Abstract

Rapid urbanization has lead to many health-related problems in China, and the increasing prevalence of overweight is one of the greatest threats to public health. Although previous literature has documented a link between urbanization and the prevalence of overweight in developing countries such as China, little research has been done to investigate the role of lifestyle in mediating the effect of urbanization on individuals' risk of overweight. To bridge this knowledge gap, this study aims to examine the impacts of urbanization on individuals' odds of overweight and explore the mediating effect of lifestyle choices using data from 2016 China Labor-Force Dynamics Survey. Results show that the effect of urbanization on being overweight has two sides. Specifically, while urbanization results in a sedentary lifestyle, which increases the risk of being overweight, the urbanization rate weakens the effect of eating out frequently on being overweight and strengthens the influence of physical exercise on being overweight. Urbanization has negative and positive effects on residents’ risk of being overweight through the mediating and moderating factor of lifestyle in China.
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1. Introduction

Overweight and obesity can increase the risk for diabetes (Egede and Zheng, 2002; McPherson, 2014), cardiovascular disease (Egede and Zheng, 2002), different kinds of cancer (Vainio et al., 2002), and mortality (Solomon and Manson, 1997). Overweight has become a serious health-related problem around the world (McPherson, 2014). In China, the proportion of overweight among adults increased from 22.8% to 30.1% between 2002 and 2012 (NHFPC, 2015). Overweight is a rising threat to Chinese residents over time.

Previous studies have found that the effect of urbanization on residents’ health is complex and inconsistent (Gong et al., 2012; Van de Poel et al., 2012; Chen et al., 2013; 2015; Chen et al., 2014; Chen et al., 2017a). The process of urbanization may have both beneficial effects and detrimental effects on residents’ health through changes in lifestyle (Li et al., 2016; Miao and Wu, 2016; Chen et al., 2017b; Wang et al., 2018). In terms of overweight, previous literature has found that urbanization is related to a lower risk of overweight in some developed countries, including Canada (Ismailov and Leatherdale, 2010) and America (Liu et al., 2008; Popkin, 1999), while it is related to a higher risk of overweight in other developing countries, such as the Gambia and India (Popkin, 1999; Siervo et al., 2006; Goryakin and Suhrcke, 2014; Zhang et al., 2014). This inconsistent result may be due to the fact that urbanization increases residents’ health-related knowledge in developed countries, therefore enabling people to adopt a healthier lifestyle (Popkin, 1999). In contrast, rapid urbanization in developing countries normally enables people to have more choices regarding their lifestyle. In this case, without a substantial increase in health-related knowledge, people may eventually indulge in an unhealthy lifestyle and therefore be exposed to the risk of overweight more than ever before (Popkin, 1999). 

Although China is still a developing country, it has experienced the process of urbanization at an unprecedented rate over the past 40 years and nowadays is the second largest economy in the world. People in China may have developed both healthy and unhealthy lifestyles as those in developed and developing countries during the process of urbanization. However, only a handful of studies has explored the effect of urbanization on the risk of being overweight in China. Moreover, these studies have generated inconsistent results, and it is still unclear whether the effect of urbanization on residents’ likelihood of overweight is mediated by their lifestyle in China. In addition, previous empirical research into this issue has been based on data collected in a particular city or a particular province (Zhang et al., 2014; Sun and Yin, 2018), and little research has been conducted to examine the link between urbanization and the risk of overweight at the nationwide scale. Therefore, the present study attempted to fill these gaps by using survey data from a nationally representative sample in China and by exploring the mediation effect of lifestyle on the relationship between urbanization and residents’ risk of overweight. 

2. Literature review 

2.1 urbanization and overweight

A plethora of studies has demonstrated that there is a negative association between the rates of urbanization and the likelihood of obesity and overweight in developed countries (Popkin, 1999; Liu et al., 2008; Ismailov and Leatherdale, 2010; Koohsari et al., 2013) For example, Ismailov and Leatherdale (2010) found that people living in cities with higher urbanization rate have a lower prevalence of overweight in Ontario. Liu et al. (2008) also noted that an overweight status was less prevalent among residents living in more urbanized areas although they performed fewer physical activities. However, as shown in the more recent literature, this is not the case in developing countries (Popkin, 1999; Siervo et al., 2006; Goryakin and Suhrcke, 2014; Zhang et al., 2014; Goli et al., 2011). For instance, Siervo et al. (2006) pointed out that urbanization increases the prevalence of overweight in Gambia due to social and behavioural changes. Lindström (2008) also found that people living in more urbanized areas have a higher risk of being overweight because of their travel behaviours. At the heart of this literature is a rapid transition in lifestyle in rapidly urbanising areas. 

Although a large number of studies has documented the health penalty of urbanization in China (Van de Poel et al., 2012; Chen et al., 2013; 2015; Chen et al., 2014; Li et al., 2016; Chen et al., 2017a; Chen et al., 2017b), little attention has been paid to the relationship between urbanization and overweight (Zhang et al., 2014; Sun and Yin, 2018). A handful of studies has yielded inconsistent results in this regard. For example, Sun and Yin (2018) found that residents living in areas with a higher population density were less likely to have a risk of being overweight in eastern China. Zhang et al. (2014) observed the contrary results that children and adolescents have a higher risk of being overweight in more urbanized areas in Shandong Province. It is noteworthy that these studies tended to be based on data collected in particular regions instead of in the whole country. 

2.2 Lifestyle as a mechanism

Previous studies have delved into the mechanism through which urbanization influences the residents’ health outcomes (Popkin, 1999; Siervo et al., 2006; Liu et al., 2008; Ismailov and Leatherdale, 2010; Goryakin and Suhrcke, 2014; Zhang et al., 2014; Miao and Wu, 2016). The health lifestyle theory proposes that urbanization may reshape people's lifestyles, because people living in more urbanized areas are more likely to be exposed to various choices of lifestyle (Popkin, 1999; Cockerham, 2005; Danaei et al., 2013). Previous studies show that lifestyle changes associated with urbanization increase or decrease people’s risk of being overweight in the following ways. First, people living in more urbanized areas are more likely to choose motorized travel modes than those living in less urbanized areas because they are not only safer and more convenient but it is also more affordable for urban residents to travel in cars (Lindström, 2008). As driving instead of walking may decrease one’s physical exertion, residents of more urbanized areas are more likely to have a sedentary lifestyle due to the frequent use of cars (Frank et al., 2007; Lindström, 2008). Second, the pace of life increases with urbanization, and people living in more urbanized areas are more apt to eat outside instead of cooking for themselves. For this reason, urbanization may increase residents’ intake of calories and consequently increase the risk of obesity and overweight (Mendez et al., 2005; Rosenheck, 2010; Goryakin and Suhrcke, 2014). Third, urbanization leads to decreases in occupational physical activities; thus, the residents’ likelihood of overweight increases (Finkelstein et al., 2005; Pressler et al., 2010; Boyle et al., 2011). Finally, sedentary recreational activities, such as playing computer games, are more popular in urbanized areas, and urbanization may increase the risk of being overweight by reducing residents’ physical exercise time (Lopez and Hynes, 2006; Joens‐Matre et al., 2010). 

Previous studies have also indicated that lifestyle could be a bridge between urbanization and health outcomes in China (Xu et al., 2010; Bell, Ge and Popkin, 2012; Xu, Short and Liu, 2013; Miao and Wu, 2016). For instance, Miao et al. (2016) found that urbanization increased the prevalence of chronic diseases by decreasing residents’ physical exercise time. Xu et al. (2010) also found that children living in more urbanized areas had a higher rate of overweight than those living in less urbanized areas in China, because the former group spent less time on physical activities than the latter group. Thus, lifestyle could be a potential link between urbanization and health outcomes in China, but whether different lifestyles are also bridges between urbanization and overweight in China still needs to be studied more.

2.3 Research objectives

Existing studies have provided confirmative evidence for the relationship between urbanization, lifestyle, and overweight (Popkin, 1999; Siervo et al., 2006; Liu et al., 2008; Ismailov and Leatherdale, 2010; Goryakin and Suhrcke, 2014). However, few studies have been devoted to investigating the effect of urbanization on residents’ overweight in China. Overweight symptom is influenced by both energy intake and consumption
, but few studies have investigated the mediating role of the lifestyle-related energy intake and consumption behaviors between urbanization and overweight especially in developing countries. China is a spatially differentiated country, in which the association between urbanization and overweight is assumed to vary across regions. Thus, this study mainly focused on the following research questions : (1) to what extent are the urbanization rates associated with the likelihood of overweight in China? (2) What role does the lifestyles play in mediating the relationship between urbanization and overweight? (3) Does the relationship between choice of lifestyle and the odds of overweight vary according to the urbanization rates? 

To answer the above questions, this study aimed to examine the extent to which urbanization 
affects residents’ incidence of overweight and whether lifestyle-related energy intake and consumption behaviors are mechanisms through which
 urbanization influences their odds of overweight using a nationally representative cross-sectional data set in China. The conceptual framework 
of this study is shown in Figure 1. This research improves our understanding of existing knowledge in three respects: first, it improves our understanding of the effect of the urbanization gradient on the odds of overweight in China. Furthermore, it offers a deeper understanding of the mechanism of the urbanization–overweight relationship by examining whether lifestyle-related energy intake and consumption behaviors can be a bridge between urbanization and overweight problems. Third, it extends our knowledge of how urbanization moderates the relationship between lifestyle-related energy intake and consumption behaviors and overweight in China.

<Figure 1 about here>
3. Methods and materials

3.1 Data 

This research used individual data from the 2016 China Labor-Force Dynamics Survey (CLDS). The CLDS was conducted by the Center for Social Science Survey in Sun Yat-Sen University in cooperation with 27 higher education institutions in China (CLDS, 2017). Respondents were selected using a probability-proportional-to-size sampling method. First , 158 city-level divisions from 29 provinces were randomly chosen. In the second stage, 401 neighbourhoods (including both urban neighbourhoods and rural neighbourhoods) from the city-level divisions were randomly selected. In the third stage, an average of 35 households was randomly selected from the sampled urban or rural neighbourhoods. The fourth stage involved the selection of all household members aged between 15 and 64 years and members aged above 64 years who were still employed. We excluded sample members whose essential information was missing. As not all respondents provided their height and weight information, we excluded observations with omitted information; as such, the final data set included 18,136 individuals with sufficient data nested within 342 neighbourhoods that were nested within 148 cities. In addition, data of the urbanization rates were based on the China City Statistical Yearbooks. This study is exempt from ethics approval as it is a secondary data analysis.
3.2 Measurement of variables

3.2.1 Dependent variable

Weight and height were medically examined in the CLDS. Body mass index (BMI) was calculated as the ratio of body weight to height squared ([image: image5.wmf]2
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). According to the ‘nutrition improvement work management method’ enacted by the National Health and Family Planning Commission of the People’s Republic of China, overweight is defined as a BMI ≥ 24
3.2.2 Independent variables

urbanization

The city-level proportion of the urban population to the total population was used to measure the urbanization rate level, as employed in existing literature (Chen et al., 2013; 2015; Chen et al., 2014; Chen et al., 2017a). 

Lifestyle

Four factors associated with lifestyle choices were considered in this study: transportation mode (motorized traveller), eating habits (frequency of eating out), frequency of physical labour during work time, and weekly physical exercise time. These lifestyle choices have been found to be associated with the likelihood of being overweight (i.e. Siervo et al., 2006; Lindström, 2008; Kwate et al., 2009; Xu et al., 2010; Frank et al., 2013; Xu, Short and Liu, 2013; Goryakin and Suhrcke, 2014). First, those who owned a car were defined as motorized travellers (‘motorized travellers’ =1, ‘others’ = 0). Second, the respondents’ frequency of eating out was collected based on the individuals’ responses to two questions about ‘the frequency of eating out on weekdays’ and ‘the frequency of eating out at the weekend’ (‘never’ = 1, ‘seldom’ = 2, ‘sometimes’ = 3, ‘often’ = 4, and ‘always’ = 5). The frequency of eating out was computed as the sum of the outcomes of these two questions. In addition, the frequency of physical labour was measured based on a question about ‘the frequency of moving your body frequently in your daily working time’. Responses to this question had four categories (‘never’ = 1, ‘seldom’ =2, ‘often’ = 3, and ‘always’ = 4; unemployed respondents were assigned the value of 1). Lastly, weekly physical exercise time was measured based on the respondents’ estimation of the minutes spent performing physical exercise per week.

3.2.3 Control variables
We also controlled some individual-level demographic variables including gender, age, marital status, living area, educational attainment, hukou status, employment status, smoking history, drinking history, medical insurance status, physical status, average annual household income per household member (in logarithmic form), and average annual neighbourhood income per neighbourhood resident (in logarithmic form). All of the descriptive statistics are presented in Table 1.

<Table 1 about here>
3.3 Statistical analyses

As our data had a hierarchical structure, multilevel regressions were used to examine the associations between urbanization, lifestyle choices, and the likelihood of being overweight. In the models, 18,136 individuals at Level 1 were nested within 342 neighbourhoods at Level 2, which were nested within 148 cities at Level 3. We used mediation analysis to explore the mechanism by which urbanization affects the likelihood of being overweight through four mediators related to the choice of lifestyle (i.e. transportation modes, eating habits, frequency of physical labour, and physical exercise). We employed a stepwise approach to test the existence of the mediation effect (Baron and Kenny, 1986; Raudenbush and Bryk, 2002). First, we estimated the association between urbanization and the choice of lifestyle using multilevel logistic regressions (Model 1). Second, we regressed overweight on the rates of urbanization without the inclusion of lifestyle choices (Model 2a). Third, we regressed overweight on the rates of urbanization along with the mediators of the lifestyle choices (Models 2b, 2c, and 2d). The analyses were performed by Stata 14.1 (StataCorp., College Station, TX, USA) using the ‘melogit’ and ‘mixed’ commands.

4. Results 

4.1 The effect of urbanization on lifestyle choices

Table 2 illustrates the results of urbanization on respondents’ lifestyles. Model 1a showed that the odds of respondents’ using motorized travel increased with the urbanization rate (odds ratio [OR] = 1.525, 95% confidence interval [CI]: 1.519–3.235), which indicates that residents living in more urbanized areas in China are more likely to choose motorized travel. Model 1b showed that the frequency of respondents eating out increased with the urbanization rate (coefficient = 0.909, standard error = 0.205). In addition, the respondents’ frequency of physical labour decreased with the urbanization rate (Model 1c) (coefficient = -4.510, standard error = 0.218). Interestingly, Model 1d demonstrated that the respondents’ weekly physical exercise time decreased with the urbanization rate (coefficient = -0.905, standard error = 0.339). Therefore, the evidence suggests that residents living in more urbanized areas in China adopt an unhealthier lifestyle.

<Table 2 about here>
4.2 The relationship between urbanization, lifestyle choices, and overweight 

Table 3 displays the results of urbanization on respondents’ risk of being overweight. Interestingly, Model 2a showed that the urbanization rate significantly increased the risk of being overweight (OR = 1.608, 95% CI: 1.008–2.567). In terms of individual characteristics, the odds of being overweight increased with age (OR = 1.016, 95% CI: 1.013–1.019). Men were more likely to be overweight compared with women(OR = 1.326, 95% CI: 1.216–1.445). Married respondents were more likely to be overweight (OR = 1.861, 95% CI: 1.663–2.081). Compared to rural respondents, urban respondents were more likely to be overweight (OR = 1.245, 95% CI: 1.074–1.443). Unemployed respondents were less likely to be overweight than employed respondents (OR = 1.242, 95% CI: 1.128–1.367). Respondents owning higher educational attainment (college and above) were less likely to be overweight than those who had lower educational attainment (OR = 0.750, 95% CI: 0.648–0.869). Annual personal income increased respondents’ odds of being overweight (OR = 1.084, 95% CI: 1.046–1.123). Smokers were less likely to be overweight than those who were non-smokers (OR = 0.832, 95% CI: 0.756–0.915). Furthermore, respondents who had medical insurance were more likely to be overweight (OR = 1.189, 95% CI: 1.056–1.339). 

We further examined whether the effect of urbanization on residents’ risk of being overweight was directly or indirectly mediated by lifestyle choices in China and the results are shown in Model 2b (Table 3). Lifestyle indicators were added into Model 2b. Compared with respondents who were not motorized travellers, respondents who were motorized travellers were more likely to be overweight (OR = 1.157, 95% CI: 1.062–1.261). The odds of being overweight increased with the frequency of eating out (OR = 1.046, 95% CI: 1.027–1.065). In addition, the odds of respondents being overweight decreased with the respondents’ frequency of physical labour and their physical exercise time (OR = 0.949 and 0.943 respectively, and 95% CI: 0.913–0.987 and 0.928–0.958 respectively). In Model 2b, the urbanization rate became insignificant after all the lifestyle variables were entered into the model, and after applying Sobel test (Sobel, 1982; Iacobucci, 2012), it suggests that the effect of urbanization on overweight is fully concealed by lifestyle choices in China. The cross-level interaction effect was then added in Model 2c to test whether the lifestyle–overweight relationship varied by the different urbanization rates. The results showed that urbanization moderates the relationship between frequency of eating out and being overweight as well as physical exercise time and being overweight. The positive effect of the frequency of eating out on being overweight was weakened by the urbanization rate. The results also indicated that the negative effect of the physical activity time on being overweight was strengthened by the urbanization rate. However, there was no evidence that the urbanization rate also moderated the relationship between motorized travelling and being overweight or the relationship between the frequency of physical labour and being overweight.
<Table 3 about here>
5. Discussion and conclusions

This study explored whether lifestyle could mediate the effect of the urbanization rate on being overweight in China context using multilevel models and mediation analysis. Based on the conceptual framework (Fig 1) we proposed, the results indicated that the respondents’ risk of being overweight was associated with the urbanization rates, and that lifestyle-related energy intake and consumption behaviors regarding travel modes, exercise, and eating habits jointly exerted a complete mediating effect on the relationship between the urbanization rate and being overweight. In addition, the effects of the frequency of eating (lifestyle-related energy intake behavior) out and physical exercise time (lifestyle-related energy consumption behavior) on being overweight were found to be moderated by the urbanization rate. 

Our findings suggest that the overweight problem is more prevalent in more urbanized areas which is consistent with previous studies based on cross-national data (Mendez et al., 2005; Goryakin and Suhrcke, 2014). Previous cross-sectional studies conducted in 36 countries (Mendez et al., 2005)  including both developing countries and developed countries also found that levels of urbanization was positively related to absolute prevalences of overweight. Similarly, longitudinal studies from 56 countries (Goryakin and Suhrcke, 2014) reported positive associations between urbanization and the odds of reporting being overweight at all levels of GDP per capita. However, this study found that the effect of urbanization on the respondents’ overweight through their lifestyle is fully concealed and that it is a complete mediating effect, which is inconsistent with the existing literature (Gong et al., 2012; Van de Poel et al., 2012; Danaei et al., 2013; Miao and Wu, 2016), and the reason may be as follows. Overweight is directly related to the calorie intake and calorie consumption (Aucott et al., 2005) and these four lifestyle-related energy intake and consumption behaviors have a direct impact on the calorie intake and calorie consumption (Aucott et al., 2005) and embody the whole effect of urbanization on being overweight. 

The results in this study imply that urbanization has changed the residents’ lifestyle, which may have led to an increase in the residents’ risk of being overweight. First, this study indicates that the odds of respondents’ using motorized travel increases with the urbanization rate and this increases their risk of being overweight in China. When living in more urbanized areas, residents are more likely to be able to afford a car in China (Lindström, 2008; Bell, Ge and Popkin, 2012) and having a car may encourage people to walk less and spend less energy as a result (Lindström, 2008; Bell, Ge and Popkin, 2012). Second, this study also demonstrates that a higher frequency of eating out increases with the urbanization rate, which may also increase the respondents’ risk of being overweight. There are more restaurants, especially fast food restaurants, in more urbanized areas (Mendez et al., 2005; Rosenheck, 2010; Xu et al., 2013; Goryakin and Suhrcke, 2014; Miao and Wu, 2016) and residents living there are also more likely to go to fast food restaurants since they have less time to cook at home and it is more convenient for them to eat outside (Mendez et al., 2005; Rosenheck, 2010; Xu et al., 2013; Goryakin and Suhrcke, 2014; Miao and Wu, 2016). Compared with home-made food, food in restaurants contains more calories, and eating outside frequently could increase the respondents’ risk of being overweight. Third, the frequency of respondents’ performing manual activities during their working time decreased with the urbanization rate and this may increase their risk of being overweight. As most work in modern cities is ‘brain work’ or work in the service industry, rather than physical work, respondents in more urbanized areas are more likely to sit in front of a computer rather than doing physical work outside (Finkelstein et al., 2005), which may also decrease their calorie consumption and subsequently increase their risk of being overweight. Lastly, the respondents’ physical exercise time decreased with the urbanization rate and it increased their odds of being overweight. Respondents living in urbanized areas may frequently be too busy to exercise (Lopez and Hynes, 2006; Joens‐Matre et al., 2010; Roemling and Qaim, 2012) as, due to technological developments in modern cities, when they have some free time, they are more likely to perform sedentary activities, such as watching TV or playing video games (Lopez and Hynes, 2006; Joens‐Matre et al., 2010; Roemling and Qaim, 2012). This may also decrease the respondents’ calorie consumption and consequently increase their odds of being overweight.

Furthermore, the significance of the interaction effect between urbanization and the four lifestyle choices on the respondents’ risk of being overweight indicates a positive effect of urbanization, such as providing residents with more health-related knowledge. First, urbanization weakened the positive effect of eating out frequently on being overweight as urbanization may improve the respondents’ access to health knowledge, and they may pay more attention to health-related behaviours (Miao and Wu, 2016). Therefore, respondents living in more urbanized areas and those who eat out more frequently are more likely to choose healthier food. In addition, urbanization strengthened the negative effect of physical exercise on being overweight. This is also due to the improvement in the respondents’ access to health-related knowledge (Miao and Wu, 2016), as respondents living in more urbanized areas try to exercise and they are more likely to know how to how to maximise the consumption of calories, which means they can exercise more efficiently. These findings prove that urbanization does improve residents’ health-related knowledge, which reduces the effect of an unhealthy lifestyle on being overweight.  

Despite the current study’s merits, some limitations ought to be paid attention to. First, we were not able to estimate the time fixed effect due to nature of the data set. Second, we considered only four lifestyle indicators in this study; thus, some topics related to lifestyle transition (i.e. healthy food intake) remain to be further studied. Third, as we measured urbanization using only the city-level ratio of the urban population to the total population, other measurements, such as data of the light levels in cities at night, should be used in future studies. Fourth, we failed to solve self-selection problems because residents may choose cities according to their own preference, which also influences their physical status (Wingate and Alexander, 2006; Xiao et al. 2016; Liu and Xu, 2017; Liu et al., 2017). 
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�这一段需要提供 new things (new theories, new methods or new policies) can the paper contribute to this international group literature，而不是只在后面提到本文的contribution会是什么。 





这里可以主要介绍lifestyle作为potential link between urbanization and health outcomes的原理，在这里总结原理，突出前人未解决的问题，提出本文new theories。而且中国的研究也能contribute to this international group literature。 





�前面的literature review没有提到energy intake and consumption，这里突然出现了，前面需要介绍一下。


�有哪些urbanization选择？用how 吧？


�？同上


�如果在这里的话，要有介绍而不只是说Fig1是什么。这里要介绍哪些是energy intake， 哪些是consumption behaviors。





_1234567890.unknown

_1234567891.unknown

