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Abstract

:

In the current context of aging and urbanization, the rapid increase in the prevalences of disabilities (PoDs) has become an important consideration in healthy urban planning. Previous studies have focused on the spatial prevalence of total disabilities based on large-scale survey data. However, few studies have examined different types of PoDs and the factors contributing to spatial disparities in micro-urban units at the municipal level. This study aims to fill this gap by exploring the spatial PoDs, related built environments, and socio-economic factors across the Tianjin municipality in 2020. The study employed Getis–Ord GI* analysis to identify urban-rural disparities and ordinary least square (OLS) and quantile regression (QR) analyses to model the heterogeneous effects of the spatial PoDs-associated factors across quantiles. The results reveal that the PoDs, especially of visual, hearing, and limb disabilities, in the urban center, are significantly higher than those in rural areas, which is inconsistent with previous studies conducted in China. The urbanization rate, medical facilities, and education facilities significantly reduced the total PoDs, while the elderly population, migrant population, bus route density, and road density significantly increased it. The built environments and socio-economic factors had heterogeneous impacts on different types of PoDs, which were summarized into three categories based on these dominant factors: (1) visual and hearing disabilities were medical facility-dominated; (2) intellectual and limb disabilities were urbanization- and aging-dominated; and (3) mental and speech disabilities were migrant-dominated. This study provides scientific advice to adapt to the expected increase in demand for disability-related medical and public health services and to expand the range of effective strategies and interventions aimed at preventing the deterioration of disability and improving disability management in the population.
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1. Introduction


Approximately 1.3 billion individuals, or 16% of the global population, live with some form of disability. The increasing prevalences of disabilities (PoDs), coupled with factors such as an aging population, advancements in medical technology, evolving definitions of disability, environmental degradation, and unhealthy lifestyles, have garnered significant scholarly attention. Previous studies have explored the spatial distribution in PoDs that varies significantly across the globe, continents, countries, provinces, and cities [1,2]. Moreover, the prevalence of specific disability types and the factors influencing their spatial distribution exhibit substantial variation [3]. However, given the significant disparities in rural–urban development, there is currently limited research on the PoDs within cities. Furthermore, there is a lack of in-depth analysis on the incidence of different types of disabilities and their associated factors. Therefore, there is a pressing need for more comprehensive studies to enhance our understanding of disability prevalence and its multifaceted aspects within urban settings.



1.1. Urban–Rural Disparities of PoDs


Evaluations of spatial disparities in PoDs at different scales have yielded inconsistent results. Globally, PoDs are lower in the Global North and higher in the Global South due to factors such as limited healthcare access, poverty, malnutrition, insufficient education and employment opportunities, and unsafe living conditions [4]. Urban–rural disparities in PoDs are prevalent in the Global South. Velayutham et al. demonstrated that disability rates in India were higher in rural areas compared to urban ones (5593 vs. 4181 per 100,000) [5]. Zheng et al. found that, between 1987 and 2006 in China, PoDs in rural areas were consistently higher than in urban areas, exhibiting a notable upward trend [6]. A study in Monaco also revealed that factors such as older age, lower education levels, unemployment, being single, and living in rural areas were associated with higher prevalence rates of disability, which varied widely geographically [7].



Different types of PoDs also vary between urban and rural settings. In the United States, for instance, adults living in rural counties were 9% more likely to report having a disability in 2016, 24% more likely to report having three or more disabilities, and 7% to 35% more likely to report cognition and hearing disabilities than those living in large metropolitan centers [8]. Hajjioui et al. found that individuals living in rural areas in Morocco were associated with higher PoDs, with visual and motor impairments being the most common disability modalities [7]. Research on limb disability shows conflicting findings: urban areas may exhibit diverse limb disabilities from aging, accidents, violence, and congenital conditions [9], while rural areas may have higher rates due to agricultural accidents, lack of safety regulations, and limited access to rehabilitation services [10]. Research findings on the prevalence of intellectual disabilities in urban and rural areas are inconclusive, as various factors such as genetic conditions, prenatal care, and environmental factors contribute to the complexity of the relationship [11,12]. Furthermore, urban areas may have higher rates of mental health disorders and emotional disabilities due to various stressors, lifestyle factors, and the availability of mental health services [13].




1.2. Associated Factors Contributing to Urban–Rural Disparities of PoDs


Differences in PoDs between urban and rural areas primarily stem from variations in socio-economic and built environments. [5,6] On one hand, research on disability, which originated in the medical field, emphasized the medicalization of disability as a significant factor in society’s marginal treatment of disability issues. Consequently, disability-related medical and public health services play a crucial role in the rehabilitation and treatment of disabled individuals, as well as in the urban–rural disability prevalence gap [14]. A 1997 study found that communicable, maternal, perinatal, and nutritional disorders accounted for 43.9% of the causes of death and disability worldwide [15]. These disorders disproportionately burden rural areas, particularly in the Global South [16]. The World Health Organization noted that the rising PoDs were attributable to aging populations, higher risks of disability among older individuals, and the global increase in chronic health conditions such as diabetes, cardiovascular disease, cancer, and mental health disorders. Numerous studies confirmed that a wider prevalence gap between rural and urban areas is observed among older groups, particularly concerning hearing, visual, and limb disabilities [17]. Due to persistent inefficiencies and uneven resource distribution, as well as differences in economics, healthcare, urbanization, and population density between urban and rural areas, it is challenging to foresee significant improvements in care services and elderly care in rural areas anytime soon [9]. Urbanization and industrialization, reflected in the development of transport systems such as station density and road network density, introduce environmental factors that may contribute to disability incidence. For example, higher pollution levels or exposure to toxins in densely populated areas could potentially impact respiratory health, leading to respiratory disabilities [18]. Similarly, increased traffic density might raise the risk of accidents, resulting in various types of disabilities [19].



On the other hand, the social model reconceptualized the medical model, positing that social, attitudinal, and environmental barriers in society play a significant role in disabling individuals with physical and/or mental impairments [20]. This perspective raised academic concerns about whether rural and urban contexts are more or less likely to facilitate participation and social inclusion for those with or without disabilities. It also determines the role of social participation in shaping subjective feelings of social integration. People living in rural areas are more likely to be less educated, unemployed, single, and alienated from friends and relatives, factors associated with higher disability prevalence rates [9]. Individuals working in rural areas or rural migrants often encounter challenging work environments and perceptions of compensability, which significantly contribute to the incidence of chronic disability. Moreover, they may encounter barriers in accessing social activities, community events, or maintaining social connections, leading to social isolation and negative impacts on mental health, such as higher rates of depression, anxiety, and reduced overall well-being [21].




1.3. Research Gaps


To summarize, most empirical studies predominantly support disparities in disability prevalence attributed to unequal development and urban–rural heterogeneity across various disability types. However, these studies have been limited to an urban/rural binary perspective and seldom visualize spatial differences in disability prevalence based on urban spatial structure. Furthermore, explaining the spatial distribution of different types of disability within urban spaces has proven challenging. Secondly, although studies have investigated the influence of socio-economic factors and built environments on disparities in disability prevalence between urban and rural areas, there is a limited exploration of the heterogeneity of these effects across different disability types. Furthermore, the diverse spatial patterns of disability prevalence, especially in less developed countries and regions, have received insufficient attention.



As a developing country with the world’s largest disabled population, China has always prioritized disability issues in the World Health Organization’s agenda. This study choses Tianjin, a representative large city in China, as the research area. It divides Tianjin into urban centers, urban fringes, and rural areas to examine the spatial patterns of PoDs and urban–rural disparities in the prevalence of different disability types within the municipality, using aggregated registration information from the Tianjin Disability Database 2020. It also analyzes the impacts of related socio-economic factors and built environments on the spatial prevalence of different disability types, extracting various dominant elements. Specifically, two key research questions will be answered: (1) Whether significant urban–rural disparities exist in the spatial distribution of PoDs, and which disability types are concentrated in urban areas, urban fringes, or rural areas? (2) What are the associated factors influencing PoDs, and which factors dominate for different disability types?





2. Methods


2.1. Study Area


Tianjin, a significant industrial megacity southeast of Beijing, was chosen as the study area. According to the Tianjin Master Plan (2021–2035), Tianjin’s sub-districts can be classified into three regions: urban center (the central urban area, encompassing inner circles), urban fringe (located between urban and rural areas surrounding the central urban area), and rural areas (outer city regions and predominantly rural areas) (Figure 1). In 2020, the number of certified disabled individuals reached approximately 350,000, representing a diverse cross-section of ages, genders, and types of disabilities. There are seven types of disabilities, including up to 235,200 persons with limb disabilities, fewer than 10,000 individuals with speech and multiple disabilities, and between 20,000 and 30,000 persons with intellectual, mental, hearing, and visual disabilities (Figure 2).




2.2. Data Collection


This study utilized four primary data sources. Firstly, we collated the spatial location data of different types of certified disabled people at the sub-district level from the Tianjin Disability Database. Secondly, we collected information on the location and descriptors of disability service facilities, such as disability schools, disabilities daycare centers, rehabilitation centers, integrated disabled services, and disability employment services, including their type, year of construction, area, medical and nursing personnel numbers, from the Database of Disabled Facilities in Tianjin. Both types of data sources used in this study were obtained through a cooperation project with the Tianjin Disabled Persons’ Federation (TDPD). The project aimed to assess the adequacy of public service facility planning for individuals with disabilities, primarily based on the distribution of the disabled population. The details of the data processing have been described elsewhere [22]. Thirdly, we obtained location data on public service facilities from Gaode Map POI data (Gaode Map, 2020). Fourthly, we acquired population data at the sub-district (or town) level from the Seventh Census in 2020. Economic and urbanization data were drawn from the Tianjin district-level statistical yearbook for 2021.




2.3. Hotspot Analysis of PoDs


We initially performed a normality test on both the total PoDs and different types of PoDs. The results revealed that neither the total PoDs nor individual types of PoDs followed a normal distribution. This non-normal distribution made them suitable for the application of the Getis–Ord Gi statistics. Subsequently, we then utilized the Getis–Ord statistic to identify PoD hotspots. This test assesses whether the clusters of crashes are statistically significant. The resultant z value expressed either high or low values of neighboring features. Features with a high value may not be a statistically significant hot spot. To be a statistically significant hotspot, a feature will have a high value and be surrounded by other features with high values as well. A positive z score indicates a hotspot, and the larger the z scores, the more intense the clustering, while a z score indicates cold spot and the smaller the z score indicates the more intense clustering of low values (cold spot) [23]. The Getis–Ord General G and Getis–Ord local statistics are given as Equations (1) and (2):
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where n is the number of spatial units, xi is the attribute value for feature i, xj is the attribute value for feature j, and wij is the spatial weight between feature i and j.




2.4. Modeling the Associated Factors of PoDs


2.4.1. Variables


(1) Dependent variables



The number and proportion of individuals with disabilities serve to elucidate the connection between disability and socio-economic and built environments. It is important to highlight that the proportion of persons with disabilities signifies the prevalence of disability and can offer more insightful information when examined within microspatial units of cities, considering the significant variation in total population sizes. In this study, we used total PoDs and different types of PoDs as dependent variables. PoDs were calculated by determining the percentage of persons with disabilities (or persons with various types of disabilities) per sub-district, relative to the total population.



(2) Independent variables



To effectively address the challenges of disability prevention and rehabilitation, it is imperative to have a comprehensive understanding of its associated factors. Building upon existing studies on the prevalence of disability [24], this study incorporates various socioeconomic variables. Per capita GDP serves as an indicator of overall economic conditions, influencing resource availability, services, and support systems for individuals with disabilities. The urbanization rate reflects the extent of urban development and population concentration in urban areas. The elderly population rate was included due to the association between aging and a higher probability of disability and age-related impairments. Moreover, the migrant population rate was considered to explore the impact of factors such as language barriers, cultural differences, and limited resource access on the well-being and inclusion of migrants with disabilities.



The study also incorporates several built environment factors such as access to public services, traffic density, and access to disability service facilities. These factors fall within the category of built environments, which focuses on the services that directly impact the accessibility and quality of life for persons with disabilities. Basic public services, encompassing education, medical, commercial, and sports facilities, are vital for ensuring equal opportunities and inclusion. Transport density influences mobility and access to employment, education, and healthcare facilities. Moreover, public services specifically designed for persons with disabilities, such as special schools, nursing centers, rehabilitation facilities, and employment service facilities, play a crucial role in promoting independent living and social participation.



A detailed description of variables is presented in Table 1, and all variables were calculated at the sub-district level. To improve the distributional symmetry of the variables and mitigate potential heteroskedasticity issues, a log transformation is applied to all variables.




2.4.2. Quantile Regression (QR)


Ordinary least square (OLS) regression is the minimum variance unbiased estimator, which requires the random disturbance term of the OLS regression to have a zero mean and be identically distributed (i.i.d.). Additionally, the error term must follow a normal distribution. However, De Silva et al. (2016) argue that these assumptions do not hold true in real economic life, as the data for socioeconomic indicators may exhibit different distributional patterns [25]. To overcome the limitations of OLS analysis, the quantile regression (QR) estimation method, established by Koenker and Bassett Jr (1978), is widely employed [26].



There are three primary motivations for implementing QR estimation. First, QR does not require the presence of a moment function assumption. Second, QR offers more accurate and robust findings in the presence of outliers and heavy-tailed distributions, as demonstrated by Bera et al. [27]. Finally, the QR method does not impose any distributional assumptions, as noted by Sherwood an Wang (2016) [28].



This study employs the QR approach to examine the associated factors of PoDs. The quantile estimator is obtained by solving the following optimization problem, as shown in Equation (3):
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For the quantile (0 << 1), where     y   i     is the dependent variable and     x   i     is k by 1 vector of the explanatory variables.






3. Results and Discussion


3.1. Urban–Rural Disparities of PoDs


3.1.1. Spatial Pattern of Total PoDs


In this study, we employed the natural breaks method to examine the spatial distribution of the PoDs at the sub-district level in Tianjin, as depicted in Figure 3 (left). The findings revealed that disabled individuals were predominantly concentrated in the urban center, with only a handful of sub-districts on the urban periphery exhibiting substantial disabled populations. In contrast, rural areas generally displayed low PoDs. Moreover, using Getis–Ord General G and Getis–Ord GI* analyses, we determined that PoDs demonstrated a significant spatial clustering pattern. As illustrated in Figure 3 (right), the distribution of PoDs in Tianjin displayed persistent concentration and relative dispersion, with hotspots mainly situated in the urban core and a limited number of rural areas. Conversely, cold spots were dispersed across the urban fringes and suburban rural areas.




3.1.2. Spatial Pattern of Different Types of PoDs


As illustrated in Figure 4, the spatial patterns of different types of PoDs displayed noticeable urban–rural disparities. The global spatial autocorrelation results demonstrated that the Getis–Ord General G value for all types of PoDs was greater than 0 and passed the significance test, signifying the presence of spatial autocorrelation in this study (Table 2).



The hotspots for the prevalence of visual (PoD_visual, Figure 4a), hearing (PoD_hearing, Figure 4b), and limb (PoD_limb, Figure 4c) disabilities were situated in the urban center, with PoDs exceeding 0.033% (visual), 0.028% (hearing), and 2.43% (limb). Cold spots were located in urban fringes with PoDs below 0.5% (visual), 0.3% (hearing), and 4.5% (limb).



The distribution of hotspots for the prevalence of mental disabilities (PoD_mental) (Figure 4d) was relatively dispersed, with significant hotspots primarily concentrated in the urban center, where the PoDs for all sub-districts was approximately over 2.9%, and in remote rural areas with PoDs exceeding 1.7% for some sub-districts. Cold spots were identified in suburban rural areas with PoDs below 0.4%.



The hotspots for the prevalence of intellectual and speech disabilities were found in rural areas. The prevalence of intellectual disabilities (PoD_intellectual) (Figure 4e) had significant hotspots mainly concentrated in suburban rural areas with PoDs exceeding 0.35%. Cold spots were identified in urban fringes with PoDs for most sub-districts below 0.05%. The hotspots for the prevalence of speech disability (PoD_speech) (Figure 4f) were concentrated in urban fringes with PoDs over 0.07% and in the north-central rural area with PoDs exceeding 0.11%. Cold spots were located in remote rural areas with PoDs below 0.02%.



Overall, PoD_limb was significantly higher than that of the other disability types, while PoD_speech was notably lower. The urban center and its neighboring areas were the primary hotspots for PoD_visual, PoD_hearing, PoD_limb, and PoD_mental in Tianjin, with urban fringes being hotspots for PoD_speech, and rural areas for PoD_intellectual and PoD_speech.





3.2. Associated Factors of PoDs


3.2.1. Associated Factors of Total PoDs


QR was utilized to investigate whether socio-economic factors and the built environment were associated factors of PoDs. The results are presented in Table 3, which reports the 10th, 20th, 30th, 40th, 50th, 60th, 70th, 80th, and 90th percentiles for the total PoDs and different types of PoDs. For the total PoDs, the OLS result demonstrates that the impact of urbanization (URB) is negatively associated with PoDs, and the QR results show an increasing trend from −0.403 in the 10th quantile to −0.366 in the 90th quantile. Although research by Gong et al. found that rapid urbanization in China was linked with an increasing disease burden, this finding provides evidence of the potential advantages of urbanization on PoDs [29]. It suggests that the benefits of urbanization, such as improved access to healthcare, sanitation, and secure nutrition outweigh the negative impacts of issues like overcrowding, pollution, social deprivation, crime, and stress-related illnesses.



Medical facilities (MED_FACS) also emerged as a significant negative predictor of PoDs, which is consistent with the disability and medical theory asserting that medical status is a critical determinant of disability [19]. Bus and road density (BUS_DEN and ROAD_DEN) were significant positive predictors of PoDs. The rapid development of road traffic has increased traffic injuries in developing countries, leading to a rising number of disabled individuals [19]. Migrant population (MIG_POP) positively impacted PoDs at the 30th–60th quantile levels, indicating that the migrant population increased PoDs in rural areas with mid-level PoDs. Rural migrants often engage in the informal economy, such as construction, transport, and other manual labor industries, which can result in injury, instability, and limb and mental disabilities [22]. The QR coefficients of the elderly population (ELD_POP) were significant at the 70th–90th quantiles, suggesting that population aging increased PoDs in urban centers where life expectancy for elderly individuals is highest. Education facilities (EDU_FACS) were negatively significant at the 80th and 90th quantiles, implying that education levels reduced PoDs in urban centers. These results confirmed that higher education levels help raise awareness of prenatal diagnosis and disease prevention, which are closely related to the causes of disability.




3.2.2. Dominant Factors of Different Types of PoDs


To examine the association between socio-economic factors, the built environment, and different types of PoDs, separate OLS and QR analyses were conducted. The study demonstrates significant heterogeneity in the impact of associated factors on various PoD types. Most factors are significantly associated with specific PoDs only at particular quantile levels.



For the PoD_visual and PoD_hearing, OLS analyses demonstrate that the coefficients of medical facilities had a significantly negative effect. QR results indicate that the correlation is only significant at high percentiles. The effect size decreased from −0.069 in the 50th percentile to −0.140 in the 90th percentile for PoD_visual, and from −0.188 in the 60th percentile to −0.474 in the 90th percentile for PoD_hearing, respectively. Moreover, the results of OLS and QR indicated a positive correlation between public transportation and PoD_visual or PoD_hearing (excluding PoD_hearing in the 90th quantile). Notably, for PoD_hearing, the correlation increased from 0.089 in the 10th percentile to 0.113 in the 80th percentile, suggesting that it was gradually increasing with the growth of public transportation density.



For PoD_limb and PoD_intellectual, both OLS and QR analyses demonstrate that the coefficients of URB have a significantly negative effect. In the case of PoD_limb, urbanization (URB) coefficients are higher in the low (10th–20th) and high (70th–90th) quantiles. On the other hand, for PoD_intellectual, urbanization (URB) coefficients are higher in the middle (40th–70th) quantiles. This suggests that urbanization reduces PoD_limb in urban centers and fringes, as well as PoD_intellectual in urban centers. Furthermore, the OLS results reveal that the elderly population (ELD_POP) increases both PoD_limb and PoD_intellectual. The QR results indicate significance at high quantiles, suggesting that the effect of an aging population is more pronounced for higher levels of PoD_limb and PoD_intellectual. Additionally, the density of roads (ROAD_DEN) had contrasting effects, leading to a decrease in PoD_intellectual, but an increase in PoD_limb. Finally, QR results show that medical and education facilities (MED_FAC and EDU_FAC) decrease PoD_limb and PoD_intellectual at middle-high quantiles (predominantly in rural areas), respectively.



For PoD_mental and PoD_speech, both OLS and QR results reveal a significant positive correlation with the migrant population. The coefficients of the migrant population increase across quantile levels, indicating a stronger association between the migrant population and higher levels of PoD_mental and PoD_speech. For PoD_mental, study found that urbanization (URB) had a negative correlation with prevalence in the low quantile levels (10th–20th), but a positive correlation in the middle to high quantile levels (30th–90th). Additionally, the elderly population (ELD_POP) and bus and road density (BUS_DEN, ROAD_DEN) were significantly correlated with the increase in PoD_mental at high quantile levels. Regarding PoD_speech, density of bus stops (BUS_DEN) has a significant negative impact on middle to low quantiles (10th, 20th, 30th, 50th), indicating that areas with lower bus density (typically on urban fringes or rural areas) have higher levels of PoD_speech.






4. Discussion


4.1. Urban–Rural Disparities of PoDs


The spatial distribution of total PoDs in Tianjin municipality showed significant urban–rural disparities, with higher PoDs in urban centers. These findings demonstrated that the majority of disabilities exhibited an urbanization phenomenon, which contradicts some previous studies that reported higher PoDs in rural areas [30]. The high-density urban environment and serious aging trends in urban areas may contribute to the distinct distribution of disabilities and chronic diseases [31]. It underscores the need to re-evaluate the health implications of significant changes in urban and rural demographic structures and the rapid pace of urbanization [32].



The prevalence of different types of disability varies across urban and rural areas, indicating differences in the causes of disability between these settings. Contrary to previous conclusions, PoD_visual, PoD_hearing, and PoD_limb show significant accumulation in urban centers, challenging the notion of rural dominance. These findings suggest that ongoing changes in disability factors and trends will influence projections of incidence and disability prevalence [33]. However, the higher PoD_intellectual and PoD_speech were still found in rural areas due to higher prevalence among children and adolescents, associated with socio-economic development [34].




4.2. Categories Based on the Dominant Factors


The study found that urbanization rate, migrant population, elderly population, medical facilities, education facilities, bus route density, and road density had significant impacts on PoDs, with varying effects on different types of disabilities. Based on the dominant factors, the six types of disabilities were categorized into three groups.



4.2.1. Medical-Dominated Type


The first type is medical facility-dominated, which includes PoD_visual and PoD_hearing. According to the data from the second national sample survey of people with disabilities (2nd National Disability Survey) in Tianjin, the leading causes of visual disability were cataracts (42.6%) and retinal and pigment membrane lesions (11.8%), while the leading causes of hearing disability were presbycusis (53.6%), otitis media (12.2%), and systemic disease (6.2%). These diseases are age-related and have become more prevalent as life expectancy has increased [5]. However, they can now be effectively treated or alleviated through medical and rehabilitation means [35]. Due to their unique communication and sensory needs and higher risk of chronic diseases, individuals with visual and hearing impairments, particularly older adults, often require adequate medical facilities and care.



Moreover, as urban public transportation facilities become more accessible, they can increase employment, education, and other opportunities, improve the overall quality of life for those with sensory disabilities, and reduce social isolation [36]. Consequently, individuals with visual or hearing disabilities might cluster in areas with more developed public transportation facilities [37].




4.2.2. Urbanization- and Aging-Dominated Type


In the second type, urbanization and population aging predominate, encompassing both limb and intellectual disabilities. The 2nd National Disability Survey reveals that cerebrovascular diseases (38.5%), osteoarthrosis (18.5%), other injuries (7.5%), industrial accidents (6%), and traffic accidents (5%) are the primary causes of limb disabilities. Brain diseases (41%) and hereditary factors (15%) account for most intellectual disabilities. It confirms that in advanced societies, degenerative diseases such as cerebrovascular and brain diseases have supplanted nutritional deficiencies and infectious diseases as primary causes of death and disability [38]. The prevalence of these diseases increases with age, and urbanization improves access to healthcare facilities, leading to significant reductions in disability rates [39].



However, urbanization was also associated with an increase in the migrant population, which in turn led to an increase in PoD_limb. This finding supports previous research suggesting that high rates of PoD_limb can be partly attributed to industrial accidents and other injuries resulting from informal employment [22].



Additionally, road density (ROAD_DEN) had divergent effects on PoD_intellectual and PoD_limb. This highlights the importance of road traffic development in rehabilitating intellectual disabilities. However, it also confirms the higher rates of traffic accidents observed in developing countries, which contribute to an increased prevalence of limb disabilities [40].



Furthermore, the results indicate that medical facilities are associated with a decrease in PoD_limb, consistent with previous findings on improved medical conditions reducing osteoarthrosis-related disability rates. Educational facilities (EDU_FACS) are linked to a reduction in PoD_intellectual, potentially due to improved medical knowledge through enhanced education in rural areas, including better prenatal care to mitigate hereditary-related intellectual disabilities [41].




4.2.3. Migrant-Dominated Type


The third type is characterized by a migrant population and encompasses both mental and speech disabilities. The 2nd National Disability Survey identifies schizophrenia (60.8%) and dementia (8.2%) as the primary causes of mental disabilities, while cerebral infarction (40.9%) and hearing impairment (15.5%) are the leading causes of speech disabilities. This is in line with previous research suggesting that factors such as environmental stressors, language barriers, discrimination, and social isolation may lead to higher mental illness rates among migrants [42]. Migrants (MIG_POP), who often have temporary residence and frequent relocation, may face higher speech disability risks than permanent residents. While no conclusive evidence links language disabilities to this population, research indicates that lifestyle differences and limited healthcare access, including health insurance, may contribute to increased risk. Factors like migrant status, unstable residence, and limited healthcare resources may further exacerbate this vulnerability.



Furthermore, several additional factors have been identified as being linked to mental disability. Firstly, higher natural environmental exposure is associated with better mental health outcomes, while increased urbanization may elevate the risk of mental illness [43]. Secondly, studies have consistently shown a positive correlation between the elderly population (ELD_POP) and mental disabilities, which can be attributed to chronic health conditions, social isolation, and cognitive decline [44]. Moreover, transportation factors (ROAD_DEN) are also linked to mental disabilities. The results support previous research indicating that living near busy roads may increase the incidence of mental illness due to air pollution compared to quieter areas [45]. Additionally, exposure to public transportation and car traffic has been found to raise the risks of anxiety and depression, potentially stemming from low satisfaction with public transportation [46].



In the context of speech disability, it has been found that areas situated on the urban fringes or rural areas are negatively affected by bus density (BUS_DEN). This can result in reduced mobility for individuals with speech disabilities due to factors such as noise pollution, traffic congestion, and limited accessibility. These difficulties can contribute to communication barriers, which in turn may lead to increased social isolation.






5. Conclusions and Policy Recommendations


Although there is a certain awareness of disability in the field of healthcare, the spatial distribution of the prevalence of disability within Chinese municipalities remains relatively under-researched. This study uses aggregated registration information from the Tianjin Disability Database 2020 to identify urban–rural disparities in PoDs. Additionally, it investigates the heterogeneous impacts of socio-economic and built environment variables on different types of PoDs. The methodological approach employed in this study can serve as a framework for conducting comparative studies in other regions or countries. Researchers can adapt and apply our methodology to different geographic contexts to explore the associations between disability and relevant factors in those specific areas. By employing a similar approach, these studies can gain valuable insights into the unique challenges and opportunities related to disability in diverse socio-cultural settings. Furthermore, the findings of this study have implications for policy and urban planning, aiming to improve accessibility and inclusion for individuals with disabilities. Policymakers and urban planners can use the research outcomes to identify priority areas and develop targeted interventions, addressing specific needs and promoting inclusivity to enhance well-being.



First, the spatial distribution of total PoDs in the Tianjin municipality showed significant urban–rural disparities, with higher PoDs in urban centers. This finding contradicts previous studies in developing countries, which found higher PoDs in rural areas [6], and prompts the Global South to re-examine the health implications of dramatic changes in urban and rural demographic structures and rapid urbanization [29]. Similarly, PoD_visual, PoD_hearing, and PoD_limb also exhibit significant urban center accumulation, contradicting previous conclusions indicating rural dominance [8]. This suggests that current changes in disability factors and trends will impact projections of incidence and disability prevalence [33].



Second, urbanization rate, migrant population, elderly population, medical facilities, education facilities, bus route density, and road density (Figure A1) significantly impacted PoDs and had heterogeneous impacts on different types of PoDs. This study summarized them into three categories based on the dominant factors: medical facility-dominated (visual and hearing disabilities), urbanization- and aging-dominated (intellectual and limb disabilities), and migrant-dominated (mental and speech disabilities). These categories are closely related to the socio-economic and built environment differences between urban and rural areas behind various types of disability. Adequate medical facilities and care benefit functional disabilities [47], such as visual and hearing disabilities, while having weaker impacts on cognitive disabilities, such as intellectual and mental disabilities. Rapid urbanization has a dual effect on disability: improved access to healthcare, sanitation, and secure nutrition benefit intellectual and limb disabilities, while overcrowding, pollution, social deprivation, crime, and stress-related illnesses exacerbate mental and speech disabilities [48]. The increased PoDs due to aging are confirmed [49], particularly in intellectual and physical disabilities and visual and hearing disabilities in urban centers. Inequalities in healthcare, education, and social isolation faced by migrant populations have increased the prevalence of some types of disability, providing new empirical research for social models of disability [20].



Our results have important policy implications for the spatial governance of disability. First, focusing on the sharp increase in disability burden in the context of an aging population, specific services should be provided to the elderly in various areas, including disease prevention, treatment, disability rehabilitation, and care. Second, despite the high availability of medical services in urban centers, gaps in health service provision related to the surge in disability prevalence will persist. Strengthening medical service provision in urban centers could curb this surge. Third, specialized clinics and rehabilitation institutions should be established for individuals with intellectual and psychological disabilities in rural areas to meet their urgent needs for early rehabilitation and long-term treatment. Finally, for migrant populations, especially rural migrant workers, vocational training should be strengthened, and working conditions and social security should be improved to reduce the risk of occupational disability and social isolation [50].



This study has limitations. First, this study relies on cross-sectional data and cannot demonstrate the changing pattern of the prevalence of disability over time. Vertical cross-sectional studies with time spans will play a greater role in exploring the spatial and temporal patterns of disability and changes in disabling factors. Second, because of the availability of data, the selection of socio-economic variables still has some limitations. More variables, such as income level, birth rate, etc., will be added to future studies. Thirdly, to ensure overall data availability, the study was conducted at the sub-district level, albeit with the compromise of certain data, such as access to public facility. However, it is acknowledged that conducting the study at a more detailed spatial unit would enhance its accuracy. Furthermore, although the current single-city study is more detailed in the spatial unit, it does not fully represent the overall prevalence of disability in Chinese cities. Future studies should select multiple types of cities of different sizes for comparison.
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Figure A1. Spatial distribution of significant factors in Tianjin. (a) Urbanization rate; (b) Migrant population; (c) Urbanization rate; (d) Migrant population; (e) Urbanization rate; (f) Bus route density; (g) Road density. 
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Figure 1. The administrative structure and classification of Tianjin municipality. 
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Figure 2. The number of disabled people based on disability types in Tianjin. 
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Figure 3. Spatial distribution and cold and hot spot spatial pattern of the PoDs in Tianjin. 
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Figure 4. Spatial distribution and cold and hot spot spatial pattern of different types of PoDs in Tianjin. (a) PoD_visual; (b) PoD_hearing; (c) PoD_limb; (d) PoD_mental; (e) PoD_intellectual; (f) PoD_speech. 
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Table 1. The associated factors of PoDs.
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Variable Category

	
Variable

	
Abbreviation

	
Description






	
Socio-economic variables

	
Per capita GDP

	
PGDP

	
Measured by the rate of per capita GDP.




	
Urbanization

	
URB

	
Measured by rate of urbanization




	
Elderly population

	
ELD_POP

	
Measured by the percentage of the population aged 65 and above.




	
Migrant population

	
MIG_POP

	
Measured by the percentage of the non-household registration population.




	
Built environment variables

	
Access to public services

	
Education facilities

	
EDU_FACS

	
Measured by the total numbers of service facilities per sub-district buffer zone

	
Spatial analysis techniques

① Create 1 km buffer per sub-street using ArcGIS “Buffer” tool;

② Calculate the number of facilities/bus stops/road length in the buffer zone using ArcGIS “spatial join” tool;

③ Calculate the ratio of number of bus stops/road length to sub-street area




	
Medical facilities

	
MED_FACS




	
Commercial facilities

	
COM_FACS




	
Sport facilities

	
SPO_FACS




	
Access to disabled services facilities

	
Special schools

	
DIS_SCH




	
Nursing centers

	
DIS_DAY




	
Rehabilitation facilities

	
DIS_REH




	
Employment service facilities

	
DIS_EMPY




	
Density of traffic

	
Density of bus stops

	
BUS_DEN

	
Measured by the ratio of the total number of bus stops/road length per sub-district buffer zone to the area of the sub-district




	
Density of roads

	
ROAD_DEN
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Table 2. Getis–Ord General G and the significance of PoDs.
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	Total
	Visual
	Hearing
	Limb
	Mental
	Intellectual
	Speech





	General G
	0.0023
	0.0033
	0.0032
	0.0020
	0.0040
	0.0015
	0.0083



	Z
	4.917
	7.532
	9.053
	3.234
	9.361
	8.211
	6.470



	p
	p < 0.001
	p < 0.001
	p < 0.001
	p < 0.001
	p < 0.001
	p < 0.001
	p < 0.001
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Table 3. Results of the quantile regression analysis.
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Disability Type

	
Variables

	
OLS

	
Quantile Levels




	
10th

	
20th

	
30th

	
40th

	
50th

	
60th

	
70th

	
80th

	
90th






	
All

	
URB

	
−0.420 **

(−3.777)

	
−0.403 **

(−2.673)

	
−0.467 **

(−4.512)

	
−0.275 **

(−3.655)

	
−0.237 **

(−3.540)

	
−0.291 **

(−4.277)

	
−0.328 **

(−4.644)

	
−0.388 **

(−5.075)

	
−0.366 **

(−4.093)

	
−0.229

(−1.825)




	
MIG_POP

	
−0.023

(−0.180)

	
−0.114

(−0.621)

	
−0.129

(−1.038)

	
0.179 *

(2.088)

	
0.261 **

(3.458)

	
0.216 **

(2.847)

	
0.167 *

(2.180)

	
0.087

(1.039)

	
0.071

(0.732)

	
−0.009

(−0.067)




	
ELD_POP

	
0.148

(1.502)

	
0.095

(0.491)

	
0.065

(0.563)

	
0.027

(0.349)

	
0.025

(0.343)

	
0.016

(0.217)

	
0.045

(0.611)

	
0.255 **

(3.263)

	
0.298 **

(3.666)

	
0.418 **

(2.790)




	
MED_FACS

	
−0.267 **

(−3.124)

	
−0.114

(−0.704)

	
−0.174

(−1.291)

	
−0.163

(−1.696)

	
−0.086

(−1.009)

	
−0.180 *

(−2.073)

	
−0.227 *

(−2.513)

	
−0.275 **

(−2.918)

	
−0.161

(−1.482)

	
−0.176

(−0.992)




	
EDU_FACS

	
0.000

(0.000)

	
0.013

(0.444)

	
0.008

(0.489)

	
0.002

(0.187)

	
−0.001

(−0.062)

	
−0.005

(−0.588)

	
−0.001

(−0.154)

	
0.001

(0.169)

	
−0.026 **

(−2.709)

	
−0.032 **

(−2.880)




	
BUS_DEN

	
0.098 **

(3.401)

	
0.105 **

(2.763)

	
0.162 **

(5.392)

	
0.111 **

(4.589)

	
0.103 **

(4.400)

	
0.092 **

(3.718)

	
0.105 **

(4.010)

	
0.095 **

(3.222)

	
0.103 **

(3.003)

	
−0.022

(−0.474)




	
ROAD_DEN

	
2.231 *

(1.967)

	
−0.001

(−0.001)

	
0.437

(0.492)

	
0.394

(0.591)

	
0.352

(0.579)

	
1.785 **

(2.944)

	
2.687 **

(4.352)

	
2.546 **

(3.738)

	
2.530 **

(3.127)

	
3.535 **

(3.170)




	
Visual

	
URB

	
−0.046

(−0.577)

	
−0.100 *

(−2.320)

	
−0.102 **

(−3.035)

	
−0.097 **

(−3.134)

	
−0.057 *

(−2.073)

	
−0.048

(−1.873)

	
−0.026

(−1.004)

	
−0.070 *

(−2.555)

	
−0.104 **

(−3.430)

	
−0.071

(−1.773)




	
MIG_POP

	
0.026

(0.454)

	
−0.043

(−0.815)

	
−0.024

(−0.599)

	
−0.011

(−0.305)

	
0.053

(1.681)

	
0.083 **

(2.895)

	
0.100 **

(3.519)

	
0.055

(1.833)

	
0.026

(0.780)

	
−0.046

(−1.025)




	
ELD_POP

	
−0.010

(−0.295)

	
0.027

(0.496)

	
0.020

(0.527)

	
0.012

(0.370)

	
−0.002

(−0.056)

	
−0.016

(−0.564)

	
−0.021

(−0.746)

	
−0.034

(−1.232)

	
−0.049

(−1.745)

	
−0.124 *

(−2.406)




	
MED_FACS

	
−0.106 **

(−3.271)

	
−0.062

(−1.347)

	
−0.049

(−1.376)

	
−0.071

(−1.908)

	
−0.064

(−1.865)

	
−0.069 *

(−2.105)

	
−0.068 *

(−1.984)

	
−0.057

(−1.651)

	
−0.074

(−1.641)

	
−0.140 *

(−2.271)




	
EDU_FACS

	
−0.004

(−0.713)

	
0.001

(0.197)

	
0.002

(0.499)

	
−0.002

(−0.526)

	
−0.006

(−1.573)

	
−0.003

(−0.842)

	
−0.009 **

(−3.016)

	
−0.012

(−2.043)

	
−0.004

(−1.575)

	
−0.023 **

(−4.683)




	
BUS_DEN

	
0.041 **

(3.729)

	
0.033 **

(2.885)

	
0.047 **

(4.608)

	
0.041 **

(4.101)

	
0.030 **

(3.096)

	
0.034 **

(3.631)

	
0.026 **

(2.676)

	
0.033 **

(3.215)

	
0.044 **

(3.790)

	
0.030 *

(2.015)




	
ROAD_DEN

	
−0.101

(−0.181)

	
0.199

(0.561)

	
−0.066

(−0.238)

	
0.154

(0.593)

	
0.184

(0.756)

	
0.232

(1.009)

	
0.427

(1.838)

	
0.559 *

(2.293)

	
0.559 *

(2.208)

	
−0.310

(−0.805)




	
Hearing

	
URB

	
−0.208 **

(−2.669)

	
−0.294 **

(−2.620)

	
−0.267 **

(−3.130)

	
−0.083

(−1.323)

	
−0.062

(−1.075)

	
−0.095

(−1.617)

	
−0.089

(−1.528)

	
−0.117

(−1.938)

	
−0.231 **

(−2.829)

	
−0.229

(−1.718)




	
MIG_POP

	
0.015

(0.127)

	
−0.108

(−0.741)

	
−0.066

(−0.632)

	
0.096

(1.111)

	
0.174 *

(2.222)

	
0.162 *

(2.223)

	
0.113

(1.529)

	
0.087

(1.134)

	
−0.050

(−0.559)

	
−0.241 *

(−2.353)




	
ELD_POP

	
0.121

(1.523)

	
0.141

(0.832)

	
0.098

(0.928)

	
0.089

(1.070)

	
0.070

(0.900)

	
0.084

(1.159)

	
0.008

(0.105)

	
−0.025

(−0.333)

	
0.065

(0.853)

	
0.022

(0.181)




	
MED_FACS

	
−0.248 **

(−2.876)

	
−0.127

(−0.943)

	
−0.171

(−1.866)

	
−0.168
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Note: URB = Urbanization; MIG_POP = Migrant population; ELD_POP = Elderly population; MED_FACS = Medical facilities; EDU_FACS = Education facilities; BUS_DEN = BUS_DEN; ROAD_DEN = Density of roads; p < 0.05. * p < 0.01. ** p < 0.001.
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