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Abstract

:

Currently, the major global economies have entered an aging society. The promotion of physical activity is an important way to improve the health level of the elderly, and the study of health geography is a popular interdisciplinary research topic. This study selected 12 representative districts in Guoyu City, Jiangsu Province, to conduct a questionnaire survey on the activity range and behavior pattern of leisure walking among the elderly. We analyzed the relationship between the environment factors of different blocks and the walking activities of the elderly. The results showed that: (1) A range of 800 m from home is the most important leisure walking space for the urban elderly, and a distance between 800 and 1500 m is an important optional leisure walking space. (2) The density of open green space, commercial facilities, and public service facilities has a significant impact on the elderly’s leisure walking activities. (3) The socioeconomic background and health status of the elderly have a significant impact on their leisure walking activities. Healthy physical conditions can motivate the elderly to form good exercise habits. The government must optimize the built environment elements in a targeted living space to encourage physical activity among the elderly.
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1. Introduction


At present, more than half of the world’s population lives in urban areas, and the high concentration of the urban population poses a serious challenge to the level of national governance. According to international regulations, people over 60 years old are determined as the elderly [1]. According to Article 2 of the Law on the Protection of the Rights and Interests among the Elderly, all citizens of the People’s Republic of China who have reached the age of 60 are elderly [2]. It is estimated that by 2050, the elderly in China will account for 34.90% of the total population [3]. The Chinese government must provide more economic expenditure for the elderly and bear greater social and economic pressure. The aging society will be an important public health challenge for the Chinese government in the next 20 years. In response to this problem, the Chinese government has issued the Healthy Development Plan for Aging Society [4]. The plan will improve the quality of life of the elderly through the construction of a community pension system. In recent years, substantial changes have occurred in the urban transportation environment and the lifestyle among the elderly. The sedentary lifestyle is not conducive to physical activity among the elderly [5,6]. Sedentary lifestyles lead to a sharp decline in physical activity among the elderly. Inadequate physical activity increases the risk of chronic diseases such as hypertension, stroke, diabetes, and obesity and significantly reduces the life quality of the elderly. The lack of physical activity in the process of urbanization has caused public health problems. Different countries have conducted multi-level interventions on residents’ physical activity through diversification policies. For example, France’s policy includes three aspects: improving people’s awareness of healthy lifestyles at all ages, providing more convenient sports opportunities, and adhering to the lifestyle of combining healthy diet with reasonable exercise [7]. The policies of the United States include improving residents’ awareness of physical activity and improving the coverage of fitness facilities at the community level [8]. These policies have achieved remarkable results in areas such as public health and urban management. Physical activities mainly refer to energy-consuming sports produced by human skeletal muscles, including housework, transportation, leisure sports, and other forms [9]. Therefore, popular research topics focus on improving the participation of elderly in daily physical exercise [10]. Numerous studies have shown that physical activity can increase the body’s energy expenditure and maintain energy balance, reducing the risk of chronic diseases among the elderly. Physical activity can produce more positive health effects, thus effectively improving the quality of life of the elderly [11]. In addition, some studies believe that physical activity level of residents is not only affected by individual physiological and psychological activities, but also by urban built environment factors [12].



Walking, with moderate intensity, is the most common form of physical activity in the daily lives of the elderly [13]. There are two main types of walking activities: First, traffic walking activities such as living, shopping, working, and commuting and social communication. Second, leisure walking refers to walking, shopping, entertainment, and other walking activities for physical exercise. The existing studies usually regarded the block as the most basic management unit in the city and the minimum travel range of residents’ daily activities [14]. The block scale is generally used to measure the residential space environment and the level of medical resource allocation. This paper chooses the block as the research unit, which mainly refers to the area surrounded by four streets. The block can also be defined by other visible or invisible natural elements or human elements to count the population size [15]. In addition, the block scale is the most basic unit in urban planning. People generally make statistics on the land use structure, land development intensity and development type within the scope, and provide corresponding public facilities and resources. The scale of the block includes three aspects, namely, the living environment of the block, the social neighborhood environment, and the residential living environment [16]. The definition of the built environment of the street in this paper mainly refers to the combination of street space elements to meet the residents’ needs in daily life. The scope includes various living service facilities, road traffic environment, green space opening space and other public space elements [17].



Research on the walkability of existing blocks mainly focuses on objective spatial indicators such as land use mixing degree, residential density, block connectivity, and road intersection density. The findings indicate that improving the connectivity and walkability of blocks, as well as shortening the space distance of traffic travel, will help increase the likelihood of the elderly engaging in various walking activities [18]. At the same time, existing studies have found that an open block environment can provide more walking space, which is convenient for residents to conduct physical exercise and social interaction [19]. In addition, open blocks generally adopt the mixed commercial and residential development mode, which makes it more convenient for residents to carry out leisure walking activities [20,21]. Good block connectivity and mixed degree of land use will be conducive to improving the enthusiasm of the elderly toward physical activity and increasing their amount of walking activity [22].



Some studies believe that the elderly’s body function gradually degrades, their activity range is constantly shrinking, and the block neighborhood environment becomes their main walking space [23]. Existing studies have comprehensively measured the objective conditions and subjective perception of the built environment [24,25]. Research shows that the physical space quality of the block environment will affect residents’ physical activities, and the residents’ social and economic background will also affect their subjective cognitive feelings [26]. The index system constructs the walkability scale of the neighborhood environment. This scale measures residents’ perception level of features such as convenience, attraction, and safety of the walking environment. The results show that residents’ good perception of a walking environment will promote their daily physical activities [27]. In addition, age, gender, education level, marital status, income level, health status, and other socioeconomic attributes are also important factors affecting physical activity [7,17,22]. Specifically, good block connectivity and walkability of public space can effectively promote the elderly to carry out walking activities [28,29]. Furthermore, block safety will also affect residents’ subjective willingness to conduct outdoor activities [20,21]. In addition, residents’ perception of the accessibility of public service facilities directly affects their frequency of leisurely physical activity [30].



In general, studies on the correlation between the existing urban built environment and walking for the elderly mainly focus on the neighborhood block scale. The existing empirical studies mostly focus on international metropolises with a high urbanization rate, and there is a lack of studies on the adaptability of small town areas [29]. The current research is mostly in the phase of mapping between activity space and material space. The health factors mainly select morbidity, mortality, self-rated health status, and other indicators [31]. Few studies have focused on the deep potential impact of the built environment on residents’ daily physical activity from the perspective of healthy city management [27,32]. At the same time, the research on healthy cities in China is still in its initial stage. Most of the current work is focused on improving the number and density of service facilities. There are many problems with urban construction, such as excessive supply of facilities in terms of quantity and scale and insufficient quality and efficiency, which makes it difficult to effectively accommodate the specific needs of the elderly. This study focused on the elderly’s daily leisure walking activities, beginning with the elderly’s perception of the neighborhood-built environment and analyzed the impact of the block scale built environment on daily walking activities. This study revealed the effects of space demand, space opportunity, and space restriction on the leisure walking activities of the elderly at the mechanism level. The research conclusions will help guide urban planning and management departments to optimize the scale, function, and quality of the block-scale built environment to support the elderly to conduct daily leisure walking activities (Figure 1).




2. Materials and Methods


2.1. Study Area and Data Source


2.1.1. Study Area


The main urban area of Gaoyou City in Jiangsu Province was chosen as the case study area; it has a population of approximately 330,000 and a built-up area of approximately 52.12 km2 (Figure 2). According to China’s seventh census, the population aged ≥60 in Gaoyou accounted for >30% in 2022. In the past 30 years, the proportion of the elderly population in Gaoyou City has been increasing, and the city has entered the deep aging stage. Urbanization is conducive to the rapid agglomeration of population, resources, and material factors and provides convenience to residents’ daily life [33,34]. However, there are also several negative effects on the elderly. On the one hand, the increase in residents’ income leads to an increase in their daily diet consumption and energy intake. On the other hand, the crowded living environment also leads to a decrease in residents’ physical exercise frequency and willingness. Although the average life expectancy of the elderly continues to increase, physical inactivity, an unbalanced diet, smoking, and alcohol consumption among the elderly have increased considerably. Living habits such as less movement and increased food consumption indirectly damage the health level of the elderly. Poor lifestyles lead to chronic diseases such as hypertension, diabetes, and cardiovascular and cerebrovascular diseases in the elderly [35]. Chronic diseases reduce the elderly’s quality of life and aggravate the economic burden of the entire society, which has become a major public health obstacle affecting the social economy and healthy development in Gaoyou [25]. This study focused on the range of daily walking activities of elderly people on a block scale. The block range includes the traffic road surface and the surrounding built-up area within a certain range. Based on the existing research, we widened the distance of urban express, main, secondary, and branch roads to both sides by 50 m, 35 m, 29 m, and 10 m, respectively. This scope is identified as the elderly’s activity space in the block scale built environment [22,27].



We have considered the potential impact of the COVID-19 in the questionnaire design stage. In general, the COVID-19 does not affect this study. There are three main reasons. First, from the end of 2020 to the beginning of 2021, the Chinese government had better control of COVID-19 than other countries in the world. The production and lives of residents were carried out in an orderly manner, and people’s daily travel activities were not affected [28]. Second, we chose Jiangsu Gaoyou as the case site. According to the announcement information released by Gaoyou Health Commission, from December 2020 to January 2021, there was no population infected with social epidemic in Gaoyou City, and Gaoyou City was not affected by the epidemic [29]. Third, we asked the elderly respondents whether their daily leisure travel was affected by the COVID-19 during the distribution of the questionnaire. Most of the elderly said that Gaoyou had not yet experienced an epidemic, and their daily travel activities were not affected.




2.1.2. Data Source and Processing


We selected 12 typical blocks in the study area and randomly selected sample points in each block for a questionnaire survey (Figure 2). The respondents were aged ≥60, and the survey took place between December 2020 and January 2021. These blocks have different location conditions, built environments, and socioeconomic backgrounds. According to China’s Law on the Protection of the Rights and Interests of Elderly Groups, “elderly people” generally refer to people over 60 years old [3]. Notably, the elderly people we investigated were permanent residents who have no serious diseases, could move easily, and could complete the questionnaire independently. The main contents of the questionnaire were the leisure walking activities of the elderly over the entire week, their own social and economic background, and their perception and evaluation of the surrounding built environment. It included the location, time, and frequency of activities such as walking, shopping, and exercise. We distributed a total of 1541 questionnaires and obtained 1275 valid questionnaires, with an effective recovery rate of 82.7%.



In the process of designing the questionnaire, several medical ethics standards from relevant studies were used for reference [36,37]. These ethical standards put forward a series of requirements for the investigation of special populations. We conducted an in-depth discussion on the specific contents of the questionnaire Therefore, we distributed 100 questionnaires for survey testing before the start of the survey phase. Specifically, a confidentiality option for the elderly privacy was added to the questionnaire content. The questionnaire informed the respondents of their rights and possible risks. To further protect participant privacy, we actively deleted name attributes when we obtained data through the questionnaire. This study only explored the characteristics and mechanisms of group activity and did not conduct a differential analysis of individual patients. Possible private information included the age, income, and residential address of the elderly. For the content of the questionnaire, we solicited guidance and advice from medical ethics experts. In addition, the content of the questionnaire was also authorized and approved by the Changshu Health Ethics Review and Management Committee (Approval Code: 2020030031). We kept the above information strictly confidential, and promised to use it only for this research.



In the elderly sample (Table 1), the proportion of men and women is balanced, and the age is mainly ≤70 years old (62.34%). Most respondents have high school/secondary education (79.46%), are married (82.37%), and are retired (92.08%). The monthly personal income is generally between 2000 and 4000 CNY (61.30%). The number of family members is mainly three or less (57.40%), and 77.5% of the respondents’ self-evaluation of health is at the general level or above. The objectively built environment factors mainly include urban road networks, facilities, urban green space, and administrative boundaries. Among them, the facility layout data was mainly obtained through web crawler software, which involves information such as the name, type, location, and scale of the facilities. The attributes of urban green space are extracted from remote sensing images, which mainly include attributes such as the number, shape, location, and area of elements. Further, we integrated the information about the elderly’s residential location and the distribution of daily activities on a unified space platform.





2.2. Variables and Indicator System


Elderly people’s subjective feelings of the external environment will affect their daily outdoor activities. The elderly associate with the urban built environment through walking activities. Therefore, we first defined the spatial scope and physical location of the elderly’s leisure walking activities. Furthermore, we constructed a multi-dimensional evaluation system of the built environment and organized the social and economic attributes of the elderly. Specifically, we evaluated the built environment elements from multiple dimensions, namely accessibility, agglomeration, and diversity.



2.2.1. Leisure Walking Activities


Walking requires the coordination of thigh, waist, and abdominal muscles and has a strong effect on the elderly. Leisurely walking refers to when people use their spare time to walk to a non-workplace. It includes shopping, walking, and physical exercise. The bodily function of the elderly is generally weaker than that of the young and middle-aged groups, and the elderly are more capable of carrying out physical activities with relatively gentle intensity [16]. The World Health Organization recommends that older people be physically active in their daily lives, with at least 150 min of moderate-intensity physical activity per week. This includes walking, dancing, and swimming [17]. Studies have shown that continuous walking for at least 10 min at a time is beneficial for adults to maintain their physical health [18,19]. Therefore, we surveyed whether elderly people engaged in walking, shopping, fitness, and other leisure walking activities during the week and the range, duration, and frequency of each walk. Notably, the walking activities that lasted >10 min each time in the questionnaire survey were considered as effective walking activities. Specifically, we used “whether to participate in leisure walking activities and whether the length of leisure walking activities was greater than 150 min/week” as the dependent variable.




2.2.2. Built Environment Elements


	(1)

	
Subjective perception of the built environment







According to the place of residence and walking activities of the elderly in the questionnaire survey, we identified the range and place of walking activities of the elderly. We mapped the elderly’s subjective evaluation of the built environment elements in the objective physical space. People with different socioeconomic attributes have different resources and travel ranges. The spatial–temporal trajectory and activity space of the elderly’s physical activity also show different characteristics. Specifically, this study measured the factors of the built environment by combining subjective and objective methods. First, we constructed a table outlining the corresponding relationship between objectively built environment elements and subjectively built environment perception (Table 2). Then, we constructed a subjective perception index system of the built environment based on two aspects: spatial agglomeration and spatial connection (Figure 3).



	(2)

	
Establish an environmental assessment index system







We evaluated the characteristics of a built environment from both subjective and objective perspectives. The index system combines related research results of street walkability [16,18]. We summarized the constructed environmental indicators of the blocks that affect the leisure walking activities of the elderly from four aspects: patency, accessibility, comfort, and safety. Specifically, (1) block patency means that the pedestrian road network of urban blocks is continuous and unimpeded and is not affected by the cutting of other transportation modes. Unobstructed streets provide an adequate area for pedestrians to pass through as well as continuous and stable walkable spaces (Figure 4). (2) Block convenience means the city block can provide enough public service facilities for surrounding residents and walkers. These facilities can meet the diverse needs of the elderly for the block space. The coverage and diversity of public service facilities represent the convenience of walking space. (3) Comfort index means the block provides a comfortable walking experience and pleasant visual perception for the elderly. Comfort can be measured from both artificial environment and natural environment perspectives according to landscape components such as interface, paving, and vegetation. The higher the comfort of the natural and artificial environments, the higher the comfort of the neighborhood walking environment. (4) Security index is the most basic guarantee of walkable blocks. It is divided into two main aspects: individual safety and traffic safety. The indicators represent the safety attitudes of pedestrians to the neighborhood environment and the interference degree of other vehicles to walking. The higher the sense of security of pedestrians in the block space, the better the walkability of the block.



Based on the abovementioned first-level indicators, this study refined 13 s-level indicators (Table 3). We obtained the subjective evaluation of the neighborhood environment by the elderly through the questionnaire. The questionnaire was quantified according to the 5-level Likert scale, with scores of 1 indicating strong disagreement, 2 indicating strong disagreement, 3 indicating moderate feelings, 4 indicating strong agreement, and 5 indicating strong agreement.




2.2.3. Socio-Demographic Characteristics


In addition to the influence of the urban built environment, the daily walking activities of the elderly are also affected by individual socioeconomic attributes [7,17]. Therefore, to accurately estimate the impact of the urban built environment, we included social and economic factors such as gender, age, education background, family demographic structure, living with grandchildren, working status, monthly personal income, possession of a driving license, and chronic disease as control variables in the analysis model. We further interpreted the fitting effect of the model and identified the relationship between various factors.





2.3. Statistical Analyses


The Hierarchical Linear Model (HLM) is a statistical analysis technique used to analyze data with nested structures that can effectively affect organizational or background effects [38] and is mainly applied in the fields of medicine, public health, society, etc. [39,40]. On the one hand, different types of walking activities involve location differences and multiple co-linear characteristics of the built environment factors. On the other hand, the factors that affect the daily leisure walking activities of the elderly include the built environment, subjective cognition, and residents’ own socioeconomic background, and many other aspects have obvious multi-level nesting structure characteristics; therefore, they are more suitable for HLM models (Figure 5).



We use MlwiN software as the statistical analysis platform, and select hierarchical linear model for statistical analysis [41]. The model can effectively distinguish between intra-group differences and inter-group differences of the explained variables. We use this model to measure the influencing factors of travel activities under the nested geospatial constraint environment. We use the Akaike Information Criterion (AIC) index in the Markov chain Monte Carlo method (MCMC) methodology to compare the fitting effects of different models. As a comprehensive indicator, AIC can not only measure the fitting degree of the model, but also consider the complexity of the model. The smaller the value, the higher the fitting degree of the model to the data.



For data with nested structure, the functional relationship between cross level variables is called organizational effect or background effect in social science research. In order to prevent collinearity among variables and ensure the stability of model analysis results, we introduce the above variables into the statistical model hierarchically. The differences of leisure walking activities among the elderly mainly come from the heterogeneity of individual levels. The heterogeneity of geospatial units will also affect the walking activities among the elderly. We respectively counted the model variance values in the inner and outer spheres [42]. When dealing with hierarchical data, the model first establishes regression equations for the first layer of characteristic variables. Then, the model takes the intercept and slope in the equation as dependent variables, and the characteristic variables in the second-level data as the independent variables. We put these variables into the model for quadratic regression. The basic formulas are as follows:



First level:


   Y  ij   =  β  0 j   +  β  1 j   (  X  ij   −    X  ij    ¯  ) +  γ  ij    



(1)







Second level:


   β  0 j   =  γ  00   +  γ  01    W j  +  μ  0 j    



(2)






   β  1 j   =  γ  10   +  γ  11    W j  +  μ  1 j    



(3)







Wj and Xij are characteristic variables for the first and second layers, respectively; μ0j, γij, and μ1j are random effect variables. The feature variables of the first layer are treated as total or group averages. The interception β0 is the average value of Yij and the slope β1j is the change amount produced by upgrading a unit of Xij. The characteristic variable W impacts the dependent variable Y by affecting the slope and intercept in the regression equation of the first level characteristic variable on the second level. Specifically, the outer activity circle may contain one or more inner activity circles, and there is a nested relationship between the two geospatial scopes. There are intergroup differences between inner active circles, and intra group differences between inner active circles and outer active circles. Therefore, the first level dependent variable Yij refers to the walking activities among the elderly in the outer activity space. Second-level dependent variable β0j refers to the average walking activity of the elderly in the inner activity space. Β1j refers to the number of changes in elderly walking activities caused by the intergroup differences among the inner activity space.





3. Results


3.1. Fractal Spatial Characteristics of Built Environment Element Set


The block-scale built environment of Gaoyou City presents different spatial distribution characteristics from four aspects: unobstructed, convenient, comfort, and safety (Figure 6). According to the subjective and objective scores in the questionnaire survey, we conducted a comprehensive evaluation of the built environment quality around the main roads of the city. (1) In terms of road network patency, the old urban area scored high, while the outer suburban area scored low. The interior of the old town along the canal formed the gravity center of the slow traffic system. Within the range of short distance walking, the high values of network selection degree and integration degree of blocks were concentrated in the inner city. The road network density in suburban areas was relatively low, the block scale was relatively large, the urban branch road system was incomplete, and the road patency was relatively low. (2) In terms of service convenience of the block, an overall structure of continuous agglomeration along the internal main road and point-like dispersion outside was presented. This morphological feature shows that the convenience of block service was significantly affected by the single center architecture of the city. The comprehensive score of the old city area was high, and the overall structural expansion was insufficient, showing the spatial characteristics of regional agglomeration.



(3) The comfort level of block roads was affected by the urban ecological pattern and built environment, showing a hollow structure that was low inside and high outside. Neighborhoods along canals and around the inner-city river network had higher landscape comfort scores. The inner blocks of the old city had a lower green visual rate, while the outer suburban areas had higher landscape comfort. The urban environmental quality was greatly affected by the wedge of external landscape and the corridor of the internal water system. (4) Regarding block safety, the score inside the city fluctuated at a high level, while the outer ring decreased sharply, showing a distribution feature of high inside and low outside. The results showed that the layout of security facilities in old city blocks is relatively good. The security facilities in the outer suburbs are insufficient, and the elderly have a weak perception of security in the outer blocks of the city.




3.2. Location and Scope of Daily Leisure Walking Activities for the Elderly


3.2.1. Spatial Range of Daily Walking Activities


Studies have shown that the daily activity radius of the elderly generally has two boundaries of 500 and 800 m [6,9,11]. Considering that most of the elderly’s leisure walking activities begin at home, we calculated the travel range of the elderly according to when the distance between home is <500 m, 500–800 m, 800–1500 m, and >1500 m. The probability and duration of leisure walking activities in different distance circles were analyzed. Since different surface types of the city have different walking speeds, we used the grid cost-weighted distance algorithm to calculate the walking distance, and the grid size was 100 × 100 m.



The results of questionnaire analysis showed that the occurrence rate of daily walking decreased significantly with the increase in distance within 1500 m. The results show that the longer the distance between the walking destination and the residence, the lower probability of the elderly walking to the destination. Among them, 800 m away from home (49.32%) is the core space of leisure walking activities for the elderly, which is called the inner activity circle. The space 1500 m (39.89%) from the home was the second most important choice, named the outer mobile sphere (Figure 7). In addition, the walking time of the elderly at different distances in the survey results also indirectly verified the above responses. The elderly spend an average of 232 min a week walking within 800 m of their homes. However, the walking time outside the 1500 m range was only 32 min, which was 1/8 of the time within the 800 m range (Figure 7). The results show that 800 m away from home is the core distance of daily leisure walking activities for the elderly, and 1500 m away is the second most important distance.



The research data in this paper comes from the questionnaire survey and does not deeply investigate the elderly’s walking path information. We consider the diversity and complexity of the elderly’s walking trajectory. We classify the range of walking activities among the elderly in the form of spatial circles. We set the walking range options to four space levels, which contain within 500 m, within 800 m, within 1500 m, and outside areas. In addition, walking time is an important index to measure the walking activities among the elderly. We asked the elderly for their weekly leisure walking time in different spaces. The time index is helpful to identify the walking activity circle of the elderly. We correspond the space range with the activity time. In the follow-up research work, we will deeply analyze the activity track among the elderly and then accurately identify the activity range among the elderly.




3.2.2. Locations of Daily Leisure Walking Activities


There were significant differences in the choice of leisure walking destinations among the elderly at different spatial distances (Table 4). The results of the questionnaire show that the main locations for the elderly to walk were the squares inside the community and public locations outside the community, such as parks, squares, and universities, which are less than 800 m away from home. Further, farmers’ markets, supermarkets, and other life service facilities were the secondary leisure and walking activity destinations for the elderly 800 to 1500 m from home. Some large parks, squares, large commercial complexes, etc. were the main leisure walking activity destinations for the elderly. Notably, within the same distance circle, the elderly may walk to multiple places. The sum of activity rates in older adults within the same spatial distance may be >100% (Table 4).





3.3. Influencing Factors of Leisure Walking among the Elderly in Inner Activity Space


The model controlled the influence of the socioeconomic attributes of the elderly. The results showed that there was a significant positive correlation between the density (1.036) and accessibility level (0.248) of the park within a walking range of 800 m from home. It shows that the improvement of this index is beneficial for increasing the participation rate of the elderly in leisure walking activities. Residential density (−0.037) and natural landscape comfort (−0.236) showed a significant negative correlation. The increase of this index will significantly reduce the participation rate of the elderly in leisure walking activities. In addition, the higher the park density (0.850) and the better the road lighting at night (0.333), the more likely the elderly were to spend >150 min per week on leisure walking. Residential density (−0.046), road flatness (−0.366), and natural landscape comfort (−0.237) showed a significant negative correlation (Table 5). The results show that increasing the supply of leisure space, such as parks, and improving the accessibility of leisure space within a walking distance from home will significantly improve the enthusiasm of the elderly to participate in leisure walking activities. However, high residential density will reduce the willingness of the elderly to walk for leisure, which is not conducive to the elderly walking for leisure. In addition, owing to the relatively few natural landscape resources in the surveyed area, the elderly generally have a low perception level of natural landscape comfort. Therefore, this index cannot be identified as a promoting factor to improve leisure walking among the elderly.



Table 5 shows the model α (introducing two levels of individual and inner activity circle) and model β (introducing three levels of individual, inner circle, and outer circle). In the Model β, the variance proportion of the inner activity circle is relatively large (32.7%), while that of the outer activity circle is relatively small (19.8%). The geographical environment factors in the model show typical multi-layer structure characteristics. The variance decomposition coefficient can explain the explanatory ability of circle differences in different geographical spaces on dependent variables [43,44]. The results show that the AIC value decreases more obviously when the spatial element variable is introduced. The results show that the model has better explanatory power for the elderly’s walking activity effect after introducing geographical range variables.



Table 6 shows the lowest and highest elderly walking activities probability prediction values in the two spatial levels of model β. In the inner activity circle, the probability difference of walking activity level among the elderly from the highest to the lowest is –7.5%, 4.7%, 6.7%, –2.2%, and –1.7%, respectively. In the outer active sphere, the difference is –24.8%, 14.2%, 17.8%, –1.2%, and –6%, respectively. The heterogeneity of the outer active circle is higher than that of the inner active circle. The variance of walking activities in the inner activity circle is small, which reflects that there is no obvious difference in walking activities among the elderly at this level, which verifies the rationality of setting the inner and outer space circles in this paper.




3.4. Influencing Factors of Leisure Walking among the Elderly in Outer Activity Space


When the leisure walking space of the elderly was expanded to 800−1500 m, park density (1.996) showed a significant positive effect on the participation of the elderly in leisure walking activities, and the significance level and influence degree increased significantly. However, the indices of park accessibility and park density had no significant effect on leisure walking activities. Residential density (−0.063), road flatness (−0.340), and natural landscape comfort (−0.205) still had significant influences on leisure walking activities; however, the change in influence degree was not obvious (Table 7). The results show that with the increase in walking range, the number and scale of public open space became an important promoting factor to improve the leisure walking activities of the elderly. In addition, the model did not detect the influence of other built environment quality factors, such as landscape comfort and road smoothness, within the walking range of 800−1500 m. The results showed that, in the current urban construction environment in China, road environmental quality (such as sanitation, barriers, and the setting of walking paths) did not significantly affect the walking activities of the elderly (Table 5). In addition, Akaike information criterion (AIC) is a standard to measure the goodness of statistical model fitting. Based on the concept of entropy, this index can balance the complexity of the model and the goodness of data fitting. In this paper, the 150 min/week models show more powerful than the simple “any participation in walking” models based on AIC. It showed that the model had a better fit for walking activities of more than 150 min per week.





4. Discussion


4.1. Differences in the Leisure Walking Locations of the Elderly under Different Distance Radii


We identified the built environmental elements within the range of leisure walking activities for the elderly. The combination of built environmental elements in different blocks reflects the construction level of them. Specifically, 800 m away from home was the most important daily leisure walking range for the elderly, and 800–1500 m was an important space for optional leisure walking. There were significant differences in the main walking places of the elderly under different distance radii. Among them, plazas, shopping malls, and public service facilities were the most important walking destinations. In addition, supermarkets, schools, banks, parks, and green spaces were the main locations for walking activities. This conclusion is consistent with the conclusions of other relevant studies [8,13,19].



Notably, the main range of leisure walking activities for the urban elderly in this study was 800–1500 m. Previous studies on foreign cities at the same scale identified 400–500 m or 800–1000 m as the main ranges [17], showing basic consistency with the results of this study. Green land rate, bus station density, park density, and park accessibility had a significant positive effect on the participation rate and activity amount of leisure walking activities. The residential density index had a significant negative impact on leisure walking activities, and this conclusion is basically consistent with those of other studies in foreign countries. This conclusion indicates that material conditions, such as good green environment, convenient and accessible traffic stations, and diversified leisure activity locations, can effectively increase the participation of the elderly in walking activities [19]. However, this study found that commercial facilities and public service facilities had a significant negative correlation with the leisure walking activities of the elderly. This conclusion is inconsistent with those of foreign studies [13]; however, it is somewhat consistent with the characteristics of the built environment around the selected communities and the actual walking activities of the elderly.




4.2. Correlation between the Participation in Leisure Walking Activity and Social and Economic Level of the Elderly


The results showed that the highly educated elderly walked less than other elderly, which was significantly influenced by working days and non-working days. Highly educated elderly people were mostly engaged in sedentary non-manual work. These elderly people engaged in more transactional work, their corresponding static work time was longer, and they lacked walking habits. In addition, the elderly with college/bachelor’s degrees (−0.142) or graduate degrees or above (−0.182) engaged in less leisure walking activity on weekdays than those with junior high school education or below. In the range of 800–1500 m, the amount of leisure walking activity by the elderly with college/bachelor’s degrees (−0.281, −0.137) and graduate degrees (−0.324) was lower than that of the lowest education group (Table 4). The results showed that the elderly with higher education (especially those with college/bachelor’s degrees) had longer office hours per week and were mainly sitting during the day. These elderly people had less exercise opportunities, resulting in insufficient leisure walking activities. Similarly, older adults with a monthly income of >4000 CNY (−0.369) reported less leisure walking activity than those in the lowest income group. The amount of leisure walking activity in the group with a monthly income of 2000–4000 CNY (−0.222) was relatively high. In general, the amount of leisure walking activity of the elderly with a monthly income between 2000 and 4000 CNY (−0.326, −0.322) and those with a monthly income >4000 CNY (−0.412, −0.345) was less than that of the group with a monthly income <2000 CNY on both working and non-working days. The results showed that higher earners were more likely to participate in mental work. This group is under more competitive pressure to participate in social and economic activities and has less leisure time. These older adults had relatively low levels of leisure walking activity.




4.3. Correlation among the Participation in Leisure Walking Activity, Health Status and Household Size


The results showed that the amount of leisure walking activity among the elderly in good physical condition (−0.237, −0.167) increased significantly than others. The amount of leisure walking activity on non-working days (−0.133) among the elderly in general physical condition was less than others. The results show that good physical condition helps the elderly to participate in more active leisure walking activities. On weekdays, the amount of leisure walking activity (−0.031) among the overweight elderly was lower than that of the normal weight elderly (Table 4). The physical condition of the elderly directly affects the development and maintenance of their leisure walking habit. In addition, the larger the household size, the lower the probability of the elderly engaging in leisure walking (−0.182). The results showed that the larger the household size, the longer the elderly were engaged in housework, and they lacked time for other physical activities. When older adults lived with their grandchildren, they were significantly less likely to engage in leisure walking activity than older adults without children. According to the model results, compared with the working elderly, the retired elderly have more significant probability and time to participate in leisure walking activities. Due to the 8 h of duty in China, the working elderly spend a lot of time and energy on work every day. Therefore, it is difficult for the working elderly to allocate more time in leisure walking activities such as fitness, shopping and visiting friends. They participate in less leisure walking activities than retired elderly people. According to the model results, compared with the educated group, the uneducated elderly are more likely to carry out leisure walking activities. Educated groups have more job opportunities, they are usually in a working state, and they don’t have enough time to carry out leisure walking activities. The uneducated people usually retire earlier, they have more time to carry out leisure walking activities. The results showed that the family life cycle is in a state of constant turnover when there are multiple generations living together. At this stage, there is much family housework, and the elderly lack time and energy to participate in leisure walking activities (Table 7).




4.4. Built Environment Elements and Enthusiasm


In the daily life among the elderly, street green squares, small commercial facilities and public service facilities are common living spaces. The closer these facilities are to the residence of the elderly, the larger the scale of facilities and the higher the density of facilities, which can significantly improve the probability of leisure walking among the elderly. Specifically, park density, park accessibility, green space rate, bus stop density, school density, road safety and road smoothness can significantly promote leisure walking activities among the elderly within 800m. The government needs to optimize the physical space planning of the block to meet the daily needs of the elderly. The government should provide public spaces for the elderly to walk to promote a healthy lifestyle. According to the influence degree of the leisure and walking habits of the elderly and the built environmental factors, the government should strengthen the supply level of public service facilities such as green spaces, parks, schools, and bus stops. The government should create a safe, comfortable, convenient, and high-quality neighborhood environment to encourage the elderly to participate in leisure walking activities. For example, the government should moderately improve the accessibility of community parks and squares and improves the connectivity between community and urban public service facilities to facilitate the elderly to participate in walking activities. Furthermore, according to the physiological and psychological characteristics of the elderly, the government should optimize the construction quality of the neighborhood environment. For example, the government can establish rest spots at intervals along the parkway and increase the supply of lighting facilities.





5. Conclusions


This study focused on the influence of built environment factors at the block scale on the leisure walking activities of the elderly. We identified the spatiotemporal scope of the elderly’s leisure walking activities. Based on urban multi-source data, we analyzed the spatial demand, spatial opportunity, and spatial restriction effect of built environment factors on the walking activities of the elderly. Then, we identified the differentiated effects of the built environment on walking activities at different spatial ranges. Finally, we proposed a planning strategy to effectively provide walking activity space and actively guide the healthy lifestyle of the elderly.



5.1. Key Findings


This study analyzed the spatiotemporal characteristics of the elderly leisure walking activities and identified the built environmental factors that hinder the elderly walking activities. The main conclusions are threefold.



	(1)

	
The most important leisure walking space for the urban elderly is 800 m from home. The 800–1500 m range is an important alternative walking space. The extent of the pedestrian space for the elderly can serve as a boundary to help identify elements of the built environment that are relevant to daily life. Compared with the boundary range of physical places, the scope of activity space is more refined in the expression of residents’ daily behaviors. Based on the spatiotemporal survey data, we determined that there were differences in the length of leisure walking activities between the elderly on non-working days. There were differences in leisure walking destinations within different activity ranges. Among them, public open space and commercial and public service facilities were the main locations for walking activities. Compared with working days, the range of leisure walking activities of the elderly on non-working days had the characteristics of spreading to the periphery of the city.




	(2)

	
The density of open green space, commercial facilities, and public service facilities had a significant impact on the leisure walking activities of the elderly. Among them, park density, park accessibility, green land rate, bus station density, and road safety were promoting spatial factors of leisure walking activities. Residential density, natural landscape comfort, supermarket density, and road intersection density were limiting spatial factors for leisure walking activities. With the expansion of the activity space, the influence of some subjective and objective built environment elements on the walking activity of the elderly showed varying degrees of enhancement or weakening.




	(3)

	
The socioeconomic background and health status of the elderly have a significant impact on leisure walking activities. A healthy body condition can motivate the elderly to maintain good exercise habits, and older people who are overweight lacked the willingness to exercise outdoors. The physical condition of the elderly directly affected the development and maintenance of their leisure walking habits. The larger the family size, the longer the elderly engaged in housework and the lower the participation rate of leisure walking activities. In addition, highly educated older people spent more time at the office each week, mainly focusing on sitting and mental work, with few opportunities for exercise. Therefore, the amount of leisure walking activity in this group is obviously insufficient. Higher income groups are more likely to participate in mental work. They have more competitive pressure to participate in social activities and less leisure time. These older adults had relatively low levels of leisure walking activity.








5.2. Implications


This study enriched the research results of walking activity in the field of behavioral geography. This research focused on elderly leisure walking space range identification, choice of activity location, activity space perception, and other aspects. First, we quantified the complexity, diversity, and richness of the built environment. Second, we further identified the environmental factors affecting the elderly’s daily leisure walking activities. Third, we explored the interaction mechanism between built environment elements and walking activities of the elderly. This study analyzed the needs of the elderly for the urban built environment and the spatial opportunities and constraints provided by the built environment.



The results show that there is a close relationship between the urban built environment and residents’ walking activity, and it has profound health connotations and effects. Finally, using the elderly as the research object, we combined healthy city planning with the background of the aging society and proposed long-term, stratified, and concrete optimization strategies for built environment elements at the block scale. This study has certain practical significance from two aspects. On the one hand, our research on the interaction between built environment and residents’ behavior provides a theoretical basis for the planning and construction of healthy cities. This conclusion can be used as an important index to test the effect of healthy city planning and construction. On the other hand, the government has optimized and improved the elements of the built environment to promote the perception and adaptation of the elderly to the external environment. This is helpful to guide the elderly to form normal walking habits and develop good healthy life habits.




5.3. Limitations and Future Research Directions


During urban socioeconomic transformation, the living environment and lifestyle of the elderly have undergone substantial changes. Lack of physical exercise increases the risk of obesity, high blood pressure, diabetes, and other diseases among the urban elderly. In general, international research on the impact of the built environment on physical activity began early in the 1960s and has become more systematic, with more theoretical and empirical research results [6,7,13]. Relevant studies in China are still in the initial stage, and there is a lack of theoretical construction and case analysis based on Asian living habits and urban environmental characteristics.



There were some limitations in this study. The information on walking activity level and spatial location was obtained from the memory records of the elderly, and there may be some errors between them and the real activity situation. Different spatial scales and geographical unit ranges will lead to significant differences in research conclusions.



Although this data collection period is in the context of the global pandemic of COVID-19. However, the case located in a low-risk area of epidemic situation, and there is no diseased population, which does not affect the relevant conclusions in this paper. Specifically, the case located in Gaoyou City, Jiangsu Province, China, and belongs to a county-level unit with relatively low population density. During the data collection period, the case area belonged to a low-risk area for epidemic prevention and control (no people infected from the social side), and the government did not take closed control measures on public places and communities. Therefore, the elderly can maintain their existing living habits and behavior habits. However, the COVID-19 is an epidemic disease, and research shows that this kind of disease may have a certain impact on the psychological cognition and behavior among the elderly [39]. In the follow-up study, we will further discuss the impact of related variable factors such as the COVID-19 on leisure walking activities of the elderly.



In the study of the range of human activity, different ranges of activity will map to different physical geographical environment elements. Therefore, there will be a mathematical statistical bias in the results. In the future, we should attempt to capture the spatiotemporal process and level of complete walking activities of the elderly using spatial tracking technology, such as GPS and motion recorder technology. Therefore, the influence mechanism of the urban built environment on walking activity can be accurately measured. This can help to predict the walking activity level of the elderly. In addition, we will study the spatiotemporal dimensions and related factors of physical activity in the elderly. We will further explore the mechanisms underlying the relationship between health effects, built environment, and physical activity.
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Figure 1. Overall framework of this study. 
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Figure 2. Study area and distribution of the surveyed communities. 
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Figure 3. Subjective and objective index system of built environment at the block level. 
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Figure 4. Features organization in the daily life circle at the block level. 
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Figure 5. Schematic representation of the hierarchical structure of the dataset. 
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Figure 6. Patency (a), convenience (b), comfort (c), and safety (d) of the built environment at the block scale. 
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Figure 7. Occurrence probability and activity time of leisure walking activities at different spatial distances among the elderly. 
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Table 1. Descriptive information on the sample of the elderly in the study (N = 1275).
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Item

	
Count

	
Proportion

	
Item

	
Count

	
Proportion

	
Item

	
Count

	
Proportion






	
Gender

	
Marital status

	
Retired




	
Male

	
691

	
54.20

	
unmarried

	
225

	
17.63

	
No

	
113

	
7.92




	
Female

	
584

	
45.80

	
married

	
1050

	
82.37

	
Yes

	
1162

	
92.08




	
Age

	
Household Size

	
BMI




	
60–70

	
874

	
62.34

	
<3

	
706

	
55.36

	
Normal

	
742

	
58.17




	
71–80

	
296

	
23.22

	
3–5

	
428

	
33.57

	
Overweight

	
427

	
33.48




	
>80

	
105

	
14.44

	
> 5

	
141

	
11.07

	
Obese

	
106

	
8.35




	
Education level

	
Monthly individual income

	
Self-rating health status




	
Primary school and below

	
193

	
15.14

	
<2000

	
219

	
17.18

	
Very good

	
155

	
11.37




	
Junior high school

	
621

	
48.71

	
2000–4000

	
782

	
61.30

	
Good

	
575

	
42.75




	
High school

	
199

	
15.61

	
>4000

	
274

	
21.49

	
Normal

	
258

	
25.63




	
Bachelor’s degree and above

	
262

	
20.55

	

	

	

	
Not good

	
287

	
20.25








Note: The proportion unit is%.
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Table 2. Correspondence between objective organization and subjective perception of built environment at the block level.
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Evaluation Dimension

	
Objective Establishment of Built Environment

	
Subjective Perception of Built Environment






	
Slow traffic environment

	
Quality of slow traffic construction

	
Attractiveness, safety, road environment




	
Density of slow traffic section

	
Connectivity, accessibility




	
Connectivity with Metro and bus stations

	
Accessibility




	
Intersection density

	
Connectivity, accessibility




	
Service facilities configuration

	
Attraction of facilities

	
Attractiveness




	
Facility accessibility

	
Accessibility
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Table 3. Index system for walkability at the block scale.
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Primary Indicator

	
Secondary Indicator

	
Calculation Formula

	
Quantitative Interpretation






	
Street connectivity

	
Road network patency

	
P1 = Choice(P)/Total depth (p)

	
Choice (P) means the selected read of the Pth node, Total depth (P) means the global depth of node.




	
Road network integration

	
P2 = Dn(N-2)/2(MD-1)

	
MD means street system average depth. N means the total number of nodes; Dn means diamond structure symmetry. N means the number of elements in diamond structure




	
Pedestrian street continuity

	
P3 = 1/σ

	
σ means the standard deviation representing the proportion of the area of all pedestrian-only streets within a street




	
Pedestrian street width

	
P4 = S1/S2

	
S1 represents the area of pedestrian-only roads in the street interface, S2 represents the area occupied by the motorway in the street




	
Street convenience

	
POI density

	
P5 = N/L

	
N represents the number of service facilities covered by a street. L represents the length of the street




	
POI accessibility

	
P6 = 0.6 * N300 + 0.3 * N600 + 0.1 * N900

	
N300, N600, and N900 represent the number of service facilities covered by the street within 300, 600, and 900 m, respectively




	
POI integrity

	
P7 = C

	
C means the number of representative service facilities




	
POI diversity

	
P8 = 1 − ∑(Ni – p1/Npoi)

	
Ni-p1 means the number of type N service facilities; Npoi represents the total number of service facilities within the street




	
Street comfort

	
Natural landscape

	
Subjective evaluation of the comfort of natural landscape

	
Measured by Likert 5-component scale method, Divided into 1 = strongly disagree, 2 = more disagree, 3 = fair, 4 = more agree, and 5 = strongly agree.




	
Human landscape

	
Subjective evaluation of human landscape comfort




	
Street security

	
Road safety

	
Subjective evaluation of road traffic safety around residential areas




	
Road night lighting

	
Subjective evaluation of night illumination of roads around residential areas




	
Road obstacles

	
Subjective evaluation of road obstacles around residential areas








Note: POI means point of interest. The POI usually refers to a certain type of service facility, including supermarkets, schools, an;1d shopping malls.
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Table 4. Occurrences of the elderly’s daily walking to major destinations at different spatial distances.






Table 4. Occurrences of the elderly’s daily walking to major destinations at different spatial distances.





	
Main Daily Walking

Location

	
Occurrence of Walking Activities (%)




	
500 m

	
500–800 m

	
800–1500 m

	
>1500 m






	
Square and park inside the residential area

	
53.32

	
12.16

	
19.33

	
15.19




	
Vegetable market, supermarket, convenience store

	
23.21

	
52.56

	
13.49

	
10.47




	
Schools, hospitals, banks

	
16.48

	
48.32

	
32.31

	
2.89




	
City Park, square, university

	
32.26

	
17.18

	
15.34

	
35.22




	
Large commercial complex

	
9.05

	
10.33

	
13.21

	
67.41
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Table 5. The Model Variance Estimation Results of Walking Activity Level Among the Elderly.
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	Model
	Variance

Proportion of

Individual
	Variance

Proportion of Inner Activity Circle
	Variance

Proportion of Outer Active Circle
	AIC/pD





	Modelα1
	2.813 (68.8%)
	1.276 (31.2%)
	NA
	43.292/178



	Modelα2
	2.756 (62.3%)
	1.276 (37.7%)
	NA
	41.693/172



	Modelβ1
	1.762 (47.5%)
	1.132 (32.7%)
	0.284 (19.8%)
	37.043/165



	Modelβ2
	2.813 (42.5%)
	1.132 (26.7%)
	0.284 (30.8%)
	41.192/163
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Table 6. The predicted value of activity probability in different spatial units.
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Inner Active Circle (Lowest)

	
Inner Active Circle (Highest)

	
Outer Activity Circle (Lowest)

	
Outer Activity Circle (Highest)






	
Walking intensity index

	
Maximum intensity

	
39.6%

	
31.2%

	
14.8%

	
23.7%




	
High intensity

	
25.6%

	
31.4%

	
20.9%

	
17.2%




	
Average intensity

	
35.2%

	
40.5%

	
28.5%

	
22.7%




	
Low intensity

	
10.4%

	
12.6%

	
8.4%

	
9.6%




	
Minimum intensity

	
10.9%

	
6.8%

	
4.9%

	
5.1%
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Table 7. Model analysis results of the built environment impact on leisure walking activities among the elderly.
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Walking Range within 800 m (Inner Space Unit)

	
Walking Range 800−1500 m (Outer Space Unit)




	
Model α1

Participate in Walking

Activities

	
Model α2

Walking Activity Time ≧ 150 min/Week

	
Model β1

Participate in Walking Activities

	
Model β2

Walking Activity Time ≧ 150 min/Week




	
Coef.

	
S.E.

	
Coef.

	
S.E.

	
Coef.

	
S.E.

	
Coef.

	
S.E.






	
Road network patency

	
1.036 *

	
0.067

	
0.851 *

	
0.062

	
1.724 **

	
0.078

	
1.305

	
0.063




	
Road network integration

	
0.033 *

	
0.024

	
0.042 **

	
0.037

	
0.067 **

	
0.042

	
0.056 **

	
0.039




	
Pedestrian street continuity

	
0.102

	
0.142

	
0.194

	
0.138

	
0.191

	
0.141

	
0.209

	
0.132




	
Pedestrian street width

	
0.205

	
0.351

	
0.149 **

	
0.322

	
0.166

	
0.375

	
0.176

	
0.316




	
POI density

	
−0.113

	
0.136

	
−0.127

	
0.128

	
−0.109

	
0.117

	
−0.116

	
0.097




	
POI accessibility

	
0.303

	
0.019

	
0.339 *

	
0.016

	
0.259

	
0.018

	
0.308 *

	
0.021




	
POI integrity

	
0.271

	
0.408

	
0.266 *

	
0.378

	
0.277

	
0.331

	
0.341 *

	
0.319




	
POI diversity

	
−0.133

	
0.024

	
−0.103

	
0.022

	
−0.202

	
0.027

	
−0.079

	
0.031




	
Natural landscape

	
0.302 **

	
0.152

	
0.248 *

	
0.149

	
0.291 **

	
0.117

	
0.286 **

	
0.108




	
Human landscape

	
0.068

	
0.375

	
−0.033

	
0.322

	
0.094

	
0.318

	
−0.025

	
0.298




	
Road safety

	
0.123

	
0.135

	
0.149

	
0.119

	
0.085

	
0.158

	
0.113

	
0.133




	
Road night lighting

	
0.208

	
0.027

	
0.195

	
0.038

	
0.359

	
0.021

	
0.167

	
0.019




	
Road obstacles

	
−0.318

	
0.413

	
−0.205

	
0.387

	
−0.312

	
0.315

	
−0.232

	
0.321




	
Parks and commercial spaces density

	
−0.411 *

	
0.378

	
−0.257 *

	
0.321

	
−0.473

	
0.257

	
−0.337

	
0.277




	
Gender: Female a

	

	

	

	

	

	

	

	




	
Male

	
0.217

	
0.383

	
0.473 *

	
0.362

	
0.229

	
0.278

	
0.418

	
0.229




	
Age

	
−0.025

	
0.024

	
−0.084

	
0.019

	
−0.125

	
0.032

	
−0.005

	
0.029




	
Education: Primary school and bellow

	

	

	

	

	

	

	

	




	
Junior high school

	
−0.267

	
0.142

	
−0.591

	
0.139

	
−0.167

	
0.116

	
−0.488

	
0.107




	
High school/Secondary school)

	
−0.161

	
0.351

	
−0.455

	
0.288

	
−0.062

	
0.272

	
−0.367

	
0.218




	
College/Undergraduate

	
−0.311

	
0.126

	
−0.751

	
0.172

	
−0.218

	
0.156

	
−0.664

	
0.132




	
Live with grandchildren: No a

	

	

	

	

	

	

	

	




	
Yes

	
−0.951 **

	
0.267

	
−1.037 ***

	
0.303

	
−0.945 **

	
0.322

	
−1.001 **

	
0.308




	
Working status: Working

	

	

	

	

	

	

	

	




	
/Retired

	
1.039 **

	
0.039

	
1.348 **

	
0.042

	
1.079 **

	
0.052

	
1.372 **

	
0.072




	
Personal monthly income: <2000 a

	

	

	

	

	

	

	

	




	
2000~4000

	
−0.494

	
0.074

	
−0.879

	
0.082

	
−0.153

	
0.092

	
−0.938 *

	
0.087




	
>4000

	
−0.213

	
0.107

	
−0.845

	
0.118

	
−0.156

	
0.107

	
−0.747

	
0.092




	
Other chronic diseases: No a

	

	

	

	

	

	

	

	




	
Yes

	
0.343

	
0.126

	
0.023

	
0.098

	
0.316

	
0.086

	
0.005

	
0.077




	
Adjusted R2

	
0.076

	
0.072

	
0.069

	
0.065




	
Log-likelihood

	
–276.221

	
–281.336

	
–289.362

	
–278.752




	
AIC

	
43.292

	
41.693

	
37.043

	
41.192








Note: a means the reference variable; *** means p < 0.001, ** means p < 0.05, and * means p < 0.1. The significant results are shown in bold.
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