean (SD) or n (%)

P

Age (years)

<60 2044 (55.4%) 225 (25.3%) <0.001

≥60 1644 (44.6%) 664 (74.7%)
Mean±S.D. 59.63±9.31 66.24±8.97 <0.001‡

Sex

Male 1250 (33.9%) 453 (51.0%) <0.001
Female 2438 (66.1%) 436 (49.0%)

Occupational status
Farmer 2422 (65.7%) 620 (69.7%) 0.014

Non-farmer 1266 (34.3%) 269 (30.3%)

Occupational exposure
Yes 2391 (65.1%) 557 (62.7%) 0.163

No 1297 (34.9%) 332 (37.3%)

Education Level
Illiteracy 514 (13.9%) 204 (22.9%) <0.001†

Primary school 1641 (44.5%) 414 (46.6%)

Middle school 1369 (37.1%) 237 (26.7%)
High school and higher 164 (4.4%) 34 (3.8%)

Body Mass Index

<18.5 (underweight) 45 (1.2%) 22 (2.5%) <0.001†

18.5–23.9 (normal weight) 1379 (37.4%) 455 (51.2%)

24–27.9 (overweight) 1595 (43.2%) 301 (33.9%)

≥28 (obese) 669 (18.1%) 111 (12.5%)
Mean±SD. 25.12±3.44 24.06±3.35

Smoking history

Never-smoker 2897 (78.6%) 586 (65.9%) <0.001†

Former smoker 110 (3.0%) 53 (6.0%)

Current smoker 681 (18.5%) 250 (28.1%)

Family history of chronic respiratory diseases 720 (19.5%) 219 (24.6%) <0.001
Heating method

None 3083 (83.6%) 739 (83.1%) 0.579

Central heating/Air conditioner/Electricity 563 (15.3%) 136 (15.3%)
Coal stove/Firewood 42 (1.1%) 14 (1.6%)

Cooking Facility

Gas/Electricity 1379 (37.4%) 262 (29.5%) <0.001
Firewood/Coal/Crops residues 2309 (62.6%) 627 (70.5%)

Kitchen Ventilation

None 173 (4.7%) 54 (6.1%) <0.001†

Chimney 2082 (56.5%) 570 (64.1%)

Cook Extractor Fan/Range hood 1433 (38.9%) 265 (29.8%)

Kitchen separated from living room
Yes 3658 (99.2%) 878 (98.8%) 0.094

No 30 (0.8%) 9 (0.2%)

Live stock
No 1526 (41.4%) 362 (40.7%) 0.844

Outside of house 1807 (49.0%) 443 (49.8%)

Inside house 355 (9.6%) 84 (9.4%)
FEV1/FVC 0.73±0.06 0.55±0.07 <0.001‡

Notes: †Cochran–Armitage trend test; ‡Independent samples t-test. 
Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1/FVC, a ratio of forced exhalation volume in one second to forced vital capacity.
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According to the diagnostic criteria for COPD in the GOLD 2020,9 the prevalence of COPD among people aged 40 or 
older in this area was 19.4% (889/4577). The general characteristics and risk factors of participants are listed in Table 1, 
grouped according to the COPD diagnosis. The ratio of FEV1/FVC of the COPD group was (0.55 ± 0.07), while that for 
the non-COPD group was (0.73±0.06), P < 0.001. The average age in the COPD group was significantly older than that 
in the non-COPD group (66.24 ± 8.97 years vs 59.63 ± 9.31 years, P < 0.001), and the COPD group had lower BMI 
values (P < 0.001). Men exhibited a higher prevalence of COPD than women (26.6% vs 15.2%, P < 0.001). There were 
more farmers (69.7% vs 65.7%, P < 0.05) in the COPD group compared with the non-COPD group. A family history of 
chronic respiratory disease was more frequent in the COPD group (P < 0.001). Regarding indoor air pollution, clean 
energy (gas and electricity) was more commonly used in the non-COPD group (P < 0.001). The distribution of COPD 
varied according to education level (P < 0.001), BMI (P < 0.001), smoking history (P < 0.001), and use of a kitchen 
ventilation system (P < 0.001). There were no differences in occupational exposure, passive smoking, heating method, 
and livestock ownership between the two groups.

The univariate analysis identified age, sex, occupation, education level, body mass index, smoking history, cooking 
fuel, family history of chronic respiratory diseases and kitchen ventilation as significant variables (Figure 2). The results 
of multivariable analysis (Figure 2) revealed that the prevalence of COPD increased with age. Men were 53.7% more 
likely to have COPD than women (odds ratio [OR] = 1.537, 95% CI 1.246–1.894, P < 0.001). Compared with never 
smokers, the former or current smokers were 1.338 times more likely to have COPD (OR = 1.338, 95% CI 1.069–1.675, 
P = 0.011). Individuals with a family history of chronic respiratory disease were 62.5% more likely to have COPD than 
individuals with no family history of chronic respiratory disease (OR = 1.625, 95% CI 1.350–1.957, P < 0.001). People 
who completed middle school and those with higher levels of education were 26.5% less likely to have COPD than those 
with lower education levels (OR = 0.735, 95% CI 0.617–0.876, P = 0.001). BMI showed the following protective 
association with COPD: overweight individuals (OR = 0.614, 95% CI 0.517–0.730, P < 0.001) and obese individuals 
(OR = 0.572 95% CI 0.449–0.721, P < 0.001).

Discussion
This study was conducted in order to determine the prevalence and risk factors of COPD among local residents aged 40 
years or older in a rapidly developing rural area of western China. Our study findings provide meaningful insight and 
knowledge regarding the prevalence of COPD in areas where industrialization and urbanization are rapidly progressing.

Figure 2 The association between risk factors and COPD via logistic regression modeling. 
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; ref, reference.
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The prevalence of pulmonary function-identified COPD in the current study population was 19.4%. Yan et al14 

reported that the prevalence of COPD was 12.4% among those aged 40 years and older in a well-developed city in 
eastern China, whereas a nationwide survey2 reported a prevalence of 13.7% in the same age group. Although the study 
methods were not entirely comparable, a rough comparison indicated that COPD in western rural areas is highly 
prevalent in China. Ambient air pollution has become a major public health crisis in China during the rapid process of 
industrialization and urbanization.15,16 Exposure to particulate matter 2.5 (PM2.5) is strongly associated with COPD 
occurrence.17 In western China, outdoor air is more severely polluted but the socioeconomic level is lower than that in 
eastern regions, partially affecting the epidemiology of COPD. These substantial changes in living and working 
environments in rural areas also lead to a reconsideration of risk factors for COPD. Older age, male sex, smoking 
history, lower education level, and family respiratory disease history were independent risk factors for COPD, while 
overweight and obesity were protective factors in our study.

Age is a well-recognized risk factor9 for chronic disease including COPD. As shown in the results, the association 
between age and prevalence of COPD increased with age in the population aged 40 years and above for each additional 
decade of age. This result is in line with those of previous studies.2,14

Our results showed that smoking was associated with a 1.6 times higher prevalence of COPD. Smoking has been 
confirmed as a direct cause of COPD.9 Additionally, a higher prevalence of COPD was found in men in our study in 
accordance with previous studies in China.2,18 This phenomenon has been explained by the higher likelihood of smoking 
among men.9 However, some studies in both developed and developing countries have found a similar prevalence in men 
and women,19,20 partially caused by passive smoking21 and biomass fuel exposure.22 In our study, exposure to passive 
smoking was comparable between the COPD and non-COPD groups. The use of biomass fuel (like firewood, coal and 
crop residues) and kitchen ventilation were significantly related to the prevalence of COPD after adjusting for age and 
sex. However, after full adjustment for multivariable analysis, the relationships between these factors and the prevalence 
of COPD became non-significant. The influence of ambient air pollution may mask the effect of biomass smoke on these 
residents.2

Many previous studies have established that a low level of education is associated with a higher prevalence of 
COPD.2,23 The current study showed that individuals who did not finish at least Nine Year Compulsory Education 
Program were more likely to have COPD. Education is also an index of socioeconomic24 status, which reflects access to 
health-care services. Populations living in rural areas of western China have poorer access to health care and limited 
health-related knowledge about this disease. This can lead to delayed disease detection and increased occurrence and 
exacerbation of COPD. In China, the public’s awareness of COPD lags far behind awareness of hypertension or 
diabetes.25 Education programs for prevention and diagnosis of COPD in rural areas are needed.

The current results revealed an increased prevalence of COPD among individuals with a family history of chronic 
respiratory disease. This result is in accordance with the findings of a previous survey26 in China. Family history of 
disease reflects both shared environmental exposures and inherited genetic susceptibilities. One confirmed genetic risk 
factor9 for COPD is severe α-1-antitrypsin deficiency (AATD) which has barely been reported in Chinese population. 
Zhou et al26 argued that the association between COPD and family history of respiratory disease can be traced back to the 
living environment where those COPD patients (who reported family history of lung disease) and their parents lived 
during their childhood. Living environment air pollution is a potential contributor to particles accumulation in the lungs 
of children, affecting the onset of lung disease as they grow older.

Unlike reports from many other studies in different countries27, being a farmer was not found to be an independent 
risk factor for COPD in our study. In previous studies, farmers were found to have a greater likelihood of being exposed 
to microorganisms and dust while farming or caring for livestock.27 However, in our study, similar occupational exposure 
rates were found in the COPD and non-COPD groups (62.7% VS 65.1%, P = 0.163) despite the greater number of 
farmers in the COPD group (69.7% VS 65.5%, P = 0.014) (Table 1).

In our study, both overweight (24–27.9 kg/m2) and obesity (≥28 kg/m2) were protective factors for COPD. The result 
is in accordance with the findings of previous studies.28–30 This protective effect could be explained as overweight/obese 
patients would have higher muscle mass that cannot be simply described by BMI, but can be assessed using the Fat Free 
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Mass (FFM) index.31 For further understanding of the protective mechanisms of body weight, FFM can be a more 
persuasive indicator32 for loss of muscle compared with BMI, which requires further investigation.

The US Preventive Service Task Force33 (USPSTF) did not recommend screening for COPD routinely because there 
was no evidence showing improved clinical outcomes. However, this position is controversial.34,35 Some evidence36,37 

indicates that COPD screening program may help the earlier detection of patients with severe or very severe airflow 
obstruction. The screening program in the current study enabled earlier COPD confirmation in the 719 patients. 11.5% of 
the patients were diagnosed as GOLD stage III and IV COPD. Unlike glucose testing or blood pressure monitoring which 
are accessible in most pharmacies, pulmonary function tests are barely available for the Chinese population.2 A mobile 
spirometry device can enable both primary care practitioners and rural residents to be more involved in the early 
detection of COPD. Eight nurses conducted spirometry testing for over 4601 participants in this limited time period in the 
current study. This COPD screening strategy in rural areas is inexpensive and rapid, making it suitable for use in low- and 
middle-income countries with a large potential population of individuals with COPD.

Limitations
The current study involved several limitations. First, we did not recruit participants with a random sampling method; and 
study participants voluntarily attended the health check. This may have led to a lack of data from some individuals who 
were unable to travel or paid less attention to their health; these groups are usually considered to have poorer health 
status or behaviors.31 This could have potentially resulted in an underestimation of the prevalence of COPD. Conversely, 
it is also possible that the prevalence was overestimated because individuals with symptoms were more likely to 
participate. To minimize the influence of missing data, we did our best to ensure that all eligible individuals were 
informed about the health check program via local official announcements through both online messages and traditional 
posters. The health check was conducted in the primary care station in each village or district to ensure equal 
involvement of participants aged 40 years and older based on approximately 10% of the target population at each 
research site. As a result, participants from a wide age range (40 to 96 years old) and different research sites were 
included. Second, different spirometers were used in the two screening steps. However, evidence10 indicated that the two 
kinds of spirometers shared sufficient agreement in test results. Using only the Jaeger spirometer at a secondary hospital 
would impede the involvement of participants in remote areas and it may not be possible for every primary care station to 
have its own complex pulmonary function test equipment. The adoption of a mobile spirometer may enable greater 
participation. These methods were more closer to the clinical practice in the real world.

Conclusion
The findings of the current study revealed a high prevalence of COPD in typical rural areas of western China. Rural 
residents who were older, current or ever smokers, male and with a lower education level were more vulnerable to 
developing COPD. During the process of urbanization, risk factors for COPD can change within any given target group. 
COPD screening programs can help with earlier disease detection in primary care settings. Such programs are convenient 
and accessible to the population in rural areas.
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