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Background: Chronic obstructive pulmonary disease (COPD) is an inflammatory lung disease characterized by airflow blockage. Pregnancy and pregnancy loss may be related to an elevated risk of COPD, although studies have yet to report on this association. Hence, this study aims to investigate the association between pregnancy and pregnancy loss with the risk of COPD among Chinese women.

Methods: Data on 302,510 female participants from the China Kadoorie Biobank were utilized for this study. Multivariable logistic regression, stratified by sociodemographic and lifestyle factors, was employed to obtain the odds ratio (ORs) and 95% confidence intervals (CIs) for the association between pregnancy and pregnancy loss with COPD.

Results: Pregnancy loss was significantly associated with increased risk of COPD (OR 1.19, 95% CI 1.13–1.25), specifically, spontaneous (OR 1.19, 95% CI 1.11–1.29) and induced abortion (OR 1.18, 95% CI 1.12–1.25). Stillbirth, however, was not significantly associated with the risk of COPD (OR 1.09, 95% CI 0.99–1.20). Increasing number of pregnancy losses was associated with increasing risk of COPD (one pregnancy loss: OR 1.14, 95% CI 1.07–1.21, two or more pregnancy loss: OR 1.25, 95% CI 1.17–1.32, and each additional pregnancy loss: OR 1.06, 95% CI 1.03–1.09). A single pregnancy was significantly associated with reduced risk of COPD (OR 0.75, 95% CI 0.59–0.97), although each additional pregnancy was significantly associated with increased risk of COPD (OR 1.03, 95% CI 1.01–1.04).

Conclusion: Pregnancy loss, in particular, spontaneous and induced abortions are associated with increased risk of COPD among Chinese women. A single pregnancy, however, demonstrated protective effects.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic and progressive inflammatory lung disease characterized by airflow blockage. Emphysema and chronic bronchitis, largely caused by cigarette smoking, are common contributors to COPD (1). In 2019, COPD was ranked by the World Health Organization (WHO) as the third leading cause of death worldwide (2). According to 2018 statistics, an estimated 8.6% of the population in China have been diagnosed with COPD (3). The global aging population contributes in part to the rising prevalence of COPD-related deaths. The use of solid fuel for cooking, smoking, adiposity, and genetics have also been identified as risk factors for COPD (4, 5). However, while cigarette smoking is a known major contributor to COPD, 20.5% of individuals with COPD are non-smokers (1).

Factors associated with reproduction unique to women have also been hypothesized to contribute to COPD. Studies have detected an elevated expression of the pregnancy-associated plasma protein-A (PAPP-A), a placental protein present in abundance in the blood circulation of pregnant women, as well as in patients with asthma, lung cancer, and COPD (6–9). Studies have also demonstrated that pregnancy loss is associated with an increased risk of chronic diseases, such as diabetes, stroke, and atherosclerotic disease (10–14). The presence of inflammatory markers due to these diseases may contribute to the increase in risk of COPD (15, 16).

Pregnancy loss is a common adverse pregnancy outcome; an estimated 2 million pregnancies result in stillbirths, 23 million pregnancies result in spontaneous abortions (17, 18), while a further 73 million pregnancies are terminated worldwide annually (19). In 1983, during the one-child policy in China, there was an estimated 14.4 million abortions; the rate of abortions peaked at 56.07% in the 1980s. There was a gradual downward tendency in the abortion rate from 44.95 to 19.30% in 1991 to 2000 (20). Given that pregnancy loss was a common outcome of pregnancy during the one-child policy, and because pregnancy and pregnancy loss have been hypothesized to contribute to increased risk of COPD, the aim of this study is to investigate the association between previous occurrences of pregnancy and pregnancy loss (including spontaneous abortion, induced abortion, and stillbirth) with the risk of COPD using data from the China Kadoorie Biobank. To our knowledge, no study has assessed the association between pregnancy and pregnancy loss with the risk of COPD.



Materials and methods


Study population

Data from the China Kadoorie Biobank (CKB), a large prospective database established by the Chinese Center for Disease Control and Prevention and the University of Oxford was utilized for this study. Detailed information about the study design and procedures of CKB have been previously reported elsewhere (21, 22). Briefly, 512,715 participants aged between 30 and 79 years old from 10 urban and rural areas in China, were recruited between September 2004 to May 2008. From an initial cohort of 512,715 participants, 210,205 participants were excluded as they were males. The remaining 302,510 participants were included in the final analyses.



Assessment of exposure, covariates, and outcome

At the local study assessment centers, trained health workers administered an electronic questionnaire that collected sociodemographic information, such as region of residence, educational level, occupation, household income, healthcare cover, and medical history, as well as lifestyle factors such as diet, alcohol consumption, and smoking status of participants. The number of live births, spontaneous abortions, induced abortions, and stillbirths were collected for female participants. Physical measurements, such as standing height and weight, were measured by trained staff using standard instruments and protocols. COPD diagnoses was ascertained via medical records and electronic linkage to the national health insurance (HI) system (21, 22). However, self-reported COPD diagnoses were used in a small percentage (2.0%) of participants who were not linked to the HI system (5).



Statistical analysis

Baseline characteristics were presented as mean (standard deviation) for continuous variables and percentages for categorical variables. Missing values were treated and reported as missing in all analyses. Pregnancy and pregnancy losses were re-categorized into 0, 1, and 2 or more. Logistic regression was utilized to obtain the odds ratio (OR) and 95% confidence intervals (95% CI) for the association between pregnancy and pregnancy loss, including spontaneous abortion, induced abortion, and stillbirth, with the risk of COPD. All analyses were adjusted for age, region (urban/rural), body mass index (BMI), educational level (elementary school and below/middle and high school/ university and above), annual household income (low/middle/high), metabolic equivalent of task (MET), smoking (never/ever), and alcohol consumption (never/ever). Analyses for pregnancy loss were restricted to parous women and was adjusted for the number of live births, and where appropriate, the number of spontaneous abortions, induced abortions, and stillbirths. Covariates were selected based on prior knowledge and published literature.

Subgroup analyses were performed to obtain the ORs and 95% CIs for the risk of COPD as associated with pregnancy or pregnancy loss by age (30–39.9, 40–49.9, 50–59.9, and ≥60 years), BMI (<25 and ≥25 kg/m2), region (rural and urban), educational level (elementary school and below, middle and high school, and university and above), annual income (<5,000, 5,000–19,999, and ≥20,000 yuan/year), MET (<20, 20–29.9, and ≥30 h/day), smoking status (smoker and non-smoker), alcohol consumption (alcohol drinker and non-alcohol drinker), and tuberculosis diagnosis (yes and no). The effect of pregnancy/pregnancy loss and baseline characteristics on the outcome of COPD was assessed using an interaction term. All statistical analyses were performed using Statistics Analysis System (SAS) (version 9.4; SAS Institute Inc., NC, USA).



Ethics approval

The CKB database has been given ethical approval by the University of Oxford, Peking University, the China National Center for Disease Control and Prevention (CDC), and the institutional review boards at the local CDCs of the 10 study regions. Written informed consent was provided by all participants for participation and to allow for access to their medical records (22).




Results


Baseline characteristics of participants

The characteristics of the participants are presented in Table 1 and Supplementary Table 1. Among the 302,510 women included in the analyses, 99.05% (n = 299,582) reported having ever been pregnant, of which, 61.52% had a history of pregnancy loss, 9.06% had a history of spontaneous abortion, 52.48% had a history of induced abortion, and 5.69% had a history of stillbirth. Women who reported having ever been pregnant had a mean age of 51.46 years, mean BMI of 23.82 kg/m2, mean MET values of 20.44 h/day, and a mean number of livebirths of 2.24. The majority of women resided in rural areas (55.59%), had an education of primary education or below (56.85%), and had household incomes between 5,000 and 19,999 yuan (49.13%). Only 5.05% and 36.37% of these women smoked and drank alcohol, respectively.


TABLE 1 Baseline characteristics of study participants.
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Pregnancy and pregnancy loss with the risk of COPD

The associations between pregnancy and pregnancy loss, including spontaneous abortion, induced abortion, and stillbirth, with the risk of COPD are presented in Table 2.


TABLE 2 Adjusted odds ratios (95% confidence intervals) for COPD risk associated with number of pregnancies and pregnancy losses.
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There was no statistically significant difference in the risk of COPD between gravid and nulligravid women, OR 0.84 (95% CI 0.67–1.05). However, when stratified by the number of pregnancies, gravid women with a single pregnancy were significantly less likely to be diagnosed with COPD, OR 0.75 (95% CI 0.59–0.97) although the association was not statistically significant for two or more pregnancies, OR 0.85 (95% CI 0.68–1.07). Conversely, each additional pregnancy was significantly associated with increased risk of COPD (OR 1.03, 95% CI 1.01–1.04).

Compared to women without a history of pregnancy loss, women with a history of pregnancy loss were significantly more likely to be diagnosed with COPD, OR 1.19 (95% CI 1.13–1.25). Increasing number of pregnancy losses was significantly associated with increasing risk of COPD; OR 1.14 (95% CI 1.07–1.21) and OR 1.25 (95% CI 1.17–1.32) for one, and two or more pregnancies, respectively. Each additional pregnancy loss was also significantly associated with increased odds of COPD, OR 1.06 (95% CI 1.03–1.09).

The associations were similar directionally for the various types of pregnancy losses; OR 1.19 (95% CI 1.11–1.29), OR 1.18 (95% CI 1.12–1.25), and OR 1.09 (95% CI 0.99–1.20) for a history of spontaneous abortion, induced abortion, and stillbirth, respectively. However, the association between stillbirth and the risk of COPD was not significant. Increasing number of induced abortions was also found to be significantly associated with increasing risk of COPD; OR 1.13 (95% CI 1.06–1.20), and OR 1.26 (95% CI 1.18–1.34) for one, and two or more pregnancy losses, respectively.



Pregnancy and pregnancy loss with the risk of COPD, stratified by baseline characteristics

The associations between pregnancy and pregnancy loss with the risk of COPD, stratified by age, BMI, region, educational level, household income, MET, smoking status, alcohol consumption, and tuberculosis diagnosis is presented in Table 3. While the associations between spontaneous abortion, induced abortion, and stillbirth with the risk of COPD, stratified by baseline characteristics, were not presented on, the associations can be found in Supplementary Table 2.


TABLE 3 Adjusted odds ratios (95% confidence intervals) for COPD risk associated with number of pregnancies and pregnancy losses, stratified by baseline characteristics.
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Pregnancy was negatively associated with the risk of COPD in all subgroup analyses, except for women between the age 30–39.9, who had household incomes of <5,000 yuan, who smoked, is a non-alcohol drinker, and who has tuberculosis. However, the association between pregnancy and the risk of COPD in women between the ages 30–39.9, 40–49.9, 50–59.9, and above 60, whose BMI was <25 and ≥25, who resided in rural and urban regions, who had elementary school or middle and high school education, who had household incomes of <5,000 yuan, 5,000–19,999 yuan, and ≥20,000 yuan, who had MET values <20, 20–29.9 or ≥30, who smoked or do not smoke, who was a non-alcohol drinker, and who had or did not have tuberculosis were not statistically significant. Of statistical significance was the association between pregnancy and the risk of COPD in women who had educational levels university and above (OR 0.54, 95% CI 0.30–0.96) and who were alcohol drinkers (OR 0.62, 95% CI 0.44–0.86). The interactions between pregnancy and baseline characteristics on the risk of COPD were not statistically significant except for the effect of alcohol consumption on the association between pregnancy and COPD (p for interaction = 0.03).

Pregnancy loss was positively associated with the risk of COPD in all subgroup analyses, except in women with educational levels of university and above and in smokers, for which there was an inverse association. However, the association between pregnancy loss and the risk of COPD in women who resided in rural regions, who had educational level of middle school and above, whose MET value was between 20.0 and 29.9, who smoked, who was an alcohol-drinker, and who have tuberculosis were not statistically significant. Of statistical significance was the association between pregnancy loss and the risk of COPD in women between the ages 30–39.9, 40–49.9, 50–59.9, and above 60 (30–39.9: OR 1.37, 95% CI 1.11–1.70; 40–49.9: OR 1.23, 95% CI 1.09–1.40; 50–59.9: OR 1.16, 95% CI 1.06–1.27; and above 60: OR 1.16, 95% 1.06–1.26), whose BMI was <25 and ≥25 (BMI <25: OR 1.19, 95% CI 1.12–1.27; BMI ≥25: OR 1.18, 95% CI 1.08–1.29), who resided in urban regions (OR 1.24, 95% CI 1.12–1.37), with educational levels elementary school and below (OR 1.19, 95% 1.10–1.28), who had household incomes of <5,000 yuan, 5,000–19,999 yuan, and ≥20,000 yuan (<5,000 yuan: OR 1.19, 95% CI 1.05–1.35; 5,000–19,999 yuan: OR 1.22, 95% CI 1.13–1.32; ≥20,000 yuan: OR 1.16, 95% CI 1.07–1.27), who had MET values <20 or ≥30 (MET <20: OR 1.17, 95% CI 1.09–1.25 and MET ≥30 OR 1.24, 95% CI 1.09–1.41), who do not smoke (OR 1.19, 95% CI 1.11–1.27), who was a non-alcohol drinker (OR 1.18, 95% CI 1.09–1.27), and who did not have tuberculosis (OR 1.19, 95% CI 1.13–1.25). No significant interactions were observed between pregnancy loss and baseline characteristics on the risk of COPD (p for interaction >0.05).

The association between spontaneous and induced abortion with the risk of COPD in the subgroup analyses was broadly similar to that of pregnancy loss in general, while the association between pregnancy and stillbirth with the risk of COPD in the subgroup analyses was largely non-significant (Supplementary Table 2).




Discussion

In this cohort of Chinese women, a history of pregnancy loss, specifically, spontaneous, and induced abortion, was associated with increased risk of COPD. A single pregnancy, however, was significantly associated with reduced risk of COPD, although each subsequent additional pregnancy was significantly associated with increased risk of COPD.

At present, to our knowledge, no study has examined the association between pregnancy loss and COPD. However, it is physiologically plausible that pregnancy loss is associated with increased risk of COPD. Recent studies have reported that levels of PAPP-A, a metalloproteinase secreted by the placenta, is elevated in individuals with COPD (9). Elevated PAPP-A levels can significantly influence the reproductive condition and maternal PAPP-A levels tend to increase with both gravidity and parity (23, 24). High concentration of PAPP-A was also demonstrated to be associated with increased number of miscarriages and fetal loss (24, 25). Studies have also reported that women who experienced pregnancy loss were at higher risk for cardiovascular diseases and diabetes (10, 14, 26, 27), which have been associated with reduced lung function (28). Moreover, decreased lung function have been linked to increased levels of markers for inflammation (29), and increasing evidence indicates that chronic inflammatory and immune responses play key roles in the pathogenesis of different forms of lung conditions, including COPD (15, 30). Several inflammatory cells and their mediators, including C-reactive protein (CRP), tumor necrosis factor (TNF)-α, and interleukins (IL-6 and IL-8) have been demonstrated to participate in the inflammatory response in COPD (30, 31).

Our findings demonstrated that a single pregnancy was negatively associated with the risk of COPD. On the contrary, however, each additional pregnancy was positively associated with the risk of COPD. Based on 2016 statistics, the age of women at first birth in China is on average, 26.9 years old (32). Hence, the risk of COPD at the age of first pregnancy is likely to be low. Given that each additional pregnancy is likely to occur with increasing age, and that advancing age contributes to increased risk of COPD, this could in part explain the association between each additional pregnancy with increased risk of COPD. In addition, given the high rates of induced abortions (51.98%) during the period of the one-child policy that coincided with data collection of the present study, increasing number of pregnancy losses, specifically induced abortions, may have resulted in the increased prevalence of COPD, as increased number of pregnancy losses was associated with increased risk of COPD in our study.

Considering that pregnancy causes various physiological changes that may perturb metabolic homeostasis resulting in hormonal imbalance, fat accumulation, decreased insulin sensitivity, and increased insulin resistance (33–36). During pregnancy and pregnancy loss, including spontaneous and induced abortion, anatomic, and physiologic changes may lead to increased maternal susceptibility to both acute and chronic pulmonary diseases, thereby increasing the risk of COPD. In addition, several studies have raised the impact of parity on lung function and provide evidence that multiparity is associated with a tendency toward lung-hyperinflation and lower lung function (37–39). However, due to the lack of relevant studies investigating pregnancy and pregnancy loss on COPD risk, we are unable to understand the specific triggering and regulatory mechanisms of pregnancy, and pregnancy loss on the risk of COPD.

Several unexpected findings were found. We found that pregnancy loss and spontaneous abortion was associated with increased risk of COPD in participants residing in urban areas, but not for participant residing in rural areas. This defies the assumption that because women residing in urban areas enjoy higher levels of medical resources, they should have a better prognosis in cases of pregnancy loss compared to women residing in rural areas. A possible reason to explain the significance of the association between pregnancy loss and spontaneous abortion with the risk of COPD in women residing in urban areas could be the China one-child policy implemented in 1980. The one-child policy was more strictly implemented in urban areas as compared to rural areas, resulting in higher rates of induced abortions. This suggests that higher rates of induced abortions in urban areas are of importance to the association between pregnancy loss and COPD. In addition, we found a lack of association between pregnancy loss and COPD in smokers and alcohol drinkers, a negative association between pregnancy and COPD risk in alcohol drinkers, and a non-significant association between pregnancy with COPD risk in smokers. However, because smokers and alcohol drinkers are known to take a longer time to conceive, and because of the small sample size of this group of women, the association between pregnancy and pregnancy loss with the risk of COPD may be masked.


Strengths and limitations

Overall, this study has several strengths. To our knowledge, this is the first study to report on the association between pregnancy loss and COPD risk in the Chinese population, and as data collection was conducted in 10 different areas in China, the findings of this study can be better generalized. Furthermore, the survey covered a comprehensive range of demographic, socioeconomic, and lifestyle information, allowing for greater control of confounding. In addition, data was collected using a standardized approach with stringent quality control, ensuring greater reliability and reproducibility.

However, this study also has several limitations. First, pregnancy and pregnancy loss were based on self-reporting, which may result in recall bias. Second, although stratified analysis has been performed to identify associated factors, we were not able to include all the conditions or risk factors along the different phases for both pregnancy loss and comorbidities. Third, residual confounding from other known or unknown risk factors, such as exposure to biofuel, may still exist despite our best efforts to control for a wide range of confounders. Fourth, as the ages at pregnancy and pregnancy loss were not collected, we were unfortunately unable to stratify for age at which pregnancy and pregnancy loss occurred. However, we did stratify for age at survey and observed no significant differences among women in different age groups. Future epidemiological studies are still warranted to verify and better understand the potential influence of age at pregnancy and pregnancy loss on the observed association. Fifth, as spirometry, a common test utilized to diagnose COPD may not have been utilized in the clinical diagnosis of COPD, there may be non-differential misdiagnoses of COPD, resulting in the underestimation of the association. Finally, as the study was a cross-sectional study, a causal relationship between pregnancy and pregnancy loss with COPD cannot be inferred, and further validation is needed.




Conclusion

Our study demonstrates that pregnancy loss, specifically spontaneous abortion, and induced abortion, is significantly positively associated with the risk of COPD in Chinese women. Additionally, it was observed that increasing number of pregnancy losses was associated with increased risk of COPD. However, given the cross-sectional nature of this study, further prospective cohort studies are needed to validate the findings of this study. Pregnancy, pregnancy loss, and COPD incur a complex cascade with other biological and non-biological factors, necessitating further investigation of the pathological processes associated with pregnancy loss and COPD.
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