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Purpose: To investigate the environmental, immune, and inflammatory factors associated with chronic obstructive pulmonary disease 
(COPD) in middle-aged and older Chinese individuals.
Patients and Methods: A community-based case–control study was conducted among 471 patients with COPD and 485 controls. 
The information on COPD of the participants was collected through face-to-face interviews, and serum samples were measured at the 
laboratory. The main risk factors for COPD were analyzed using principal component analysis (PCA) and logistic regression.
Results: Nine hundred and fifty-six respondents were included in the analysis. The results of the PCA-logistic regression analysis 
showed significant differences in the environmental factors, medical history, and serum C-reactive protein (CRP) levels between 
patients and controls. COPD was markedly more usual in those with smoking index >200 (OR, 1.42; 95% CI, 1.28–1.57); exposure to 
outdoor straw burning (OR, 1.64; 95% CI, 1.47–1.83); use of coal, wood, and straw indoors (OR, 2.31; 95% CI, 1.92–2.78); history of 
respiratory disease and coronary heart disease (OR, 3.58; 95% CI, 3.12–4.10), congestive heart failure (OR, 1.23; 95% CI, 1.09–1.38), 
and cerebrovascular disease (OR, 1.15; 95% CI,1.02–1.31); and higher serum level of CRP (OR, 1.20; 95% CI, 1.11–1.30). Compared 
to the logistic regression analysis, PCA logistic regression analysis identified more important risk factors for COPD.
Conclusion: PCA-logistic regression analysis was first utilized to explore the influencing factors among rural residents in Northeast 
China Environmental aged 40 years and above, it was found that environmental factors, medical history, and serum CRP levels mainly 
affected the prevalence of COPD.
Keywords: chronic obstructive pulmonary disease, collinearity, principal component, logistic regression

Introduction
Chronic obstructive pulmonary disease (COPD) is defined as a treatable and preventable disease. Its pulmonary 
component is characterized by an irreversible and progressive airflow limitation due to an abnormal inflammatory 
response of the lung to noxious gases or particles.1 It is often accompanied by significant extra pulmonary effects, leading 
to the aggravation of the disease. In the early onset of the disease, people with COPD may develop shortness of breath 
during exercise. As the disease advances, it may be difficult to inhale or even exhale. Persons with COPD may have 
emphysema, bronchiolitis, or both. The magnitude of each component varies from person to person.2
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Tobacco smoking is the leading cause of COPD, though not the only one. Some pathobiological processes interact in 
combination with lung growth, environmental stimuli, and genetic factors. Another characteristic of COPD is an 
infection-induced deterioration, with up to 78% of patients with a severe disease being caused by viral infection, 
bacterial infection, or both. COPD is also accompanied by several comorbidities, including lung cancer, cardiac disease, 
and diabetes.3 The main feature of COPD is chronic progressive inflammation of the lung tissue. However, systemic 
immune and inflammatory responses are also important features of COPD.

COPD is considered as one of the major reasons of mortality and morbidity worldwide, causing heavy healthcare, 
economic, and social burdens.4 The prevalence of COPD differs between countries, reflecting the diverse age composi-
tion of the population, genetic predispositions, healthcare resources, and various exposure to risk factors.5 The prevalence 
of COPD is almost 4% of the global population.6 Prevalence rises to 10% among people aged 40 and older.7 Air pollution 
caused by over 40% of the global population using biomass as indoor fuel accounted for 7.7% of the world’s mortality in 
2012.8 In low- and middle-income countries, exposure to biomass smoke accounts for approximately 25% of premature 
deaths from COPD.9 In 2016, COPD was the fifth leading risk factor for death in China.10 The general prevalence of 
COPD in China was 8.2%. The risk of COPD and its complications increases with increasing age, especially in those 
over 40 years of age. Fang et al in 2014–2015 noted that in China 13.6% of adults aged 40 years and above had COPD 
and its prevalence in rural areas was higher than that in urban areas. The prevalence of COPD varies substantially 
between geographic areas in China and was found to be the second highest in northeast China.11 Countries with lower 
income levels and low-income people usually have a greater risk of COPD. Most previous studies evaluating influencing 
factors have aimed at the entire population or the urban population. The large gap in economic, societal practices and 
healthcare in urban and rural areas accounts for the diverse risk factors for COPD. At present, there is still a lack of 
research on the factors influencing COPD in people over 40 years of age in the rural Northeast areas of China.

Logical regression is commonly used for risk factor analysis.12 However, if there is collinearity between the variables, 
the decreased stability of the regression equation leads to a greatly lower quality of the prediction results.13 Principal 
component analysis (PCA) is a method of linear dimensionality reduction and feature extraction by streamlining sets of 
variables from large to small, while still including a chunk of the primitive information.14 The PCA approach is to seek 
a linear combination of the principal component (PC) to maximize the variance, then remove this variance and seek 
a linear combination of the second principal component, iterating until the principal component is sufficient to represent 
most of the primitive information. Moreover, the eigenvalues and the eigenvectors of the covariance matrix must be 
calculated, where the eigenvalues are used to do the descending order arrangement, and the eigenvectors project the 
actual data on the basis of the ranking. PCA and logistic regression often play an important role in identifying associated 
risk factors and people at high risk for COPD.15–17

Populations in rural areas of Northeast China have environmental characteristics such as smoking, exposure to 
outdoor straw burning and use of fuel indoors, and residents over the age of 40 have high levels of comorbidity, systemic 
immunity and inflammatory responses. Our study was conducted to consider the main etiological factors and the 
importance of each factor in people aged 40 years and above in the rural areas of Northeast China and first use PCA- 
logistic regression analysis to explore the impact of COPD.

Materials and Methods
Selection of Cases and Controls
A case–control study was conducted on the community population. Based on the baseline data of a 10,000-person cohort 
study, cluster sampling was performed from five villages in Mingshui County, Suihua City, Heilongjiang Province, 
China, and a total of 566 COPD cases and 566 controls were randomly sampled. A case–control study was carried out, 
and epidemiological investigations and general physical conditions were carried out on the villagers. A total of 1132 
people were investigated, excluding 176 people who had incomplete epidemiological data for telephone follow-up and 
could not be supplemented. In the end, this study consisted of 956 people aged 40–76 years. Lung function measurements 
were performed by trained personnel at the rural community health centers. COPD was confirmed in patients with a ratio 
of forced expiratory volume in one second to forced vital capacity of <70% (FEV1/FVC<70%) to represent the definition 
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of the epidemiologic case. Individuals with a FEV1/FVC ratio of less than 0.7 were selected as cases, and the remaining 
were eligible as controls. The study was in accordance with the Declaration of Helsinki and was conducted after 
obtaining approval from the Ethics Committee of Harbin Medical University. Each patient signed a written informed 
consent.

Questionnaires and Serological Evaluation
The first face-to-face questionnaire-based interviews, fasting blood measurements, and anthropometric measurements 
were conducted at a rural community health center for both cases and controls. The second questionnaire-based survey 
was conducted via telephone. The investigators were trained to conduct face-to-face and telephonic interviews using the 
designed questionnaires. The questionnaire covered environmental information and basic demographics such as income, 
age, marital status, education level, clinical signs and symptoms, combinations, lifestyle behaviors, history of diseases, 
and psychosocial information. Before breakfast, qualified nurses gathered fasting blood samples through venipuncture. 
Serum samples were stored at −80 °C. Serum C-reactive protein (CRP), Immunoglobulin (Ig) G (IgG), IgM, IgA, the 
third complement component (C3), and the fourth complement component (C4) levels were measured using a Hitachi 
3100 automatic biochemical analyzer at the central laboratory of the Endemic Disease Control Center, China CDC.

Statistical Analyses and Sample-Size Evaluation
All data were gathered using dedicated software and analyzed applying SAS statistical analysis system in version 9.1.4. 
First, univariate analysis containing Wilcoxon rank sum test or t-test for continuous data and chi-square test for 
classification variables were performed to identify factors significantly associated with COPD. Variables with statistically 
significant results from the univariate analyses were selected for correlation analysis and collinear diagnosis. Finally, 
these variables were entered into the multivariate logistic regression and PCA-logistic models to obtain the odds ratio 
(OR) and 95% confidence interval (CI) for each risk factor.

The purpose of the sample-size evaluation was to find correlations (at least OR = 2) between COPD and other 
variables, with a power of 90% and significance at 5%. Based on earlier researches, we set 20% of patients to reach the 
main findings of environmental exposure. Meanwhile, two-sided alpha levels were set to 0.05. We determined that 256 
patients would provide a power of more than 90% to examine a diversity between the two groups. The sample capacity 
selected in this research was bigger than expected.

Results
We compared the characteristics of 471 cases and 485 controls with respect to the main demographic characteristics, 
disease history, environmental exposure, and serum indices (Table 1). Statistical discrepancy in age, level of income, 
education, Body mass index (BMI), smoking status, indoor fuel use (no fuel/natural gas/electricity vs coal/wood/straw), 
outdoor straw burning, history of respiratory disease (RD), history of coronary heart disease and congestive heart failure 
(CHD/CHF), history of cerebrovascular disease (CVD), IgG, IgA, and CRP were found between the two groups 
(P < 0.05).

To further explore the presence of a nonlinear association of IgM, C3, and C4 with COPD, the three variables were 
logarithmically transformed, and logistic nonlinear regression was used to analyze the role of quadratic effects. The 
results are presented in Table 2. The discrepancy in the C32 index between the two groups was statistically marked (P < 
0.05), while the difference in the IgM and C4 indices was not statistically noticeable (P > 0.05).

Correlation and Collinearity Analyses
The results of the correlation analysis of the main demographics, disease history, environmental exposure, and immune 
and inflammatory levels are presented in Table S1 in the Supplementary Appendix. Immune- and inflammation-related 
indicators, including IgG, IgA, CRP, C3, and C32 were markedly interrelated each other. Each other (P < 0.05), and there 
were significant correlations between the main demographics, disease history, environmental exposures, and levels of 
immunity and inflammation (P < 0.05). Owing to the obvious correlation, possible collinearity among the indicators was 
considered. The results of the collinearity diagnosis and variance inflation factors of the main demographics, disease 
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Table 1 Main Demographics, Disease History, Environmental Exposure, and Serum Indices Between Patients with Chronic 
Obstructive Pulmonary Disease and Controls

Characteristics n (%)/(Median, Range) FEV1/FVC<70% (471) FEV1/FVC≥70% (485) X2/t/Z-value P-value

Sex 471 485 0.4902 >0.05

Male 186 (39.49) 181 (37.32)

Female 285 (60.51) 304 (62.68)
Age 59.41±8.14 57.47±8.22 −3.66 <0.05

BMI (kg/m2) 468 482 13.1033 <0.05

<18.5 28 (5.98) 9 (1.87) 8.0837 <0.05
[18.5, 24) 189 (40.38) 180 (37.34) RG

[24, 28) 176 (37.61) 202 (41.91) 1.6218 >0.05
>28 75 (16.03) 91 (18.88) 1.6704 >0.05

Level of income 471 485 11.7690 <0.05

<12,000 367 (77.92) 350 (72.16) RG
(12,000, 20,000) 65 (13.8) 60 (12.37) 0.0283 >0.05

>20,000 39 (8.28) 75 (15.46) 11.3430 <0.05

Level of education 471 485 11.3755 <0.05
Below primary school 140 (29.72) 108 (22.27) RG

Primary school/Junior high school 305 (64.76) 329 (67.84) 4.9654 <0.05

High school and above 26 (5.52) 48 (9.9) 10.3690 <0.05
Smoking status 441 456 13.5708 <0.05

Smoking index*≤200 240 (54.42) 303 (66.45)

Smoking index>200 201 (45.58) 153 (33.55)
Second-hand smoking (never-smokers) 150 310 0.5807 >0.05

Yes 70 (46.67) 133 (52.90)

No 80 (53.33) 177 (57.10)
Indoor fuel use 450 471 18.5861 <0.05

No fuel/Natural gas/Electricity 18 (4.00) 55 (11.68)

Coal/Wood/Straw 432 (96.00) 416 (88.32)
Outdoor straw burning 449 470 10.7516 <0.05

Yes 336 (74.83) 305 (64.89)

No 113 (25.17) 165 (35.11)
History of RD 471 485 51.9267 <0.05

Yes 112 (23.78) 34 (7.01)

No 359 (76.22) 451 (92.99)
History of CHD/CHF 471 485 4.2892 <0.05

Yes 127 (29.96) 103 (21.24)

No 344 (73.04) 382 (78.76)
History of CVD 471 485 4.6860 <0.05

Yes 108 (22.93) 84 (17.32)

No 363 (77.07) 401 (82.68)
IgG 16.01±4.29 16.69±4.37 2.37 <0.05

IgA 2.22±1.03 2.31±0.93 2.0000 <0.05

IgM 1.17±0.58 1.12±0.57 0.1930 >0.05
C3 1.22±0.24 1.24±0.56 −1.1509 >0.05

C4 0.30±0.09 0.30±0.11 −0.51 >0.05

CRP 3.69±6.52 3.02±4.75 2.5667 <0.05

Notes: Continuous variables are expressed as mean and standard deviation, while categorical variables are presented as the number of patients in each group 
and percentage in the study group with respect to the total population. *Smoking index = the number of cigarettes smoked per day × the number of years of 
smoking. 
Abbreviations: BMI, body mass index; RG, reference group; RD, respiratory disease; CHD/CHF, coronary heart disease and congestive heart failure; CVD, 
cerebrovascular disease; IgG, Immunoglobulin G; IgM, Immunoglobulin M; IgA, Immunoglobulin A; C3, the third complement component; C4, the fourth 
complement component; CRP, C-reactive protein.
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history, environmental exposure, and immune and inflammatory levels are shown in Tables S2 and S3 in the 
Supplementary Appendix. The variation inflation factors of the potential predictors ranged from 1.057 to 47.565, 
which was higher than the threshold of 10, indicating multicollinearity between the potential predictors.

Logistic Regression Analysis
Applying multivariate gradual logistic regression to find variables associated with COPD. Univariate analysis showed 
that 15 variables were statistically marked. As shown in Table 3, a smoking index >200, history of respiratory disease, 
indoor fuel use, outdoor straw burning, and higher serum levels of CRP and C3 were risk factors for COPD, while C32 

was a protective factor for COPD; all these variables were statistically marked (P < 0.05). The 95% confidence interval of 
C3 was too wide; thus, the results are not ideal and there may have been errors.

Principal Component Analysis
To include as many risk factors for COPD as possible, all elements with P < 0.05 were brought in PCA, for a total 
of 15 variables. As shown in Table 4, we found that in the dataset the top 11 principal components (PCs) 
generated by the model interpreted 88% of the variance, and the top 14 PCs interpreted 99.93% of the variance. 
The top 11 and 14 PCs were used as independent variables, and presence of COPD (0 = no; 1 = yes) was used as 
the dependent variable in the multivariate gradual logistic regression model. The results were consistent and are 
listed in Table 5, and the results of the feature vectors are listed in Table S4 in the Supplementary Appendix. 
Among the various PCs, PC2, PC5, PC6, PC7 and PC8 were statistically significant (P < 0.05). The loadings 
represent the level of significance of the corresponding compounds. The first three levels of significance of PC2 in 
order were age > indoor fuel use > CHD/CHF; the first three levels of significance of PC5 in order were smoking 
status > straw burning outdoors > CRP; the first three levels of significance of PC6 in order were education > RD > 
income; the first three levels of significance of PC7 in order were age > CVD > smoking status; and the first three 
levels of significance of PC8 in order were BMI > IgA > smoking status. The results of logistics regression 

Table 2 Univariate Logistic Nonlinear Regression Model to Analyze the Effects of IgM, C3, C4 on 
Chronic Obstructive Pulmonary Disease

Characteristics β SE (β) Wald Chi-Square Value P-value

IgM 0.2969 0.3051 0.9474 0.3304

IgM2 −0.0477 0.0906 0.2777 0.5982

C3 3.5619 1.8539 3.6913 0.0547
C32 −1.5399 0.7252 4.5093 0.0337

C4 0.4791 0.4112 1.3577 0.2439

C42 −1.4583 0.9776 2.2255 0.1357

Abbreviations: IgM, Immunoglobulin M; C3, the third complement component; C4, the fourth complement component.

Table 3 Multivariate Gradual Logistic Regression Analysis for Risk Factors of Chronic Obstructive 
Pulmonary Disease

Characteristics β SE (β) OR (95% CI) P-value

RD 1.5301 0.2331 4.619 (2.925–7.293) 0.0003

Smoking status 0.3976 0.1541 1.488 (1.100–2.013) <0.0001
Indoor fuel use 0.8545 0.3127 2.350 (1.273–4.338) 0.0099

Straw burning outdoor 0.4244 0.1668 1.529 (1.103–2.120) 0.0063

CRP 0.3783 0.1341 1.460 (1.122–1.899) 0.0109
C3 5.7883 2.1593 326.442 (4.741–>999.999) 0.0048

C32 −2.5193 0.8505 0.081 (0.015–0.426) 0.0073

Abbreviations: RD, respiratory disease; C3, the third complement component; CRP, C-reactive protein.
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analysis for the conversion of principal components into primary variables are shown in Table 6. Age, education, 
smoking status, indoor fuel use, outdoor straw burning, RD, CHD/CHF, CVD, and CRP were found to be marked 
(P < 0.05); the remaining variables were not marked (P > 0.05).

Table 4 Results of the Principal Component Analysis

Principal Component Eigenvalue Difference Proportion Cumulative

PRIN 1 2.65861343 0.71186102 0.1772 0.1772
PRIN 2 1.94675241 0.59745936 0.1298 0.3070

PRIN 3 1.34929305 0.17051207 0.0900 0.3970

PRIN 4 1.17878098 0.08205982 0.0786 0.4756
PRIN 5 1.09672117 0.09870783 0.0731 0.5487

PRIN 6 0.99801334 0.07258332 0.0665 0.6152

PRIN 7 0.92543002 0.07846652 0.0617 0.6769
PRIN 8 0.84696350 0.05007724 0.0565 0.7334

PRIN 9 0.79688626 0.05579577 0.0531 0.7865
PRIN 10 0.74109050 0.02792364 0.0494 0.8359

PRIN 11 0.71316686 0.05375892 0.0475 0.8834

PRIN 12 0.65940794 0.08171214 0.0440 0.9274
PRIN 13 0.57769580 0.07713305 0.0385 0.9659

PRIN 14 0.50056275 0.48994074 0.0334 0.9993

PRIN 15 0.01062200 0.0007 1.0000

Table 5 Multivariate Gradual Logistic Regression Analysis for Principal Components of Chronic 
Obstructive Pulmonary Disease

Principal Component β SE (β) Wald Chi-Square Value P-value

Intercept −0.0423 0.0731 0.3338 0.5634

PRIN 2 0.4343 0.0579 56.3579 <0.0001
PRIN 5 0.1468 0.0705 4.3315 0.0374

PRIN 6 0.2697 0.0749 12.9794 0.0003

PRIN 7 −0.243 0.0783 9.6322 0.0019
PRIN 8 0.2445 0.0807 9.1818 0.0024

Table 6 Results of Logistics Regression Analysis for Conversion of Principal Components into Primary Variables

The Primary Variable β SE (β) U-value P-value OR (95% CI)

Age 0.0116 0.0031 3.7821 <0.05 1.0117(1.0056–1.0178)

BMI −0.0195 0.0217 0.8974 >0.05 0.9807(0.9399–1.0233)

Level of education −0.2532 0.0461 5.4954 <0.05 0.7763(0.7093–0.8497)
Level of income 0.0067 0.0367 0.1815 >0.05 1.0067(0.9368–1.0818)

Smoking status 0.3490 0.0517 6.7555 <0.05 1.4177(1.2811–1.5687)

Indoor fuel use 0.8367 0.0947 8.8379 <0.05 2.3088(1.9178–2.7796)
Outdoor straw burning 0.4935 0.0558 8.8407 <0.05 1.6381(1.4683–1.8275)

History of RD 1.2750 0.0693 18.4027 <0.05 3.5787(3.1243–4.0992)

History of CHD/CHF 0.2050 0.0588 3.4873 <0.05 1.2275(1.0939–1.3773)
History of CVD 0.1428 0.0637 2.2432 <0.05 1.1535(1.0182–1.3068)

IgG −0.0085 0.0057 1.4759 >0.05 0.9916(0.9805–1.0028)

IgA 0.0789 0.0592 1.3328 >0.05 1.0821(0.9635–1.2153)
C3 0.0133 0.0995 0.1342 >0.05 1.0134(0.8339–1.2316)

C32 0.0059 0.0386 0.1521 >0.05 1.0059(0.9326–1.0849)

CRP 0.1815 0.0387 4.6893 <0.05 1.1990(1.1114–1.2935)

Abbreviations: BMI, body mass index; RD, respiratory disease; CHD/CHF, coronary heart disease and congestive heart failure; CVD, 
cerebrovascular disease; IgG, Immunoglobulin G; IgA, Immunoglobulin A; C3, the third complement component; CRP, C-reactive protein.
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Discussion
There is large variation in the reported prevalence of COPD among different geographical areas in China, partly due to 
the different levels of exposure to risk factors and disparities in socioeconomic development among different areas.18 The 
overall trend in previous studies is that COPD is generally seen in men.11,19–22 However, in this study, sex was found to 
be evenly balanced between patients with COPD and controls. The reason may be the higher rate of smoking in rural 
women compared with those in urban areas and in the entire population, and the high prevalence of occupational dust and 
indoor fuel pollution in rural districts. The enhanced risk of COPD with age is consistent with previous studies, possibly 
because of decreased lung function with age and the accumulated effect of environmental pollutants on the lungs.20,22 

Senile emphysema is presented with the damage of alveolar septum, the decline of elastic function, and the enlargement 
of pulmonary cavity, whose severity can be evaluated by expiratory flow limitation.23,24 Lung aging can also lead to an 
abnormal immune response after infection or injury, increasing susceptibility to infection, and subsequently increasing 
lung injury.25 The increased risk of COPD in people with low education may be due to poorer living conditions, lesser 
health education, and greater exposure to environmental pollutants.20,22–26

Environmental pollutants are generally considered the major pathogenic elements of COPD, identical with the 
findings of our study. Previous studies on the association between smoking and COPD have generally reported that 
current smoking, former smoking, and longer years of smoking increase the risk of developing COPD.20,21,27–31 We 
divided the smoking index, a comprehensive index used to assess the severity of smoking, into two categories, and found 
a significantly greater risk of COPD with a smoking index >200, which has not been reported in previous domestic 
studies. Compared to the residents in urban areas, rural residents in Northeast China Environmental aged 40 years and 
above are less educated, and they tend to pay less attention to the harm of smoking, which leads to their long-term 
smoking behavior and makes it more difficult for them to quit smoking. Therefore, smoking index >200 being used as 
a risk predictor of COPD will easily and intuitively guide residents to reduce their smoking volume, which is more 
acceptable than direct smoking cessation, so as to achieve the ultimate goal of smoking cessation to promote health. We 
found that indoor fuel use, mainly firewood, coal, and straw, increased the risk of COPD, which is generally identical 
with findings of earlier researches.20,22,32 Due to its geographical location, the rural areas of northeast China witness cold 
climates for large parts of the year. Due to rural living conditions, doors and windows are often closed in the cold 
weather, resulting in the retention of harmful gases indoors that are released after fuel combustion, thus increasing the 
risk of COPD. We also found that exposure to outdoor straw burning increased the risk of COPD. Although there are 
some reports focusing on exposure to biomass smoke exposure for COPD, there is still a lack of specific research on 
outdoor straw burning influencing COPD. The phenomenon of outdoor straw burning has improved due to appropriate 
government policies in recent years, but outdoor straw burning has become a pathogenic elements for COPD due to the 
accumulation of exposure for several years. COPD is a complex disease whose pathogenesis is interacted by multiple 
factors, including exposure to harmful particles and gases, genetic predisposing elements, and respiratory immune 
responses. Tobacco smoking is the leading cause of COPD in earlier researches. Hazardous gas inhalation can give 
rise to the injury of vascular endothelium and airway epithelium through premature aging, lung inflammation, impaired 
immune function, oxidative stress, and abnormal metabolic enzymes.33,34

This study found that the history of RD, CHD/CHF, and CVD were risk factors for COPD, which is identical with 
discoveries of earlier researches.22,35 Previous studies have generally reported that CRP is an important serological marker 
for cardiovascular and cerebrovascular diseases. After adjusting for the effects of collinearity and covariates, we observed 
increased serum CRP levels to be a risk factor for COPD, suggesting that CRP as a biomarker may reflect the systemic 
inflammation characteristic of COPD. Previous studies have pointed out that CD8+ T cells, macrophages, neutrophils, 
eosinophils, and epithelial cells are the main cellular components involved in COPD-related inflammation.36–38 They can 
damage airway structures and incite systemic inflammation by releasing inflammatory elements such as IL-1, IL-6, TNF-α, 
IL-8, and CRP.39 Therefore, COPD is often accompanied by complications, such as cardiovascular disease, diabetes mellitus, 
osteoporosis, anxiety, and depression.35 However, differences in the serum levels of complement C3 and C4 between COPD 
patients and controls were not discovered in this research, and further mechanistic researches are needed to investigate the 
systemic inflammatory effect of CRP on COPD. No marked difference in immunological antibody levels between COPD 
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cases and controls was found in our research, which is not completely identical with earlier studies and should be supported 
by a bigger sample capacity and further epidemiological cohort researches. Our findings are relevant to many developing 
countries, where the burden of COPD is growing. Early identification of risk factors can help with prevention before disease 
progression and reduce the risk of disability after disease diagnosis.

Using PCA and logistic regression, we found five principal component analyses, namely PC2, PC5, PC6, PC7 and PC8, 
including age, education, smoking status, indoor fuel use, outdoor straw burning, RD, chd/chf, CVD and CRP, which were 
found to be important in COPD. As shown in our study, higher age, less education, higher smoking index (>200), exposure to 
outdoor straw burning, use of coal, wood, and straw indoors, history of RD, CHD, CHF, and CVD, and higher serum levels 
of CRP increased the prevalence of COPD. Logistic regression analysis only found that a smoking index >200, history of 
respiratory disease, indoor fuel use, outdoor straw burning, and higher serum levels of CRP, C3, and C32 were risk/protective 
factors for COPD. However, other important risk factors for COPD identified in previous studies were not significant. The 
95% confidence interval of C3 was too broad; the results were not ideal, and there may have been errors. This may have been 
due to the collinearity among the independent variables, causing the regression equation to become unstable and resulting in 
the significant variables becoming insignificant. Principal component logistic regression analysis found more important risk 
factors for COPD, especially some widely recognized factors, which are closer to those of previous studies. Therefore, to 
address the problem of collinearity in this study and to identify the risk factors for COPD, PCA logistic regression analysis 
has more advantages than the logistic regression method.

This study also has a number of limitations. Our original contributions were not found in post-bronchodilator 
spirometry. Nevertheless, previous studies have indicated that only 9% of people with high-risk COPD can reverse 
airway obstruction after using bronchodilators, and the findings are robust.40,41 In addition, this study is cross-sectional, 
and identification of the causal effect of the serological index on COPD requires further prospective cohort and 
mechanistic studies.

Conclusion
In summary, COPD was significantly more common in people over 40 years of age in the rural Northeast areas of China 
with smoking index >200, exposure to outdoor straw burning, and the use of coal, wood, and straw indoors. It is 
recommended that local health care institutions could use the cut-off of smoking index as an indicator of smoking control 
and as part of interventions for basic primary health care when conducting health education and guidance for the 
prevention of COPD. Public policy should be taken to prevent rural residents from exposure to indoor smoke and outdoor 
straw burning. In addition, medical history and higher serum level of CRP are powerful predictors of COPD. Smoking 
cessation services and healthy lifestyle guidance should be provided for people with history of respiratory disease, 
cardiovascular and cerebrovascular disease, and people with higher serum level of CRP. Compared to the logistic 
regression analysis, PCA logistic regression analysis identified more important risk factors for COPD.
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