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Background: Chronic obstructive pulmonary disease (COPD) is a public health challenge globally. The burden of COPD is high in never-smokers but little is known about its causes. We aimed to find the prevalence and correlates of COPD in never-smokers, with a special focus on solid fuel exposure.

Methods: We conducted a cross-sectional study in Western China. COPD was defined by FEV1/FVC < lower limits of normal (LLN). Descriptive statistics and multivariable logistic regression were used for analyses.

Results: Six thousand two hundred and seventy one patients were enrolled between June 2015 and August 2016. The prevalence of COPD in never-smokers was 15.0% (95% confidence interval 14.1–15.9). The common independent predictors of COPD in never-smokers included age ≥60 years, exposure to solid fuel, living in a rural area and a history of tuberculosis. Participants with solid fuel exposure were 69% more likely to have COPD (adjusted odds ratio 1.69, 95% CI 1.41–2.04) than those without such exposure. In addition, we found a positive association between small airway dysfunction and solid fuel exposure (OR 1.35, 95% CI 1.18–1.53).

Conclusions: This study confirmed the substantial burden of COPD among never-smokers and also defined the risk factors for COPD in never-smokers. Furthermore, we found a positive association between solid fuel exposure and COPD or small airway dysfunction.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a public health challenge globally, with high prevalence, morbidity and mortality (1, 2). Cigarette smoking is regarded as a major risk factor for COPD (3–5), but never-smokers comprise a substantial proportion of patients suffering from COPD (6). Indeed, it has been estimated that 25–45% of COPD patients are never-smokers (6, 7). The burden of COPD in never-smokers is thus substantial in developed and developing countries (7, 8).

The World Health Organization (WHO) estimates that about half of the global population depends on solid fuel for domestic cooking or heating (9). Burning of solid fuel produces large amounts of health-damaging chemicals (10, 11). Exposure to solid fuel has been linked to a range of adverse health outcomes including lung cancer, COPD and pneumonia in adults, especially among women (12–14).

Numerous studies have been carried out to evaluate the prevalence and risk factors of COPD, while fewer studies have focused solely on never-smokers. In a recent nationwide cross-sectional study in China, more than half of the COPD patients were never-smokers (15). In Tibet Autonomous Region (Tibet) and Xinjiang Uygur Autonomous Region (Xinjiang), solid fuel were generally used, with more than half of households relying on solid fuel for cooking or heating (16). We aimed to assess the prevalence and correlates of COPD among never-smokers in Tibet and Xinjiang, with a particular focus on solid fuel exposure.



METHODS


Study Setting

We performed a cross-sectional study on the prevalence and determinants of COPD among people living in Xinjiang and Tibet, China. Xinjiang and Tibet are the largest and second largest provincial-level autonomous regions in China, located along the western border of China. The Institutional Review Board and ethics committee of Beijing Hospital (2013BJYYEC-042C-01) approved the protocol of this study.



Participants

Detailed methods of the study have been described previously (17). Between June 2015 and August 2016, a multistage stratified sampling procedure was conducted to select a representative sample of subjects living in Xinjiang and Tibet. First, 13 districts or counties were selected in both urban (2 districts) and rural areas (11 counties) using the probability proportional to size method. Second, a simple random sampling method was adopted; two streets or townships were selected from each district or county, and three communities or village communities were selected from each street or township. Third, we randomly selected individuals aged 15 years or older from the selected communities or villages. The proportion of samples from each gender and age group was based on the 2010 census of Chinese population. We chose only one participant from each household.

We included permanent residents (who had lived at their current residence for 1 year or longer) aged ≥15 years for this analysis. Exclusion criteria were as follows: pregnancy; myocardial infarction or cerebrovascular accident experienced during the previous 3 months; heart rate >120 beats/min or blood pressure >180/120 mmHg; and being physically incapable of undergoing a spirometry test, such as due to recently undergoing thoracic, abdominal, or eye surgery, or retinal detachment. Each participant received detailed information about the study and study methods, and provided written informed consent before data collection.



Operational Definition

Trained and certified technicians performed pulmonary function tests for all participants. We performed daily calibration with a 3 L syringe and also recorded ambient temperature, humidity and altitude daily. Forced expiratory volumes were measured using the MasterScreenTM Pneumo PC spirometer (CareFusion, Yorba Linda, CA) before and 20 min after the administration of 400 μg of salbutamol through a 500 ml spacer. Each spirogram was centrally reviewed and scored based on the American Thoracic Society and European Respiratory Society (ATS/ERS) acceptability and reproducibility criteria (18). We defined: (1) COPD as a post-bronchodilator FEV1/FVC below the lower limit of normal (LLN) of the Global Lung Function Initiative (GLI) 2012 multiethnic equations (19); and (2) small airway dysfunction on the basis of at least two of the following three indicators of lung function being <65% of the predicted level: maximal mid-expiratory flow (MMEF), forced expiratory flow (FEF) 50% and FEF 75% (20). We calculated the ratios of observed to predicted FEV1 based on GLI 2012 multiethnic equations and used them to stage the degree of obstruction (GOLD stage I, ≥80% predicted; GOLD stage II, ≥50– <80% predicted; GOLD stage III, ≥30– <50% predicted; and GOLD stage IV, <30% predicted) (19). Moreover, we used a post-bronchodilator FEV1/FVC < 0.70, according to 2021 Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines (1), define COPD in a sensitivity analysis.

Never-smokers were defined as a participant who has never smoked, or who has smoked <100 cigarettes in his or her lifetime (21). Passive smoking was defined as inhalation of smoke by never-smokers who lived with smokers. Solid fuel was defined based on whether the participant had used an open fire with charcoal, coal, coke, wood, crop residues or dung as the primary means of cooking or heating for more than 6 months in their lifetime. History of tuberculosis was defined as a positive answer to the question “Has a doctor or other health care provider ever told you that you had tuberculosis?” Peripheral oxygen saturation was measured by pulse-oximetry (PHILIPS DB12) before performing spirometry.

Participants were considered to have: (1) chronic cough if they have a cough for most of the day for as much as 3 consecutive months during a year; (2) chronic phlegm if they bring up phlegm for most of the day for as much as 3 consecutive months during a year; (3) recurrent wheezing if their chest (lungs) ever sounded wheezy (whistling sound); (4) dyspnea in daily life if they were troubled by shortness of breath when hurrying on level ground, walking up a slight incline, walking at their own pace on level ground or being breathless when dressing/undressing or going out; and (5) at least one symptom if they had at least one of either chronic cough, chronic phlegm, recurrent wheezing or dyspnea in daily life.



Statistical Analysis

Descriptive statistics such as count and percentage for categorical variables and mean and standard deviation for continuous variables were determined separately for men and women. We conducted independent Student's t-test and χ2 test for continuous and categorical variables, respectively. We performed univariable logistic regression to determine the distribution of the study subjects by the independent variable of interest and to see crude association. Meanwhile, we used multivariable logistic regression analysis adjusted for sex, age, body mass index (BMI), education, education, residence, history of tuberculosis, exposure to solid fuel, exposure to passive smoking, and exposure to dust or chemicals in the workplace with adjusted odds ratio. In the sensitivity analyses, we applied a fixed cut-off to determine COPD.

All statistical analyses were performed using R with ggplot2, forestplot and ordinal packages (www.r-project.org). For all tests, the p-value was set to <0.05 to determine significance.




RESULTS


Population Characteristics

Between June 2015 and August 2016, a total of 12,991 individuals were randomly selected and invited to participate in the survey, of whom 6,271 never-smokers consented and completed the study (Supplementary Figure 1).

The characteristics of the 6,271 participants are presented in Table 1. The average age (SD) among the participants was 39.7 (15.6) years, and the mean BMI was 24.2 (4.1) Kg/m2, with 68.1% of the subjects being women. Overall, 83.8% of participants were lived in rural areas, 70.8% were exposed to solid fuel, 21.1% were exposed to passive smoking, 3.9% had a history of tuberculosis.


Table 1. Sociodemographic Characteristics in participants.
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Epidemiology of COPD

The overall prevalence of LLN-defined COPD was 15.0% (95% CI 14.1–15.9) in the never-smoking population aged 15 years or older (Table 2). There was no difference in COPD prevalence (P = 0.94) between men and women. The age-specific prevalence of COPD rose significantly with increasing age (P < 0.05 for both men and women; Supplementary Figure 2). It reached 17.0% (95% CI 15.6–18.3) among those aged ≥40 years. COPD prevalence was higher in rural residents (15.9%, 95% CI 14.9–16.9) than in urban residents (10.5%, 8.7–12.5; P < 0.001; Table 2). The prevalence of COPD was 15.7% (95% CI 14.4–17.1) in primary school or less, 15.7% (95% CI 14.3–17.2) in middle school or high school, and 11.2% (95% CI 9.3–13.3) in college and higher. Participants with history of tuberculosis exposure had a higher prevalence of COPD than those without it (20.7%, 95% CI 15.7–26.3) vs. 14.8%, 95% CI 13.9–15.7); P < 0.02; Table 2).


Table 2. Prevalence of COPD in participants.
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We also performed a sensitivity analysis using an age-specific fixed cut-off to define COPD. The overall prevalence of spirometry-defined COPD was 10.6% (95% CI 9.9–11.4). Men had a higher prevalence (11.8%, 95% CI 10.4–13.3) than women (10.1%, 95% CI 9.2–11.0; P < 0.05). Supplementary Table 1 presents the severity of COPD by GOLD grades. Approximately 34.5% COPD patients self-reported typical symptoms, such as frequent cough, sputum, recurrent wheezing, or dyspnea in daily life (Supplementary Table 2).



Predictors of COPD

Figure 1 displays the adjusted OR and 95% CI from the multivariable logistic regression analysis to determine the COPD-associated risk factors. For never-smokers with COPD, the common independent association was age ≥60 years, exposure to solid fuel, living in a rural area and a history of tuberculosis.


[image: Figure 1]
FIGURE 1. Forest plot showing OR for COPD in participants. COPD, chronic obstructive pulmonary disease; CI, confidence interval; OR, odd ratio. Each circle represents an OR. The horizontal lines indicate 95%CI. Adjusted ORs for COPD by sex, age, body mass index, education, residence, history of tuberculosis, exposure to solid fuel, exposure to passive smoking, exposure to dust or chemicals in the workplace. *P < 0.05.




Characteristics of Participants by Solid Fuel Exposure

Participants with solid fuel exposure had a higher prevalence of COPD than those without it (17.1% (95% CI 16.0–18.2) vs. 10.0% (95% CI 8.7–11.5); P < 0.0001) (Table 2). The age-stratified prevalence of COPD was significantly higher in participants with solid fuel exposure than in those without it, and the fixed cut-off used did not change this result (Figure 2).


[image: Figure 2]
FIGURE 2. Prevalence and corresponding 95%CI of COPD by (A) LLN-defined COPD and (B) spirometry- defined COPD. COPD, chronic obstructive pulmonary disease; CI, confidence interval; Bars represent the prevalence and error bars the 95%CI.


Participants with solid fuel exposure tended to be older, women, less educated and living in rural areas compared with those without such exposure (Table 3). On average, participants with solid fuel exposure had lower pre- and post-bronchodilator FEV1, FVC and FEV1/FVC than those without such exposure. Participants with solid fuel exposure had higher frequencies of chronic cough, dyspnea in daily life and at least one symptom when compared with those without such exposure (Figure 3).


Table 3. Characteristics of participants by solid fuel exposure.
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FIGURE 3. Prevalence and corresponding 95%CI of symptoms by solid fuel exposure.


Participants with solid fuel exposure were more likely to have COPD than those without such exposure. The adjusted OR and 95% CI for the association between solid fuel exposure and COPD was stronger in women (adjusted OR 1.74, 95% CI 1.39–2.21) than in men (1.64, 1.21–2.24) (Table 4).


Table 4. Association of COPD, small airway dysfunction, and symptoms with solid fuel exposure.
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Participants with solid fuel exposure were more likely to have chronic cough, dyspnea in daily life and at least one symptom than those without such exposure (Table 4). Participants with solid fuel exposure were 72% more likely to have at least one symptom (cough, sputum, wheeze, dyspnea) than participants without such exposure (OR 1.72, 95% CI 1.47–2.01).



Solid Fuel and Small Airway Dysfunction

The prevalence of small airway dysfunction was higher in participants with solid fuel exposure than in those without such exposure (55.7% vs. 47.9%; P < 0.001) (Figure 4). The sex-stratified prevalence of COPD was significantly higher in participants with solid fuel exposure than in those without it. Participants with solid fuel exposure were also more likely to have small airway dysfunction than those without such exposure (OR 1.35, 95% CI 1.18–1.53) (Table 4).
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FIGURE 4. Prevalence and corresponding 95%CI of SAD by solid fuel exposure. CI, confidence interval; SAD, small airway dysfunction.





DISCUSSION

In this study, we analyzed the prevalence of COPD and its risk factors among never-smokers in Xinjiang and Tibet, with a special focus on solid fuel exposure. Both COPD prevalence and solid fuel exposure were significantly high among never-smokers. The factors independently associated with COPD were age ≥60 years, exposure to solid fuel, living in a rural area and a history of tuberculosis. In addition, we found a positive association between solid fuel exposure and respiratory symptoms or small airway dysfunction. Our results highlight the substantial burden of COPD among never-smokers and confirm the increasingly acknowledged impact of solid fuel on respiratory health.

Based on BOLD and other large scale epidemiological studies, it is estimated that the global prevalence of COPD is about 11.7%, which increased 68.9% between 1990 and 2010 (22). Although smoking is the leading cause of COPD in the world, an estimated 25–45% of patients with COPD have never smoked (7). Never-smokers with COPD are an important population that is increasing but remains understudied. The China Kadoorie Biobank (CKB) study (8) showed that the prevalence of COPD was 5.9% for women and 5.2% for men, but the prevalence varies widely by region. The prevalence of COPD in our study was 15.0% in western China, which is consistent with the CKB study of COPD prevalence in Sichuan province, which is a high COPD prevalence that they cannot explain” (8). Sichuan province borders Tibet to the west, and they both belong to western China. Our study provides further insight into the prevalence of COPD in never-smokers populations in western China. The prevalence of COPD in never-smokers was in line with the BOLD study (18.2%) (23). Although this rate was higher than in studies from developed countries, such as the OLIN study (6.9%) and the CanCOLD study (6.4%), the rates of solid fuel use and tuberculosis are considerably lower than previously reported in developing countries (24, 25).

About 3 billion people worldwide use solid fuel for cooking or heating (7). Despite the decrease in the percentage of people using solid fuels, the absolute population exposed to solid fuel is more than three times greater than those smoking daily (12). Solid fuel causes an estimated 3.5–4 million deaths every year and more than 90% of solid fuel-related deaths occur in developing countries, mainly in Asia and Africa (11). International studies showed that participants with solid fuel exposure were 41% more likely to have COPD than those without such exposure (26). In addition, a cohort study revealed that long-term exposure to solid fuel for cooking was associated with about 10% excess risk of hospitalization or death due to COPD (27). The relationship between solid fuel exposure and COPD reported in our study was positive and the association was stronger than the results of previous analyses probably because our analysis was conducted in never-smokers (26) and the proportion of subjects exposed to solid fuel in our study was higher (70.8%) than that reported in these previous surveys. Solid fuel use has the potential to adversely affect the entire population, but the effects of solid fuel may be more apparent in never-smokers, in whom exposure to tobacco is not a competing risk factor (28).

The small airways are the major and earliest site of airflow limitation. Pathological studies suggest that loss of small airways prior to the development of abnormal spirometry or emphysema in COPD patients (29, 30). Recently, a cross-sectional study highlights that small airway disease is a pathological feature in mild and moderate COPD. Previous studies suggested that biomass smoke exposed patients demonstrated a distinct profile of small airways disease when compared to tobacco smoke exposed patients (31, 32). Our study showed that the prevalence of small airway dysfunction is higher in participants with solid fuel exposure than in those without it. We also found that participants with soldi fuel exposure had lower levels of pre- and post-bronchodilator FEV1, FVC and FEV1/FVC ratio, reflecting worse lung function among never-smokers. Previous studies found exposure-response relationships between solid fuel and lung function (33, 34). Individuals exposed to solid fuel had a higher prevalence of small airway dysfunction and lower lung function, suggesting that chronic inflammation from solid fuel exposure is associated with the development of chronic airway disease. Although the pathogenic mechanisms behind the harm caused by solid fuel are not yet fully understood, solid fuel is considered to enhance lung inflammation, alter the innate immune response and promote an oxidative stress state (35).

Our study emphasizes the importance of solid fuel reduction strategies, as public health intervention, which can reduce the burden of COPD. Previous studies showed that the adoption of clean fuel may be beneficial for preventing COPD (36). Meanwhile, the elevated risks associated with historical solid fuel use may still be attenuated by switching to clean fuels later in life (27, 36). A retrospective cohort study reported significantly lower risks of COPD in lifelong coal users who adopted a ventilated stove for cooking than in those who did not (37). This should encourage greater efforts to facilitate universal access to clean energy, as promoted by the United Nations Sustainable Development Goal (38).

Previous pulmonary tuberculosis was reported to be associated with airway fibrosis, and may lead to lung scarring and airway damage (7, 39). The BOLD and PLATINO studies revealed stronger associations between self-reported history of tuberculosis and COPD in people who had never smoked (6, 39). Similarly, in our study, the history of tuberculosis was closely related to the diagnosis of COPD among never-smokers. Therefore, effective measures for preventing tuberculosis are important in the prevention of COPD in this population.

Living in a rural area and increasing age were associated with a higher rate of COPD in our study, which is consistent with previous findings. For example, rural residence was previously reported to be an independent risk factor for COPD among never-smokers (28). The association between COPD and older age among never-smokers could be attributable to the accumulative effects of risk factors over time and the age-related weakening of respiratory muscles that leads to decreased FEV1/FVC, as determined by standardized spirometry tests (40).

There are some limitations to our study. First, these data were cross-sectional and we are unable to draw firm conclusions in terms of causation and measure other potential risk factors. Second, some analyses were limited by the design of the questionnaire, which was intended to be comprehensive and easy to administer, but in some cases prevented optimal detailed data collection. We were unable to quantify direct exposure to solid fuel beyond self-reported questionnaires. Third, with a male-to-female ratio of 1 to 2 in our study sample, one may argue that the results could not be generalizable to men. However, in the gender-specific analysis (with 2,000 men), we found no evidence of heterogeneity. Fourth, the diagnosis of small airway dysfunction in this study was entirely based on spirometry, which could be less accurate than pathological examination and imaging techniques. Finally, those with asthma were not excluded from the study population, which might cause an over-estimate of COPD prevalence in younger age groups.



CONCLUSIONS

In conclusion, this study confirmed the substantial burden of COPD among never-smokers. Our data suggested that, apart from exposure to solid fuel, history of tuberculosis, living in a rural area and older age are associated with an increased risk of COPD among never-smokers. Furthermore, we found a positive association between solid fuel exposure and COPD or small airway dysfunction.
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