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China owns a huge labor force of around half billion workers in 2018. However, little is known about the prevalence of obesity and the association between obesity and economic status in this special population. By employing the concentration index (CI) and decomposition analysis, this paper addresses this knowledge gap by using the most recent nationally representative dataset. In specific, this study examines the prevalence of obesity and the socioeconomic gradient in the probability of obesity among Chinese workers between 16 and 65. Our results show that the prevalence of obesity is completely different by using a different measure: the overall prevalence of being general obesity (measured by body mass index, BMI ≥ 28) varies by gender and residency from a minimum of 5.88% to a maximum of 9.46%, whereas abdominal obesity (measured by waist circumference, WCmale ≥ 85 cm & WCfemale ≥ 80 cm) prevalence presents a socking level from 64.53% to 67.69%. Moreover, the results show a pro-rich distribution of obesity (general and abdominal) among male workers (CIBMI = 0.112; CIWC = 0.057) and a pro-poor distribution among female workers (CIBMI = −0.141; CIWC = −0.166). We also find that the direction of the contribution of socioeconomic factors to income-related inequalities in obesity differs by gender. These results have substantial implications for the measurement of socioeconomic inequality in adiposity and for improving health-related policies targeting the Chinese labor force.
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INTRODUCTION

Obesity is the most common consequence of overnutrition and has long-term negative health consequences. An increased prevalence of obesity is linked to health risks for numerous non-communicable diseases (NCDs), including cardiovascular diseases, diabetes, and some cancers (1–4). For instance, increased body mass index (BMI) is associated with an increased risk of malignancies caused by alterations in metabolism, insulin levels, and insulin-like growth factors (5). In many developed countries, obesity is a major public health concern and increases the public health burden of NCDs as well as economic costs. According to estimates, the annual medical economic costs of obesity in the United States were over US$140 billion in 2008, and if the prevalence of obesity can be held at 2010 levels, almost US$550 billion in medical costs would be saved by 2030 (4, 6, 7).

The Chinese population has a long history of undernutrition resulting in poor physical and mental health development as well as behavioral abnormalities. Over the last three decades, the Chinese economy has experienced a long period of growth accompanied by a profound transition in the population's lifestyles, wealth, and dietary habits. A wider variety of foods and drinks have become available in the Chinese market, thus increasing rates of consumption of fat-rich and energy-dense foods and sweetened carbonated beverages (8). Over the same period, rapid urbanization and motorization have contributed to decreased rates of physical activity during work and leisure activities (9, 10). Together, these factors have led to a widespread imbalance between energy intake and energy expenditure that has changed the Chinese body weight and composition of nutrition. Consequently, being overweight and obese is becoming increasingly common in both rural and urban areas. The most famous longitudinal study on the Chinese population, the China Health and Nutrition Survey (CHNS), demonstrated that the population's mean BMI has increased over recent decades (11). Specifically, the rates of being overweight and of obesity in Chinese adults were 30.6 and 12.0%, respectively, in 2010 (12).

However, a knowledge gap still exists in the related literature as limited information is available concerning overweight and obese workers in China. Our study contributes to the existing literature in two dimensions. The first contribution of our study is that we applied the most recently available dataset to examine the prevalence of obesity among Chinese workers. To the best of our knowledge, it is the first time to explore the prevalence of both general obesity and abdominal obesity in Chinese workers by using BMI and waist circumference (WC) measures. The majority of studies on obesity have focused on children and the general adult population (4, 13–18). Limited empirical evidence exists on obesity among the labor force, especially in China, which has the largest labor market in the world (19). The existing literature has documented that obesity negatively affects the labor market through two mechanisms. First, the poor health conditions caused by being overweight and by obesity increased rates of absenteeism and presenteeism and, thus, lower the productivity of the labor force (20, 21). Second, workers with higher BMI or perceived overweight-related problems may also be discriminated against by employers, consequently leading to the misallocation of human resources and decreases in workplace productivity (22, 23).

Second, this study provides a useful snapshot of the determinants of socioeconomic gradients in overweight and obesity inequalities. In addition to the prevalence of obesity, we also analyzed socioeconomic gradients by decomposing inequalities in obesity. The factors and processes that affect obesity are multiple and complex, so researchers and policymakers must often understand both the level of the problem and its determinants. A major concern in developed countries is related to the formulation of targeted and effective health policies that mitigate the disproportionate effects of adiposity on people with low incomes or socioeconomic status (SES). The rapid growth of the economy in China has influenced dietary habits, lifestyles, and other health behaviors across different socioeconomic classes.

In China, a few studies have investigated these gradients and the determinants of inequality in BMI-related variables. Using a biased sample, Tafreschi reported that the income-bodyweight gradient changes that have occurred in China from 1991 to 2009 are in line with the reversal hypothesis, which states that in poor or developing societies, obese people tend to be relatively wealthy, whereas in more developed societies, the obese are relatively poor (24). In contrast, our study focuses on a specific population of the workforce using a representative sample, which is an incremental contribution. Although previous study results may only reflect a conditional relationship rather than a causal one, they are meaningful concerning the evolution of socioeconomic health inequalities in China. This is because the shift in higher obesity rates to lower-income individuals may increase the health burden on poor people, thus worsening health inequalities. Another study, using the same dataset, demonstrated that SES is positively related to male BMI and concluded that the relationship between SES and obesity is complicated in China (25). Thus, this paper fills the gap existing in the literature regarding Chinese workers' rates of being overweight, especially in association with their SES.

The paper proceeds as follows: the next section introduces our data, materials, and methods to provide an overview of the employed dataset and a discussion of variables and methodology used in this study. Section three sets out the key results and findings and the final section presents a discussion, outlines the policy implications of the results, and offers concluding points.



METHODS


Data

This study employed the third wave (2016) of the China Labor-force Dynamics Survey (CLDS), a nationally representative dataset launched by Sun Yat-Sen University in 2012, which was the first national longitudinal survey targeted at the Chinese labor force. It offers longitudinal social survey data with rotating panel design, is conducted every 2 years, and has to date accumulated three waves of data. This dataset implements a probability-proportional-to-size sampling strategy. The population size, administrative units, and SES, which was provided by the local Bureau of Statistics, were used as the main stratification variables. The first wave of the CLDS covered 29 provinces/cities/autonomous regions (excluding Hong Kong, Macao, Taiwan, Tibet Autonomous Region, and Hainan Province) with a total number of 16,253 observations. The next two follow-up waves surveyed the same respondents, plus additional respondents, to provide 23,594 and 21,086 observations, respectively. The dataset of the third wave provides both demographic and socioeconomic information, including measures of employment status, income, household assets, and health outcomes. Of particular relevance for this research is that the CLDS not only uses objective health measurements to generate the key independent variables (e.g., BMI and WC) but also uses the employment status as well as the individual after-tax wage from all sources.

A detailed description of this survey can be found in another study (26). So far, two studies have used this data to examine income-related inequality in health variables. One focused on health care utilization and the other investigated the self-rated health of migrant workers (27, 28). Our study used the most recent (the third) wave of the 2016 CLDS with respondents aged between 16 and 65 years who were working or seeking a job from 7,212 households within 400 communities or villages across the nation, providing a total number of 10,267 valid observations suitable for use. Thus, respondents in this study were part of the current labor force, were aged 16–65 years, and comprised 5,288 males and 4,979 females.



Dependent and Independent Variables

The first dependent variable in this study was BMI, a widely used general obesity indicator, which is calculated as weight in kilograms divided by the square of height in meters. Another obesity indicator is WC measuring individual waist circumference, which was used in many previous studies as abdominal obesity (20, 29, 30). According to the recommended criteria for Asian and Chinese people (14, 20, 29–31), a BMI of ≥ 28 kg/m2 indicates general obesity for both sexes. Regard to the abdominal obesity, we defined respondents' WC of ≥ 85 cm, and WC ≥ 80 cm was considered as abdominal obesity for males and females, respectively. We recoded the continuous indicator BMI and WC into two respective binary health outcomes with a value of 1 indicating being obese (BMI ≥ 28 kg/m2; WC of ≥ 85 cm for male and WC ≥ 80 cm for female) and a value of 0 indicating otherwise (BMI < 28 kg/m2; WC of < 85 cm for male and WC < 80 cm for female).

Independent variables comprised of individual after-tax wage, age, gender, health indicators, educational level, marital status, migrant status, region, insurance status, work status, and lifestyle. The key independent variable in this study was the individual after-tax wage, which was used as a measure of individual economic status to analyze the inequality. Its natural logarithm value was employed in the empirical model to examine its effect on BMI and WC. This study also used a binary health outcome of self-rated health (0 = poor; 1 = good) to control the unobserved confounding effects on one's BMI and WC. Education level was coded as primary or below, junior secondary, senior secondary or vocational, and junior college and above. Marital status was classified as single/divorced/widowed, and currently married or cohabits. Previous studies have indicated that the living environment, working situation, and personal lifestyle may affect one's BMI and WC. Thus, we controlled for the migrant effect with four dichotomous variables comprising whether the respondents' migrant statuses were migrant (0 = N; 1 = Y), non-agricultural Hukou (0 = N; 1 = Y), or urban residence (0 = rural; 1 = urban) and if the respondents were located in the south part of China (0 = north; 1 = south). Three types of binary insurance status variables were controlled for medical, retirement, and other types of insurance. Work status was divided into five groups: seeking or willing to seek a job (current not working), employee, employer, self-employed, and agricultural work. The last set of control variables-lifestyle, comprised three binary variables of whether respondents were currently smoking, drinking and participating in physical activities in the past month, with a value of 1 indicating “Yes” and 0 indicating “otherwise.”



Inequality Measurement

We constructed a concentration curve to illustrate income inequality in the probability of being obese and to calculate the concentration index (CI) to calibrate the degree and significance of income-related inequality regarding the probability of obesity. A concentration curve lying below the line of absolute equality (the 45-degree line) indicated that obesity was concentrated among richer workers, whereas a concentration curve that lies above the line indicates that obesity was concentrated among poorer workers (32). To estimate the degree and significance of inequality, we used a CI that denoted differences in obesity according to individual economic status (32). However, normalization is required because the dependent variables in this study are a binary outcome (e.g., whether the respondent was obese or not), so that the concentration index is quantified in the range −1 to +1. We employ the Wagstaff-normalization-CI not only because it has a greater emphasis on relative inequality, but also as it tends to work better for the low-frequency binary outcome (33). The Wagstaff-normalization-CI can be demonstrated by the following:
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where CIn denotes the Wagstaff-normalization-CI for the probability of being obese (BMI ≥ 28 kg/m2 for both sexes, or WC of ≥ 85 cm for male and WC ≥ 80 cm for female) ranging between −1 (perfect pro-poor inequality) and 1 (perfect pro-rich inequality). The CI was calculated using the covariance between the probability of being obese and the fractional rank of the individual's after-tax wage. Variable Hi is a binary variable indicating whether the ith individual was obese or not, μ stands for the mean rate of actually being obese for the sample, Ri is the fractional rank of the ith individual according to his or her after-tax wage, for example, i = 1 for the respondent at the bottom of the income distribution (the poorest) and i = N for those at the top (the richest). Covw is the covariance with sampling probability weights, which was provided by the CLDS (34, 35). The 95% confidence intervals for the CIs and associated p-values were obtained using the delta method (34, 36, 37). Therefore, a CI significantly smaller than 0 indicated that the greatest proportion of obesity exists among the poorest workers (or we can say poorer individuals were more likely to be obese), namely ‘pro-poor' obesity inequality, whereas a CI significantly >0 indicated that the greatest proportion of obesity exists among the richest workers (or obesity rates occurred more within wealthier individuals), namely ‘pro-rich' obesity inequality (34, 35, 38). We also plotted concentration curves and calculated CIs according to gender subsamples to investigate any related gender differences.



Decomposition of Inequality in Obesity

In the final stage of the analysis, we conducted a decomposition analysis, following previous studies, to assess the extent to which factors contribute to inequality in the probability of obesity (32, 38–40). Decomposing obesity inequality into the contributions of various explanatory factors was straightforward. According to previously published studies, one's obesity status is not only influenced by demographic factors but also by one's social and cultural environment as well as individual economic status. These factors were classified into 10 main groups: 1) demographic factors (age, gender and self-rated health, etc.); 2) educational level (primary or below, junior secondary, senior secondary or vocational, and junior college and above); 3) marital status (single/ divorced/widowed and currently married or cohabiting); 4) immigrant status (migrant and resident register: Hukou status); 5) residency status (rural or urban); 6) regional status (southern or northern China); 7) insurance status (presence of medical insurance, retirement and other insurance); 8) work status (current not working but seeking a job, employee, employer, self-employed, or agricultural worker); 9) lifestyle (whether smoking, drinking, and participated in physical activities in the past month); and 10) individual after-tax wage in the past year. Because the dependent variable was a binary factor with a value between 0 and 1 (BMI and WC), we employed non-linear approximation rather than a linear method (41). Two advantages exist to using this method: (1) the approximation error of a nonlinear model tends to be smaller and (2) compared with linear decomposition, non-linear decomposition more accurately represents partial contributions. The non-linear approximation of a probit model with partial effects evaluated at means can be expressed as follows:
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where HBMIorWC is the obesity indicator(s) defined above; am is the intercept; Xij and Zik refer to the jth demographic factors (age, gender, and another health indicator, etc.) and kth socioeconomic factors (education, marital status, migrant status, residency, region, insurance status, work status, and lifestyle) of the ith individual, respectively; yi denotes individual economic status (measured as the logarithm of individual after-tax wage in the past year); and εi is the error term including approximation errors (35). Additionally, [image: image], [image: image], and δm are the marginal effects for the aforementioned factors, dh/dxj, dh/dzk, and dh/dy of each demographic (x), socioeconomics (z), and individual economic factor (y), respectively, evaluated at sample means. Given Eqs. (1) and (2), the CI can be expressed as follows:
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where μ is the mean of HBMIorWC. By employing Eq. (1) and adjusting it according to Wagstaff's method (33), Cy, Cj, and Ck denote the CI of yi, xj, and zk, respectively. GCε represents the generalized CI of the error term ε. Additionally, y is the mean individual after-tax wage and [image: image] and [image: image] represent the means of the demographic and socioeconomic factors, respectively. Moreover, the products [image: image], [image: image], and [image: image] are the contribution of demographic factor j, socioeconomics k, and individual wage y to the actual concentration index (CI), respectively. A CI was estimated for each of the factors, along with important and percentage contributions to the inequality in the probability of being obese (CIBMIorWC). A positive (negative) contribution indicated that the given factor operated toward a pro-rich (pro-poor) distribution of being obese. We decomposed the CI for the probability of being obese according to the probit model with sample weight applied. Each CI was decomposed into the partial contributions of demographic, educational, marital, migrant, residency, insurance, work, lifestyle, and individual wage factors. Statistical software Stata version 15.1 was used for the analysis.




RESULTS


Descriptive Results

Table 1 summarizes the characteristics of the individuals surveyed by the CLDS 2016. There were 10,267 valid respondents for this study. Overall, ~7.3% of the total labor force in China was diagnosed as general obesity, while 44.2% of the sample was diagnosed as abdominal obesity. Specifically, we find that female workers had significantly (p < 0.001) lower rates of general obesity (6.4%) than male workers (8.2%). Although the result shows that female workers had slightly higher rates (44.9%) of abdominal obesity than male workers (43.4%), it is statistical insignificance (p = 0.237). The above results imply that the measures used for obesity analysis matter and it could result in a completely different conclusion (20, 29, 30). Moreover, we find a piece of preliminary evidence that there is a huge gender wage gap as the mean of individual after-tax wage reveals that male workers have a significantly higher income (26,124.98 Yuan) than female workers (17,190.34 Yuan), and t-test results showed that this difference is statistical significance. We observe a similar pattern for most of the other variables except the rate of public social welfare status (i.e., medical and retirement insurance status), as listed in Table 1, indicating a significant difference among the majority factors between female and male workers in China.


Table 1. Variable statistics description, full, female, and male samplesa.
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Prevalence of Obesity Among Workers by Gender

In Table 2, the age-adjusted prevalence of being overweight and of obesity, as well as their 95% confidence intervals, are presented as totals and by gender for both rural and urban areas. Both BMI and WC measures are listed. All estimates were calculated using a weighting variable to accurately represent the working population of China; thus, the estimates were made to represent China's 454.2 million workers, comprising 218.2 million females and 236.0 million males. Table 2 shows that the prevalence of being general overweight (BMI ≥ 28 kg/m2) among the labor force was 21.98% (rural) and 24.8% (urban), whereas the prevalence of general obesity among workers was 6.265% (rural) and 8.153% (urban). Both results imply that urban workers were more likely to be obese than rural workers. In terms of the results of overall rates of abdominal overweight among Chinese workers were 19.38% (rural) and 17.19% (urban), while 64.53% (rural) and 67.69% (urban) were diagnosed as abdominal obesity. The above results not only reconfirmed that different obesity indicators produce completely different conclusions, but also pointed out that one-fifth of the labor force in China is overweight, which may be related to the rapid development of China's economic and living standard as well as the increased total caloric intake in the past decades (24).


Table 2. Prevalence of being overweight and of obesity among workers by residency.
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Inequality and Decomposition Analysis

Figure 1 displays the concentration curves for the probability of being general obese (BMI ≥ 28) and abdominal obese (WC ≥ 80, F; WC ≥ 85, M) for the total, male, and female workers. We did not observe any significant pro-rich or pro-poor distribution of general obesity in the overall (total) labor force population when considering the BMI measures. However, a significant pro-rich distribution was observed in male workers (CI = 0.112, p < 0.001). By contrast, a pro-poor distribution was observed in female workers (CI = −0.141, p < 0.01) with a slightly larger CI value than existed for males (|−0.141| > |0.112|). The aforementioned results showed that the probability of being general obese is biased toward wealthier male workers, whereas poorer female workers are more likely to be general obese. Regarding the WC measures, the result shows that a slightly significant pro-poor distribution of abdominal obesity (CI = −0.043, p < 0.1) in the overall labor forces. Specifically, as same as the BMI measures, we also divided into male and female subsamples, and the result shows a significant pro-rich (CI = 0.059, p < 0.1) and a pro-poor (CI = −0.166, p < 0.001) distribution in male workers and female workers, respectively. In summary, we employed both BMI and WC to measure respondent obesity status and their particular relation with individual after-tax wage, even though the values of CIs are different, the results show that the income-related obesity distribution of male worker presents a pro-rich distribution, while for the female worker a pro-poor distribution is shown. The result suggests that male workers with higher incomes are more likely to become obese, and conversely, female workers with lower incomes are more likely to become obese.


[image: Figure 1]
FIGURE 1. Concentration curve for the probability of being general or abdominal obese (BMI ≥ 28; WC≥80 for females or WC≥85 for males) by total, female, and male works, China, 2016. X-axis represents the cumulative population proportion, ranked by individual annual after-tax wage; respondents are labor forces aged 16–65 in China and results are adjusted by sampling weights.


Table 3 lists the detailed contributions of all factors to inequality in the probability of being obese for male and female workers in China. A positive (negative) partial contribution indicates that the factor increases (decreases) the total inequality in income-related obesity (CIBMI or CIWC), with positive (negative) percentages indicating increases (decreases) in percentages. We observe that individual economic status (logarithmic transferred individual after-tax wage in the past year) played a key role for pro-rich general obesity in males (77.68%) and played a similar role for pro-poor distribution in females (41.56%). However, its percentage contribution decreases significantly in the abdominal obese measures for both male workers (12.13%) and female workers (37.37%). We also find that being educated to the senior secondary or vocational and above contributed to a pro-poor probability of being obese, which was most pronounced for female workers in both generals (15.72 and 36.88%) and abdominal (9.43 and 40.86%) obesity. However, the educational factors were less of a contributing factor and played an opposite direction for male workers (from a minimum |−0.702| to a maximum |−21.06|). Moreover, some contributing factors displayed different roles for female and male workers since their CI curves operate the opposite distribution. For instance, another contributor to increased income-related inequality in general and abdominal obesity was region status for female respondents (south China, 14.99 and 7.510%), whereas this factor was decreased the income-related inequality in both obesity indexes and more influential for male workers (south China, −26.20 and −49.85%), implying that the male labor forces who were living in the south part of China play a significant role in declining the pre-rich income-related obesity distribution. In addition, one's employment status, such as being an employee, was the main contributor for both male and female respondents in general obesity (44.25 and 54.78%) but contributed less to abdominal obesity (16.80 and 7.0%). However, the results show that involvement in agriculture work decreases the income-related (general and abdominal) obesity inequality in both male and female workers, especially for female workers (−40.13 and −31.92%). Similar results with variations (positive or negative contributions) were also observed in the other group of variables, such as other migrant status indicators, insurance status indicators, and lifestyle, etc. The details are listed in Table 3.


Table 3. Detailed contributions to inequality in the probability of being obese by demographic and socioeconomic factors, and female and male labor forces.
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Figure 2 is a graphical depiction of inequality in income-related general and abdominal obesity decomposed into 11 determinants. The results are separated by gender as per Table 3, and the determinants comprise demographics (age, gender, and health indicators), educational level, marital status, migrant status, residency status, region, insurance status, working status, lifestyle, individual economic status (wage), and residual terms. Figure 2 indicates that inequality was considerably higher for females than for males, as same as results shown in Figure 1 and Table 3.
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FIGURE 2. Contributions of Demographic and socioeconomic factors to CI for the probability of obesity (BMI ≥ 28; WC ≥ 80 for females or WC ≥ 85 for males) in China by female and male workers.


Figure 2 suggests that demographic factors contributed the least to the income-related inequality in general and abdominal obesity among female and male workers. In addition, as same as listed in Table 3, this indicates that individual economic status and other socioeconomics factors were the main contributors to the income-related inequality in general and abdominal obesity for both female and male workers. However, some factors were associated with increased inequality in income-related obesity for male workers but with decreased inequality for females. Other socioeconomics contributors, such as insurance, immigrant status, work status, education level, work status, residency status, lifestyle, and region were also drivers of this difference. Specifically, for the female subsample, contributors such as immigrant, insurance and residency statuses accounted for reducing the pro-poor concentration of general obesity, whereas the other contributors, especial educational level, work status, wage, and unexplainable factors (residuals) operated to increase the pro-poor concentration in general obesity. For males, the distribution of pro-rich general obesity was driven by factors of residency, work status, lifestyle, and individual economic status. However, the contribution of education, immigrant, region, insurance, and marital status factors reduced the pro-rich inequality in general obesity. We can find a similar result but with some differences in abdominal obesity among male and female subsample, respectively.




DISCUSSION

This paper reveals the fact that the overall prevalence of being overweight and obesity in China is at a high-level as a developing country. The overall prevalence of being general obesity (measured by BMI) varies by gender and residency from a minimum of 5.88% to a maximum of 9.46%. In contrast, abdominal obesity (measured by WC) prevalence presents a socking level from 64.53 to 67.69%. Our study is consistent with another study that also revealed the prevalence of overweight and obesity varies greatly among different population subgroups (42). We find that there is significant income-related inequality in general and abdominal obesity thresholds for both female and male workers in China. The lower-income female workers are more likely to experience obesity than the richer female workers, whereas wealthier male workers are more likely to be obese than poorer male workers. We also noticed that the different effects for male and female workers counteract each other, thus, the overall result of the Chinese labor force does not show any pro-rich or pro-poor concentrations of income-related inequality regarding the probability of general obesity, but our result presents that there are slightly significant pro-poor concentrations of income-related inequality in abdominal obesity among all Chinese labor forces.

Additionally, the decomposition analysis revealed that educational level and individual after-tax wage in the past year were the main contributors to inequality in general and abdominal obesity for females, whereas working status, income, and lifestyle were the main contributors to inequality in general and abdominal obesity for males. Moreover, contributors to income-related obesity inequality, such as immigrant, insurance and residency statuses, were determined to reduce the pro-poor concentration of general obesity in female workers. These two factors also decreased the pro-rich concentration of general obesity in males. The aforementioned results may indicate that, besides income level, other social factors such as educational level, immigrant and insurance statuses contributed to the general and abdominal obesity inequality significantly.

Our study represents one of the first attempts to characterize the association between obesity and socioeconomic parameters in the Chinese working population. Previous studies from other countries, such as the United States, have highlighted the medical costs and loss of productivity caused by increased rates of being overweight and obesity and have estimated that the aggregated annual cost attributable to obesity among full-time employees is US$73.1 billion (6, 43). Numerous studies have shown that obesity or being overweight among workers may cause adverse occupational consequences such as absenteeism and presenteeism, work limitations, and workplace impairment (44–46). Future studies should explore possible reasons that the labor force, which was the target population in our study, is disproportionately affected by central adiposity. Moreover, a large proportion of the working population was observed to be overweight or pre-obese, whereas the prevalence of obesity was considerably lower. This significant distinction between being overweight and being obese may indicate rapid growth in obesity in workers, rather than being an indicator of the validity of the cut-off point concerning defined body fat.

The inequalities in obesity for men were moderately less than those for women. This finding is consistent with a related theory about income and obesity (47). A related study also reported a significant pro-rich inequality for females (48), which is inconsistent with our results, indicating a pro-poor distribution among female workers. Our findings might be attributed to two factors. The first is that rich female workers might engage more in fitness-related activities and the second is that poor female workers might have an excessive intake of total carbohydrates.

Additionally, the decomposition analysis also indicated that individual income and education were the main explanatory factors of both general and abdominal obese inequality, especially for females. The possible explanation for these two significant factors might be contributed by the “one-child” policy, which to improve the educational attainment and earnings of Chinese females in the past decades, or the so-called “missing girls' effect” (49, 50). Moreover, a recent report shows that the percentage of females enrolled in masters-level postgraduate programs increased from 50.36% in 2010 to 53.14% in 2016, while the percentage of females enrolled in undergraduate programs increased from 49.68% in 2010 to 53.44% in 2016 (51). Considering our observed samples are mainly from the latest labor force in 2016, which means that they were born in the 80s and 90s–the “one-child” policy generation. It is also explaining why the educational level at junior college and above among female workers is greater than male workers as Table 1 shows. Therefore, compared with male workers, education plays a more important role in reducing obesity income-related inequality among female workers. Our results are also in line with those of previous studies that have indicated how income and educational attainment strongly related to levels of obesity (52). Other factors, such as working status and lifestyle, were evident contributors to inequality in obesity for male workers. It is possible as different work status and lifestyle has been proved that strongly correlated with one's weight, especial for males (53, 54). In addition, there is a related paper revealed that a majority of the social gradient concerning health inequality could be explained by the work environment and lifestyle factors (55).

This study also has a couple of limitations. First, two binary obesity indicators measured using BMI and WC may not completely present all aspects of human obesity index in the labor force (18). For example, BMI and WC do not estimate lean muscle mass. However, an advantage is that both BMI and WC are highly correlated with body fat percentage and is widely used to define obesity. Second, although the CI has been widely applied in the measurements of inequality (56), intense debate exists concerning the characteristics and value judgments of this index's spectrum (57, 58). Nevertheless, no consensus exists about the indicators that should be used to evaluate inequalities in health or health-related lifestyle (59). Third, our study presented evidence of correlation instead of causality. Finally, our data is limited to the Chinese labor force, which we considered important as it accounts for around one-fifth of the world's labor force.



CONCLUSION

To summarize, this study is the first to describe the prevalence of overweight and obesity in the Chinese labor force. Our research is relevant because we focused on the population group that is most crucial to productivity and economic development. The results also have substantial implications for the measurement of socioeconomic inequalities in adiposity. For example, income factors play opposite roles in contributing to inequalities in obesity between female and male labor forces in China. Educational level, however, plays a significant role in decreasing the obesity income-related inequality for both sexes, especially for female workers. The possible reason could be contributed by the “one-child” policy or the so-called “missing girls' effect.” Apart from individual income, education, and lifestyle, we observe that work-related factors, such as work status, contribute to inequality in obesity. For health policymakers, understanding the determinants of being overweight and of obesity may help in designing interventions that promote health and fitness and, consequently, improve associated labor outcomes.
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