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During recent decades, the elevation of workers' health has become the utmost point of concern since it is considered among the primary indicators of economies. The economies, especially the emerging ones, are primarily focusing on every indicator to uplift their businesses. Along with the other aspects, it is also required to assess the impact of Chronic Obstructive Pulmonary Disease (COPD) on workers' health conditions in small- and medium-scale enterprises (SMEs). With this aim, we are presenting a detailed analysis to reveal useful insights regarding the COPD-workers' health nexus. The sample set of 1,008 workers is working in various SMEs in Beijing and Tianjin from September, 2020. The findings infer that a rise in COPD concerning wages will uplift the worker health problems due to COPD affecting worker health. Whereas, the working condition and tools, smoking years, and health safety training have a statistically adverse effect on workers' health concerning wages. The outcomes in terms of insights would be useful for planning future perspectives.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) has a high economic burden for each economy. Soriano et al. (1) reported that COPD becomes the third leading source of death and the sixth source of disability worldwide at the end of 2030. Therefore, COPD outcomes in a high economic burden consist of two costs; direct healthcare expenditure and indirect costs of lost productivity (2). As Woo et al. (3) covered a systematic review of six economies in Asia-Pacific named China, South Korea, Taiwan, Japan, Thailand, and Singapore. They noted that the COPD prevalence rate in Asia-Pacific is 6.2%. Whereas, at the estimates of regional level, prevalence rates ranged from a high of 13.6% in China, 8.2% in South Korea, 7% in Japan, 6.1% in Taiwan, and 5.9% in Singapore to a low of 5.3% in Thailand (4–7). The economic burden of direct costs and indirect costs of each country have the difference, showing that the government offset the high indirect costs via subsidy.

COPD is a medical disease that includes a group of chronic, progressive, and debilitating respiratory conditions, including chronic bronchitis and emphysema. It is the foremost cause of mortality and morbidity globally. It is observed that COPD is the fourth foremost reason for global mortality WHO (8), and its occurrence is anticipated to increase (9). COPD is considered by persistent, progressive airflow limitation and often appeared with a cough and enlarged sputum production. The smoke from industrial toxins and biomass fuels is also problematic risk factors (10). The symptoms of COPD source noteworthy damage to workers' health and quality of life, including breathlessness, physical limitations, and anxiety, resulting in the workers' efficiency in the industry. COPD signifies severe morbidity, and tobacco smoking is the leading source of COPD, and each sector of the industry is affected, especially small- and medium-sized enterprises (SMEs) have also faced problems in various economies.

No doubt, SMEs are considered the backbone of every economy, and the adverse situation of workers' health in SMEs is more alarming. Kawahara et al. (11) reported the information, risk perception, and self-efficacy factors that positively influenced the workers' health in SMEs. Working in SMEs is particularly riskier. Theoretical and empirical literature renowned that the risk of workers' health in SMEs is higher than larger enterprises (12, 13). The literature shows several common factors that can explain the performance of SMEs, and, in particular, of SMEs compared with larger enterprises, for instance, lack of financial resources, absence of workers' representation, and weak commitment of managers (14–16). The fact is that workers' health is one of the main factors of firm performance, and mostly SMEs have issues in workers' health, and COPD significantly disturbs the workers' heath in the industry.

Often, SMEs have more experience of difficulties in workers' health due to scarcer resources and are often less aware than large enterprises of costs experienced due to non-compliance (17). As Economic Census of Japan (2012) reported that 70% of workers are employed in SMEs in Japan, among these workers, larger proportions of health problems have been found in SMEs than those engaged in larger enterprises. A bulk of workers are employed by SMEs (18), which have greater work-related injury and disease rates than larger enterprises (19). SMEs tend to focus on traditional working styles normally and faced hazards (e.g., repetitive motion and chemical exposure and COPD). Lamm (20) and Antonsson et al. (21) observed that SME enterprises have limited resources, are more financially pressured, and have few work-related safety and health programs compared with their large enterprises (22). Owners of SMEs often manage manifold responsibilities, but limited resources and lack of formal training and experience could not focus on health workers (14, 20). Therefore, workers' productivity in SMEs is relatively small compared with large enterprises and difference due to COPD.

A bulk of studies observed that, as Sin et al. (23) suggest, COPD is one of the rapidly growing public health problems globally, although direct costs of COPD are more for the economy, and its severity affected workforce participation. Sullivan et al. (24) assess the economic burden of COPD and estimated the $18 billion annual direct costs of COPD in the USA, although COPD also severely affects the working-age population. COPD has the potential to delay a person's ability to work, leading to lost wages for workers, employers' working hours, and productivity losses. Some empirical studies reported the impact of COPD on workers in the agricultural sector (25–28). A few studies are conducted for worker health at the industrial sector level, for instance, Thompson et al. (29) and Gul et al. (30). Ulvestad et al. (31) reported COPD factors in tunnel workers but could not find the impact of COPD on workers' health. Lim et al. (6) noted the impact of COPD disease in households in the Asia-Pacific region and reported the importance of education in COPD management. While some empirical studies indicate that COPD disparities, trends, and their impacts on workers' health are important among SMEs, it is unclear from the literature how SME owners can manage COPD. Previous literature concludes that COPD has adversely affected workers' health in industrial and agricultural sectors. As for the previous empirical literature, the adverse impact of COPD on workers' health and productivity is not well-known.

However, no empirical research work is conducted on the impact of COPD on workers' health in SMEs in emerging economies. Therefore, this empirical study aimed to examine the concentrations of COPD and its types in the industrial samples (small and medium) of the workers in emerging one's economy and measure its hazardous effects on workers' health. The available health literature on the occupational causes of COPD is vast, but the impact of COPD on workers' health is too limited. However, no study to date has scrutinized COPD impact of workers' health nexus in SMEs to our knowledge. This study has also attempted to explore the determinants of COPD in SMEs. The remaining study is prepared as follows: the next section summarizes the previous literature, and the fourth section presents the methods and econometric analysis. Conclusions and implications are also mentioned in the final section.



LITERATURE REVIEW

It is considered that COPD is one of the leading sources of mortality and morbidity among the adult population worldwide (2). They noted in developed nations that COPD is the most common reason for death after malignancies, cardiovascular diseases, and deaths related to accidents. Also, the ratio of COPD-related deaths in the total deaths is increasing day by day, with the forecast that by 2020, COPD will be the third most common source of death in the world. The highest occurrence was also noted in Africa and the lowest in Germany. COPD-related mortality in Europe varies from 10/100,000 in France, Greece, Spain, and the UK, up to around 40/100,000 in Belgium, Germany, Denmark, Norway, Sweden, Russia, Hungary, and Romania. In Poland, symptoms of chronic damage of airflow have also existed in 4.9% of females and 8.5% of males. The numbers of death vary in each region of the world. Smoking is observed as one of the strongest links with a relative risk of 2.3 in females and 4.3 in males.

A study by Pływaczewski et al. (32) noted that in the high age group between 41 and 72, COPD was more detected in 10.3% of females and 10.9% of males, while the relative share of males is more compared with females. Among smokers, respondents above the age of 40 participate in testing, and 23% had COPD. In 2001, patients related to COPD were 24.2/10,000 for females and 41.9/10,000 for males, while males faced more problems than females. Similarly, in 1999–2000, COPD was the main cause of death in 1.3% of females and 2.6% of males. In the world, the risk factors of COPD in the male are 4.3% and 2.3% in female, as observed by Szczyrek et al. (28).

Air pollution in the home environment is less significant but yet very important. In developing economies, exposure to home-based air pollution, initiated by the use of biomass as fuel for heating and cooking, contributes to the whole COPD morbidity. The burning of biomass is more responsible for COPD as compared with outdoor pollution or smoking. A high occurrence of COPD among non-smoking females in Africa, the Middle East, Asia, and America is considered to be caused by the extensive usage of cooking fuels for biomass (13, 33). Clean air in the working place is also very important especially for work efficiency. Eduard et al. (26) observed that the COPD factors are strongly linked with chronic bronchitis and exposure to hydrogen sulfide, ammonia, and inorganic dust. Research-related agricultural workers (25) considered the prevalence of bronchitis in French dairy farmers and decided that they are at high risk of bronchial obstruction and chronic bronchitis. Similarly, Greskevitch et al. (34) examined the proportional mortality ratios (PMRs) for respiratory conditions among six agricultural sectors, such as crop farmworkers, farm managers, livestock farm workers, forestry, and fishery and landscape and horticultural workers. They also examined prevalence ratios (PRs) for 12 respiratory conditions among two agricultural sectors: agricultural workers and farm managers. Data analysis also revealed that livestock farmworkers and crop farmworkers had significantly raised mortality linked with respiratory conditions. Mortality for hypersensitivity pneumonitis was higher 10–50 times than expected. Whereas, horticultural and landscape workers had also significantly raised mortality for mediastinum and lung abscesses and chronic airway obstruction. Similarly, forestry workers had higher mortality than expected for pneumonia, TB, and chronic airway obstruction. The occurrence of asthma was also higher among smoker's workers.

Likewise, Monsó et al. (27) also found a strong relationship between COPD, endotoxin exposure, and dust. Similarly, Eduard et al. (26) highlighted the issues of agricultural workers and compared the possibility of COPD among livestock farmers and crop farmers. Crop farmers are less likely to suffer from COPD. They also measured the subjects' lung function and their effect of exposure to living agents. Exposure to most of the living agents expected respiratory disease and found a significant impact on human life. Omland et al. (35) found a strong, consistent, and primarily significant link between COPD and occupational exposures across and within industry groups, and they also found risk factors for COPD, such as vapors, dust, gas, and fumes. Lim et al. (6) surveyed the EPIC Asia region and concluded that a high prevalence of COPD in the contributing Asia-Pacific regions shows a substantial social and economic burden of the COPD disease in this region. This study also suggests that patient and physician education can also enhance and improve the health efficiency of employed workers in the region. Similarly, Gershon et al. (36) reported that social and economical are the most influential factors of workers' health. They reported the significant inverse links between socioeconomic and COPD outcomes. Nurmagambetov et al. (37) reported the key sources of mortality and morbidity in the USA. In 2000, they noted that 10.5 million people had faced the problem of COPD, while 7.2 million employed workers were below 65 years of age. While the cost of COPD to workers is too high, the cost could be reduced by providing more outpatient facilities to COPD patients. Kawahara et al. (11) noted that risk perception, self-efficacy, and information regarding COPD are improved in the SMEs' daily-based productivity. Thus, socioeconomic factors are a key source of COPD and also adversely affect the workers' health.



DATA COLLECTION AND COMPUTATIONAL STRATEGY

Beijing, an industrial power, is taken as a case study to explore the impact of COPD on workers' health. It has a significant industrial size and power, and sister city Tianjin, a hub of aerospace, automobile, mobile/cellphones, and energy-related product. The sample set of 1,008 workers is working in various SMEs in Beijing and Tianjin from September, 2020. A closed-ended, Likert 5 scaling, the questionnaire has been distributed online by utilizing the survey monkey platform (https://www.surveymonkey.com/). The questionnaire consists of a set of attributes of workers, i.e., demographic attributes, impact variables, and target binary variable, i.e., a health worker.

Computational tools such as MS Excel, SPSS, and Stata have been utilized to conduct the empirical analysis. The sample set was collected from the target group, SME workers, and requested to accurately fill the demographic attributes, impact variables, and target variables. For this, a bilingual questionnaire, English and Chinese, has been developed to understand SME workers. Accordingly, they can provide a reliable dataset to conduct empirical analysis. Logistic regression, correlation, and frequency distribution analysis have been conducted to explore the linkages among COPD and workers' health, respectively.



MODEL DESCRIPTION

In light of the maximum likelihood estimation approach, this study uses a binary logit regression approach to reveal the nexus of COPD and workers' health. The considered model elaborates whether or not COPD affects the workers' health and pinpoints features of SMEs workers' health. The logistic regression can be stated as:
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where e = natural logarithm base
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In light of the introduction and literature review sections, the present study contributes to estimating the nexus of COPD and workers' health empirically, and its functional form is written as follows:
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In Equation 1.4, WH is workers' health (target variable), whereas COPD is chronic obstructive pulmonary disease and measured by respiratory symptoms, WCT is working condition and tools, SK is smoking, WG is wages, and HS is health safety training. COPD is an impact variable, while WCT, SK, WG, and HS are controlled variables in the estimated model. μi is an error term measuring the extent to which the model cannot fully explain future intentions.



DATA ANALYSIS AND RESULT DISCUSSION


Graphical and Correlation Analysis

The graphical analysis is conducted to reveal age distribution and COPD symptoms within the sample set and subsequently depicted in Figures 1, 2. Around 42 and 34% of workers have coughing during duty hours and breath shortness in working, respectively. It indicates that COPD is damaging the workers' health. As 70% of Japanese workers are employed in SMEs and have larger proportions of health problems as compared with workers in larger enterprises (Economic Census of Japan, 2012), age distribution illustrates that 40% of workers are young and below 30 years old.


[image: Figure 1]
FIGURE 1. COPD symptoms in Chinese SMEs.



[image: Figure 2]
FIGURE 2. Workers' age distribution of Chinese SMEs.


Correlation analysis helps us to examine the associations among concerned variables of the study (see Table 1). Chronic obstructive pulmonary disease is positively associated with workers' health. There is a strongly consistent and most significant link between COPD and occupational exposures across and within industry groups, and they also found risk factors for COPD (35). On the other hand, the working condition and tools (WCT), smoking years (SY), wages (WG), and health safety training (HS) are negatively associated with workers' health. The aforementioned features can improve worker health by skipping smoking, better salaries, and safe training, respectively (13). A high occurrence of COPD among non-smoking females in Africa, the Middle East, Asia, and America are considered to be caused by the extensive usage of cooking fuels for biomass (13, 33). The occurrence of asthma was also higher among smoker's workers (34).


Table 1. Correlations matrix.

[image: Table 1]



Impact Analysis

Based on the maximum likelihood approach, the logistics regression is utilized to tackle the binary nature of the target variable, i.e., workers' health. It is also used to compute the impact of COPD on workers' health of Chinese SMEs. Table 2 represents the marginal estimates of logistics evaluation. The marginal estimates infer that a rise in COPD concerning wages will uplift the workers' health problems due to COPD affecting workers' health. This finding is similar to the study of Omland et al. (35). It also found a strong, consistent, and most significant link between COPD and occupational exposures across and within industry groups, and they also found risk factors for COPD, such as vapors, dust, gas, and fumes (35). The working condition and tools, smoking years, and health safety training have a statistically adverse effect on workers' health concerning wages. An increase in these features decreases the probability of COPD affects the workers' health. Owners of SMEs often manage manifold responsibilities, but limited resources and lack of formal training and experience could not focus on health workers (14).


Table 2. Logistics regression estimates (N = 1,008).

[image: Table 2]

The goodness of fit (GOF) of the estimated model is significant at 1% and infers that estimates are robust and reliable. The link test also affirms the validity of the model by inferring the correct functional form. It concludes that there is no problem with omitted variables and functional form as this study has been conducted using primary data. Therefore, multicollinearity must be addressed to avoid unstable estimates. To tackle this issue, VIF and TOL have been calculated to count the multicollinearity level. If the VIF value equals 10 or more and the tolerance value equals 0.1 or more, it may be essential to be advance examined (38). The estimated values of mean VIF and TOL are fine and fulfilled the acceptable criteria (see Table 2).



Robustness Check: Accuracy and Validity

To affirm the estimates' validity, model accuracy and receiver operating characteristics curve (ROC) analysis have been conducted and reported in Table 3 and Figures 3, 4. Model accuracy has two components; sensitivity and specificity to spotlight the accuracy of the estimated model, which is true positive [Pr (+| D)] and [Pr (–|~D)] negative, respectively. Simply, it can be stated as the proportion of observed positives and negative to be predicted positives and negative, respectively (38, 39). It is a kind of trade-off between sensitivity and specificity. The estimated logistic model is 65.28% correctly specified.


Table 3. Sensitivity and specificity analysis.
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[image: Figure 3]
FIGURE 3. Model validity and accuracy analysis.



[image: Figure 4]
FIGURE 4. ROC analysis.


The ROC or area under the curve (AUROC) is used to measure the validity of the estimated model. Figure 4 illustrates the AUROC and infers 0.6868 values which fall among the acceptable value, i.e., 0.5–1.0 (39). It concludes that AUROC predicted 68.68 percent correctly values.




CONCLUSION

COPD has a high economic burden for each economy. Collaborators (1) reported that COPD becomes the third leading source of death and the sixth source of disability worldwide at the end of 2030. The economies, especially the emerging ones, are primarily focusing on every indicator to uplift their businesses. Along with the other aspects, it is also required to assess the impact of COPD on workers' health conditions in SMEs. With this aim, we are presenting a detailed analysis to reveal valuable insights regarding the COPD workers' health nexus. This study also attempts to explore the determinants of COPD in SMEs. Unlike prevalent precedencies, Probit, logit models, and state-of-the-art econometric approaches are used for region-wise predictive and non-linear analysis.

The marginal estimates infer that a rise in COPD concerning wages will uplift the worker health problems due to COPD affecting worker health. Whereas, the working condition and tools, smoking years, and health safety training have a statistically adverse effect on workers' health concerning wages. However, SMEs have limited resources, are more financially pressured, and have few work-related safety and health programs than their large enterprises.



POLICY IMPLICATIONS

The outcomes of this study can be helpful to devise policies related to labor laws and social welfare. The Chinese SME workers' health can be improved by providing better working conditions and tools and health safety training. Incremental taxation on smoking can also be helpful to improve workers' health. The results of this study will help to develop labor laws and social welfare policies. Through better working conditions and instruments and health protection training, Chinese small- and medium-sized businesses' health can be improved. Increased smoking taxes will also help improve the health of employees.
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