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Introduction: The residential environment significantly impacts the mental health of older adults. Urban agglomeration planning, while fostering regional economic development, also influences the psychological well-being of this demographic.

Methods: This study investigates the effects of urban agglomeration planning on depression levels in older adults, utilizing cohort data from the China Health and Retirement Longitudinal Study (CHARLS) and the multi-temporal double-difference-in-differences (DID) model.

Results: Our findings reveal that urban agglomeration planning alleviates depression by enhancing green spaces, improving air quality, and advancing digital infrastructure development. Moreover, these benefits are particularly pronounced among older females, residents of Central and Western regions, and those with lower educational attainment.

Conclusion: Based on our research findings, we recommend expediting the dissemination of urban agglomeration construction experiences to alleviate depression among older adults. In the implementation of policies, it is essential to consider objective conditions such as geographical location and educational level. The formulation of differentiated urban agglomeration planning to promote mental health among older adults.
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1 Introduction

As the global demographic shifts toward an aging population and the promotion of the “healthy aging” strategy gains prominence, geriatric mental health has increasingly become a focal point of scholarly attention within the mental health domain (1). Notably, Late-Life Depression (LLD), often described as a “psychological killer,” ranks as a major challenge in mental health care, second only to Alzheimer’s disease. It has emerged as a prevalent mental disorder that poses a significant threat to the mental well-being of older adults. Depression manifests primarily as a psychological syndrome characterized by persistent low mood, pervasive pessimism, and anhedonia, often accompanied by various somatic symptoms including cardiovascular issues and endocrine metabolic disturbances (2), as well as other neurological dysfunctions (3).

According to World Health Organization (WHO) statistics, the global prevalence of depression stands at 4.4% (4), with higher rates observed among the senior population aged 60 and above. In China, for instance, the prevalence of depression among community-dwelling older adults exceeds 36.25% (5). LLD not only impairs physical and mental health but also significantly contributes to the incidence of suicide among older adults (6). As individuals age, the disease burden associated with depression escalates markedly, adversely affecting their quality of life, escalating healthcare costs, and imposing a substantial economic burden on society. Addressing depression among older adults and ensuring their enjoyment of a healthy later life are thus pivotal concerns in senior research and broader societal development. These concerns are integral to mental health fields and the broader realization of a global “healthy aging” strategy.

As the dominant form of social development today, cities play a key role in promoting economic growth and improving social infrastructure. However, continued urban expansion also poses many challenges to human health. On the one hand, increased industrial activity and traffic density have led to air pollution, noise pollution, and a reduction in green space, which pose serious threats to urban ecosystems and public health (7, 8). On the other hand, the spatial distribution of healthcare resources is imbalanced, with an over-concentration of facilities in some areas and a lack of resources in others (9). This makes it difficult for residents to access healthcare services in a timely manner, further exacerbating health inequalities. In addition, fast-paced, high-stress urban life exposes residents to social isolation and mental health problems. A lack of social support and community cohesion, especially for vulnerable groups such as the older adult, is more likely to lead to feelings of loneliness and psychological issues like depression (10). Mitigating the threats posed by rapid urban development to the older adult population has become a major issue in many developing economies.

To address these challenges, the 2030 Agenda for Sustainable Development emphasizes the need to build inclusive, safe, disaster-resilient, and sustainable cities, particularly by providing safe, accessible, and green public spaces for older persons (11). Meanwhile, China’s 13th Five-Year Plan explicitly proposes to promote the efficient development of urban agglomerations, focusing on people-centered urbanization (12). In China’s high-quality development policy, the planning of urban agglomerations plays a key role as an important initiative for environmental improvement and ecological restoration. In this context, it is important to understand the impact of urban agglomeration planning on the mental health of older adults. Therefore, this study aims to address the following questions: First, is there a correlation between the implementation of urban agglomeration and the depressive states of older adults during the same period? Second, what are the mechanisms behind this correlation? Third, is the impact of urban agglomeration on older adult’s depression universal?



2 Literature review

To comprehensively explore the impact of urban agglomeration planning on depression in the older adult, this study begins with a literature review of the factors influencing depression and the role of urban environments in the health of older adults. By examining the multiple causes of depression and revealing the specific vulnerabilities of older adults in biological, psychological, and social contexts, we lay a theoretical foundation for the subsequent analysis of these factors in an urban agglomeration setting. In addition, we explore how social support, housing quality, public facilities, and the accessibility of green spaces in urban environments affect the health of older people. This approach not only aids in understanding how urban agglomeration planning can alleviate geriatric depression by optimizing these factors but also highlights in-depth explorations and innovative perspectives at the intersection of urban planning and geriatric mental health.


2.1 Factors influencing depression in older adults

The onset and development of depression result from multifactorial interactions, encompassing biogenetic, environmental, and social factors. Biologically, research underscores a genetic predisposition to depression, individuals with a family history of the condition are notably more susceptible (13). Moreover, abnormalities in neurotransmitter levels—specifically serotonin and norepinephrine—Within the brain of older adult individuals have been closely linked to the onset of depression (14). Additionally, prevalent chronic conditions among older adults, such as cardiovascular diseases, diabetes, and Parkinson’s disease, are significant risk factors for the development of depression (15). Secondly, environmental factors play an important role. Biophilia is recognized as a deep connection between humans and the natural environment, and natural interactions promote the secretion of neurotransmitters such as dopamine and serotonin, which are known as “pleasure hormones” and play a key role in mood stabilization and the maintenance of mental health. Regular exposure to natural landscapes can enhance emotional states and reduce the incidence of depression (16). Studies have also shown that fine particulate matter (PM2.5) from air pollution is positively associated with the incidence of depression in older adults, potentially affecting mental health by triggering chronic inflammation and neurological damage (17). Thirdly, Social factors also play a crucial role, the quality of the living environment substantially affects older adults’ mental health, where conducive and adaptable surroundings can markedly enhance their life quality and psychological well-being. Emotional support from family and friends has been found to effectively mitigate feelings of loneliness and stress, thereby reducing depression risk (18). Furthermore, active social engagement can foster connections, enhance self-worth, and diminish feelings of isolation among older adults, serving as a preventive measure against depression (10). In addition, personal characteristics are also important factors that cannot be ignored. Certain cognitive distortions common among older adults, such as catastrophic thinking, overgeneralization, and dichotomous thinking, have been shown to exacerbate depressive symptoms (19). Personality traits such as high levels of self-criticism and perfectionism can further intensify feelings of low self-esteem and depression, particularly when personal goals remain unmet (20). These multifaceted factors collectively shape the complex etiological network of depression in older adults. Therefore, identifying and effectively addressing controllable environmental and social factors is not only important for improving the mental health and social well-being of the older population but also a critical task in the field of public health.



2.2 Urban impacts on health in older adults

Existing studies have often framed health issues within the context of urban ecology, particularly in economically vibrant regions like the Beijing-Tianjin-Hebei, the Yangtze River Delta, and the Pearl River Delta. Urbanization and socio-economic growth have significantly impacted these areas, leading to pronounced environmental issues such as air pollution, water pollution, and a noticeable reduction in green spaces. Specifically, the presence of PM2.5 and PM10 particulates in the air is linked to an increased risk of respiratory and cardiovascular diseases (21). Simultaneously, green spaces are considered a factor in health and well-being. The reduction of green spaces limits the areas available for physical activity, thereby increasing the risk of chronic diseases such as obesity, cardiovascular diseases, and diabetes (22). For older adults, the reduction in natural environments can exacerbate depressive states, as these settings play a crucial role in psychological relaxation and emotional stability (16). The rapid expansion of urban agglomerations influences residents’ choices regarding living areas and the quality of their environments. The development and structuring of transportation infrastructure also reshape daily commutes and activity scopes. Research indicates that older adults who maintain high levels of social activity and robust social networks, especially those engaging in regular physical activities, exhibit lower risks of obesity and diabetes (23, 24). Furthermore, urban dynamics such as the heat island effect and dense population distributions can precipitate extreme weather conditions, posing direct threats to the health of older adults—a demographically vulnerable group (25). The urban pace, competitive pressures, and high living costs, coupled with the downsizing and nuclearization of family structures, may culminate in social isolation and loneliness among older adults, potentially deepening depressive symptoms and severely impairing their self-care capabilities and overall health.

Although a number of studies have explored urban and geriatric health (see Table 1), there are still gaps to be addressed. (1) Many studies have focused on the health impacts of urbanization or urban sprawl but have not concentrated on mental health. (2) Although some studies have explored the impacts of the urbanization process on depression, there is no literature confirming whether the planning of urban agglomerations has a direct association with depressed mood. (3) The implementation of policies has not been studied by analyzing their impacts on depression in specific populations. To bridge these gaps and thoroughly assess the influence of urban agglomeration planning on the mental health of older adults, this study employs an empirical analysis using the multi-temporal double-difference-in-differences (DID) model, leveraging data from the China Health and Retirement Longitudinal Study (CHARLS) and regional economic indicators from the China Statistical Yearbook. The findings are further substantiated through a series of robustness tests. Additionally, this research investigates the heterogeneous impacts of urban agglomeration planning on geriatric depression across different demographics, categorized by gender, region, and educational level, providing new insights and recommendations for a more nuanced assessment and implementation.



TABLE 1 Literature review on the impact of cities on health.
[image: Table1]

Compared to previous studies, this research makes three contributions: (1) Theoretically, it provides a new perspective for studying the factors influencing older adult depression and the impact of urban agglomeration planning on the health sector. (2) Practically, through a quantitative analysis framework, it integrates urban agglomeration planning with the issue of older adult depression, offering targeted recommendations and strategies. (3) Methodologically, the DID model was applied to effectively identify the policy effects of urban agglomeration planning, thereby partially mitigating endogeneity issues.




3 Impact mechanisms and research hypotheses

Based on depression-related influencing factors and the impact of cities on the health of the older adult, from the perspective of mechanism analysis, the planning of urban agglomerations affects the mental health of older adults mainly through three ways: increasing the area of green space, improving air quality, and developing infrastructure construction. At the same time, we comprehensively considered heterogeneity analysis based on factors such as gender, region, and education level to explore differences in the responses of older people from different social groups in the implementation of the policy, ensuring that the results of the study are generalizable and have stronger explanatory power (see Figure 1).

[image: Figure 1]

FIGURE 1
 The framework diagram on the impact of urban agglomeration planning on depression.



3.1 Direct effects of urban agglomeration planning on depression in older adults

Urban agglomeration planning, as a comprehensive policy system, aims to harmonize resource allocation and development strategies within a region to enhance the overall quality of life. For older adults, urban agglomeration planning may directly affect their mental health status. First, the implementation of such planning promotes regional economic development and enhances the provision of public services—including healthcare, older adult care, and social support—thus better meeting the basic needs of older adults. Second, urban agglomeration planning optimizes the urban environment, improves residential comfort and safety, and reduces the stress and anxiety experienced by older adults (26). In addition, by strengthening community building and promoting social interaction, urban agglomeration planning helps to reduce loneliness and social isolation among older adults (10). All of these direct improvements help to reduce the incidence of depression among the older adult. Based on this, the following hypothesis is proposed in this study:


Hypothesis 1: Urban agglomeration planning helps reduce the incidence of depression among the older adult.
 



3.2 Mechanistic assumptions


3.2.1 Urban green space

An important goal of urban agglomeration planning is to increase urban green spaces and open spaces through rational spatial layouts and environmental protection measures. These green spaces not only enhance the quality of residents’ living environments but also help relieve the psychological pressure of the older adult and reduce the incidence of depression (27). Based on this, this paper explores how increasing urban green space affects the mental health of the older adult from the following three aspects. First, exposure to the natural environment is widely recognized as having a positive effect on mood regulation. Increasing urban green spaces and natural areas provides older adults with a safe and tranquil environment that helps alleviate life stress and reduce anxiety and depressive symptoms (28). Second, urban green spaces provide places for older people to engage in outdoor activities and social interactions. Green spaces are ideal locations for older people to engage in light exercises such as walking and Tai Chi, as well as to socialize and interact with others. Increased outdoor activity helps improve older adults’ physical health, prevent chronic diseases such as obesity and cardiovascular disease, and enhance cognitive function (29). Social enrichment, on the other hand, significantly reduces loneliness and enhances social support among older adults, which is especially critical for alleviating depressive symptoms (24). Finally, improved physical health and increased social interactions further enhance the psychological resilience and well-being of older adults, forming a positive feedback loop between physical and psychological health. In summary, urban agglomeration planning systematically enhances the physical and mental health of older adults through multiple pathways—including environment, socialization, and health—by increasing urban green spaces and open spaces. Based on the above analysis, this study proposes the following hypothesis:


Hypothesis 2: Urban agglomeration planning contributes to reducing the risk of depression among the older adult by increasing urban green space.
 



3.2.2 Air quality

Air pollution is an important risk factor for the mental health of older adults, especially long-term exposure to pollutants such as PM2.5 and sulfur dioxide, which can trigger chronic inflammation, impair brain function, and increase the risk of depression (30). Therefore, improving air quality is crucial for maintaining the mental health of older people and reducing the risk of depression. Urban agglomeration planning has significantly reduced air pollutant emissions by promoting clean energy, reducing reliance on highly polluting energy sources, and optimizing public transportation systems. These measures have been effective in improving air quality, reducing the incidence of respiratory and cardiovascular diseases, and enhancing the physical health of older people (22). Improved physical health can alleviate the psychological burden caused by chronic diseases among the older adult, reduce feelings of helplessness and despair, and lower the risk of depression. In addition, better air quality creates a more favorable environment for seniors to participate in outdoor activities. Unlike the natural spaces provided by increased urban green areas, improved air quality removes barriers that previously prevented older people from engaging in outdoor activities due to health concerns. More opportunities for outdoor activities help enhance social interactions and community participation, reducing loneliness and social isolation among older adults (10). Based on the above analysis, the following hypothesis is proposed in this study:


Hypothesis 3: Urban agglomeration planning contributes to reducing the risk of depression among older adults by improving air quality.
 



3.2.3 Infrastructure development

Urban agglomeration planning positively impacts the mental health of older adults through improved infrastructure development, particularly by enhancing access to the Internet and digital technologies. Enhancing digital infrastructure enables older adults to integrate more fully into society, access information, and enjoy various services, thereby reducing the risk of depression (31). First, the widespread availability of the Internet has expanded the social networks of older adults. With the help of digital platforms, older adults can stay in close contact with their families, friends, and communities, reducing social isolation and loneliness. This enhanced social interaction and emotional support helps alleviate depressive symptoms and improve mental health (18). Second, digital services have enhanced the accessibility of medical and mental health support for older adults. Through telemedicine and online consultations, older adults can access professional medical services in a timely manner, especially those with limited mobility or living in remote areas. This facilitates early detection and intervention of depression and improves treatment outcomes. In addition, the Internet provides a platform for older adults to learn and acquire health knowledge. Through online education and health applications, older adults can improve their health literacy, enhance their self-management abilities, and prevent depression. In summary, Internet infrastructure development within urban agglomeration planning improves the mental health of older adults in multiple dimensions by promoting social integration, enhancing healthcare accessibility, and supporting self-health management. Based on the above analysis, this study proposes the following hypothesis:


Hypothesis 4: Urban agglomeration planning contributes to reducing the risk of depression among older adults by promoting the development of Internet infrastructure.
 





4 Empirical research design


4.1 Empirical model

In recent years, the impact of urban policies on public health has attracted much attention. Using a difference-in-differences (DID) model, Wang et al. (32) explored the impact of environmental policies on human health and overall well-being, emphasizing the important role of policy interventions in improving residents’ health. Similarly, Liu et al. (33) utilized the DID model to examine the impact of smart city pilot policies on the social adaptation and mental health of middle-aged and older adult people. Given that urban agglomeration planning, as a policy piloted in batches and gradually rolled out, possesses characteristics of a quasi-natural experiment, a quasi-experimental design is appropriate to assess its impact. Drawing on these methods, this study applies a multi-period DID model to systematically analyze the impact of urban agglomeration planning on the depressive symptoms of the older adult, taking into account the timing and regions of the urban agglomeration planning pilots. Specifically, the following model is constructed in this paper:

[image: image]

In the assessment of the intervention’s effectiveness, the DID model mitigates the impact of confounding variables on experimental outcomes by incorporating both the “before and after difference” and the “difference between the conditions before and after planning implementation.” To address potential discrepancies between the experimental and control groups, the DID model incorporates covariates that account for influencing factors. This adjustment compensates for the inherent limitations of sample allocation in natural experiments, which cannot be entirely randomized, thereby enhancing comparability between the groups (34). Consequently, this study employs the DID model to empirically validate and investigate the effects of urban agglomeration planning on depression among older adults.

In this model, Sdepression is measured by depressive symptoms in older adults, with subscript i indicating the individual senior, and t denoting the year. In the DID framework, older adults are assigned a value of 1 if they resided in the area targeted for urban agglomeration planning in year t, and 0 otherwise; this assignment corresponds to the interaction term typically used in traditional DID models. Depression in older adults is affected by a combination of factors, which can be considered at the level of personal characteristics, socio-economic and so on. Studies have shown that from the viewpoint of personal characteristics, factors such as gender (35), education level (36), smoking and drinking (37), health status (Health status is a comprehensive assessment of an individual’s current level of health, measured using a self-assessed health score) (38), and living alone (39) all have an impact on depression. In terms of urban macroeconomic variables, economic level (40), urbanization rate (41), population density (42), and urban industrial structure (43) affect the subjective well-being of the older adult. Based on the influencing factors of depression and concerning Wang et al.’s study (44), this paper selects individual characteristics variables and urban macroeconomic variables as the control variables in this paper. The individual characteristics of older adults include gender (gender), education level (edu), marital status (married), health score (srh), whether they smoke (smoke), and whether they drink (drink). Macroeconomics and urban variables include annual income, the logarithm of GDP (Gross Domestic Product) growth rate (lngdp), the logarithm of GDP per capita (lnmgdp), the number of people per million square kilometers (lnmidu), the logarithm of the urbanization rate (lnurban), and logarithm of industrial structure (lnindus). This study controls for regional fixed effects [image: image] and annual fixed effects [image: image]. The coefficient [image: image] measures the effect of the urban agglomeration planning’s implementation and reflects the net impact of these policies on depression among older adults. Fixed effects are utilized throughout the study to control for unobserved heterogeneity within the data, ensuring that the estimated effects are attributed solely to the planning intervention and not to external, uncontrolled factors.



4.2 Construction of indicators


4.2.1 Symptoms of depression in older adults

In the CHARLS database, the prevalence of depression among older adults was evaluated using the CES-D-10 scale, a well-validated instrument comprising eight negatively phrased items and two positively phrased items (45). The negative items include symptoms such as “feeling annoyed,” “experiencing concentration difficulties,” “feeling frustrated,” “perceiving that everything requires effort,” “feeling fearful,” “experiencing sleep disturbances,” “could not get going,” and “feeling lonely.” The positive affect items are “feeling hopeful” and “feeling happy.” Responses to each item are quantified based on frequency, with options ranging from “rarely or not at all” to “most or all of the time.” Scoring for negative items is assigned from 0 to 3, correlating directly with the increasing frequency of symptoms, whereas scoring for positive items is inversely calculated, with higher scores reflecting less frequent positive emotions. The aggregate score for an individual can range from 0 to 30, where a higher score indicates more severe depressive symptoms and an elevated risk of depression. Based on existing literature, a cutoff score of 10 on the CES-D-10 is utilized to differentiate between high-risk and low-risk depression, with scores of 10 or higher indicating a high risk of depression. The reliability and validity of the CES-D-10 scale in this study are robust, evidenced by a Cronbach’s alpha of 0.799 and a Kaiser-Meyer-Olkin (KMO) measure of 0.889, indicating good internal consistency and sampling adequacy for the analysis.



4.2.2 Urban agglomeration planning

Urban agglomeration planning refers to the organic integration of geographically adjacent or functionally complementary cities into a networked structure within a specific region through scientific and systematic planning (46). Usually centered around a core city as the hub and relying on the linkage and cooperation of surrounding node cities, it forms a multi-center and multi-level urban system. The aim is to optimize the allocation of regional resources, promote synergistic cooperation among cities, maximize the economic, social, and ecological benefits of the region, and achieve regional integration and sustainable development. In the context of rapid urbanization, urban agglomeration planning has attracted much attention as a key strategy for shaping urban development patterns and optimizing the urban living environment to promote higher-quality and sustainable city development (47, 48). This move not only affects the economic prosperity and social progress of cities, but also directly influences the quality of life and health of the residents (49). Based on the plans for the development of 19 urban agglomerations published on the central government’s website of the People’s Republic of China, the urban agglomeration plans were used as the central explanatory variable in this study to explore their impact on depression in older adults. To distinguish between older adult populations in areas where urban agglomeration planning has been implemented and those in areas where it has not, we set the dummy variable for older adult residents in implemented areas to 1 and those in non-implemented areas to 0 (50). Figure 2 illustrates the designated regions included in the urban agglomeration planning pilot.

[image: Figure 2]

FIGURE 2
 Pilot progress of the urban agglomeration planning in China.





4.3 Data description

The data for this study were sourced from the CHARLS database, complemented by regional economic variables obtained from the China Statistical Yearbook. Descriptive statistics of the variables used are summarized in Table 2. The CHARLS database, a large-scale interdisciplinary survey project, is sponsored by the Institute of National Studies at Peking University and administered by the China Social Science Research Center. This survey uniquely addresses the multidimensional aspects of aging in China, combining comprehensive assessments of older adults with the specific demographic characteristics of the nation. CHARLS employs a rigorous multistage, random sampling methodology. Initially, 150 districts and counties were selected based on a probability proportional to size sampling technique, accounting for regional distribution, urban–rural classification, and per capita income levels. In the selected 150 districts and counties, a total of 450 village-level units were chosen using random sampling, with 3 units selected from each district or county. In each selected household, one individual aged 45 years or older was randomly chosen as the primary respondent, and their spouse was also included in the sample. Since its inception in 2011, CHARLS has successfully conducted baseline data collection across 28 provinces, autonomous regions, and municipalities directly under the central government. Follow-up surveys were carried out in 2013, 2015, and 2018, with the longitudinal cohort study concluding in 2018. By the end of the 2018 survey wave, the database comprised a sample of 19,000 participants from 12,400 households. For this analysis, data spanning from the 2011 inception of the database through to 2018 were utilized. Samples with missing data were excluded, and continuous variables were adjusted by trimming the top and bottom 1% to mitigate the effects of outliers. The resultant dataset for this study comprises a balanced panel of 45,603 observations. The Biomedical Ethics Review Committee of Peking University approved the CHARLS study (approval number IRB00001052–11015), and all interviewees were required to provide informed consent.



TABLE 2 Variable description and summary statistics.
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5 Empirical results and analysis


5.1 Benchmark regression results

This study examines the effect of urban agglomeration planning on depression in older adults. The model regression results are in Table 3. Column (1) of Table 3 gives the estimation results without any control variables, individual and year effects. The DID coefficients are significantly negative at the 1% level indicating that the urban agglomeration planning reduces depression among older adults. In column (2), the variables of individual characteristics of older adults and macroeconomic and social variables are added, including health scores (srh), education level (edu), gender (gender), marital status (married), whether they smoke (smoke), and whether they drink alcohol (drink), annual income (annual income), the logarithm of GDP growth rate (lngdp), logarithm of GDP per capita (lnmgdp), number of people per million square kilometers (lnmidu), logarithm of the urbanization rate (lnurban), logarithm of the industrial structure (lnindus). The regression results show that although the DID coefficient is still negatively significant at the 1% level, the model’s goodness of fit increases, further illustrating the stability of the benchmark regression.



TABLE 3 Benchmark regression results.
[image: Table3]



5.2 Heterogeneity test


5.2.1 Gender

The gender disparity in depression is notably pronounced, with women experiencing a higher incidence and greater susceptibility to depression compared to men. According to a study published in The Lancet, the burden of mental disorders among women surpasses that of men across all geographical regions, with the global prevalence of depression being 64.8% higher in women than in men (51). This disparity suggests that the effects of urban agglomeration planning on depression could be more pronounced among female urban residents. The empirical analysis detailed in Table 4 corroborates this hypothesis. Columns (1, 2) present the regression results for female and male subjects, respectively. As shown in column (1), the findings for females reveal a coefficient of −0.6085, which is statistically significant at the 1% confidence level. In contrast, the coefficient for males, presented in column (2), is −0.1329 and does not reach statistical significance at the 10% confidence level. This indicates a substantial mitigative effect of urban agglomeration planning on depression among women.



TABLE 4 Heterogeneity of gender.
[image: Table4]



5.2.2 Region

The implementation of urban agglomeration planning in China exhibits significant geographic specificity, with distinct policy priorities in the western, central, and eastern regions. The western region, predominantly characterized by resource-based industries such as resource development, energy, chemicals, and metallurgy, experiences considerable environmental impact. Resource extraction activities often result in substantial energy consumption and emissions, releasing significant amounts of pollutants including sulfur dioxide, nitrogen oxides, and particulate matter. Research has indicated that prolonged exposure to such polluted environments can engender feelings of powerlessness, frustration, and hopelessness, thereby elevating the risk of depressive moods (52). Consequently, the implementation of urban agglomeration planning may have a heterogeneous impact on residents’ mental health due to these geographic distinctions. Columns (1, 2, 3) in Table 5 present the empirical regression results for older adult samples from the Western, Central, and Eastern regions, respectively. Column (1) shows the regression results for the Western region, with a coefficient of −0.6717, significant at the 1% confidence level; column (2) displays the results for the Central region, with a coefficient of −0.5052, also significant at the 1% confidence level. Column (3) represents the Eastern region, where the coefficient is not significant at the 10% confidence level. These findings indicate that urban agglomeration planning has a more pronounced impact on reducing depression among older adults in the Western and Central regions.



TABLE 5 Heterogeneity of region.
[image: Table5]



5.2.3 Educational levels

Depression is a multifaceted condition influenced by an array of factors including genetics, environmental exposures, social support networks, personal coping mechanisms, and educational levels. Existing research indicates that lower educational levels are associated with a heightened vulnerability to depression (53). This study, therefore, investigates the potential heterogeneity in the effects of urban agglomeration planning on the depressive status among individuals with varying educational backgrounds. The empirical findings from this analysis are detailed in Table 6, which segregates the sample of older adults based on their educational attainment: education levels below primary school, primary education, junior high school education, and educational level of high school or above. The regression results are as follows: Column (1): The regression coefficient for older adults with less than primary education is −0.5292, significant at the 1% confidence level. Column (2): For individuals with primary education, the coefficient is −0.4537, significant at the 5% confidence level. Column (3): For those with junior high school education, the coefficient is −0.2022, which is not significant at the 10% confidence level. Column (4): The regression for individuals with more than a high school education shows a coefficient of −0.0185, which remains statistically insignificant at the 10% confidence level. These findings reveal that the influence of urban agglomeration planning on depression is more pronounced among older adults with lower levels of education, specifically those with less than primary or only primary education.



TABLE 6 Heterogeneity of educational levels.
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5.3 Robustness tests

To test the robustness of the previous empirical results, the study performs the following robustness tests.


5.3.1 Parallel trend test

The DID methodology fundamentally relies on the assumption that parallel trends exist between the treatment and control groups before the implementation of the plan. Deviations from this assumption could lead to either overestimating or underestimating the effect. To validate the assumption of parallel trends, our analysis identifies the year in which the urban agglomeration planning was initially implemented as the baseline. The analysis spans the effects of 6 years before the planning implementation and 4 years afterwards. Figure 3 illustrates the results of the parallel trend test. Figure 3 indicates that, before the implementation of the urban agglomeration planning, the impact on older adult depression was not significantly different from zero. From a dynamic perspective, the effect is observed from the first to the fourth year after implementation, reflecting a sustained accumulation of the impact. This demonstrates that the planning has a robust and enduring effect on alleviating depression among older adults, signifying that the parallel trend test has been successfully passed.

[image: Figure 3]

FIGURE 3
 Parallel trend test.




5.3.2 Placebo test for exclusion of randomized outcomes

To mitigate the potential influence of random variations, this study adopted a methodology inspired by Chetty et al. (54) in which the implementation years and regions for the urban agglomeration planning were randomized. This procedure was conducted 1,000 times in a placebo trial to ensure robustness. The outcomes, illustrated in Figure 4, demonstrate that the distribution of regression coefficients from the randomization simulation clusters around zero, whereas the coefficients from the benchmark regression are distinctly separate from this distribution. These findings indicate that the empirical results of this study are not influenced by random factors.

[image: Figure 4]

FIGURE 4
 Placebo test chart.




5.3.3 PSM-DID

To mitigate self-selection bias, this study employed a propensity score matching double difference (PSM-DID) model that integrates the propensity score matching (PSM) and DID model. This approach was utilized to validate the robustness of our regression outcomes and to mitigate bias resulting from potentially unobserved factors. The control variables were used as the matching criterion, and the sample was derived using the 1:1 nearest neighbor matching technique (55). The outcomes are presented in Table 7. These regression results delineate the impact of urban agglomeration planning on depression among older adults. The use of nearest-neighbor matching serves to somewhat alleviate the problem of sample self-selection, thereby reducing bias in the estimation of the DID model. The findings remain statistically significant at the 1% level, confirming that the baseline regression results are robust.



TABLE 7 PSM-DID test results.
[image: Table7]




5.4 Mechanism tests

According to the results of the baseline regression, urban agglomeration planning can help alleviate depressive symptoms in older adults. This study will continue to test the mechanism through theoretical analysis. The combination of policies and existing literature indicates that the construction of green space in urban agglomeration planning should ensure sufficient area and multifunctionality, improve accessibility and ecological connectivity, and adopt eco-friendly design to enhance the quality of life of residents (56). At the same time, urban agglomeration planning promotes the transformation of the energy structure, increases the use of clean energy, promotes green buildings and energy-saving technologies, reduces the consumption of high-polluting energy, improves air quality, promotes the sustainable development of the city, and enhance the mental health and quality of life of residents (46). Additionally, the construction of digital infrastructure in urban agglomeration planning is crucial for the development of modernized and intelligent cities. Efficient, convenient, safe, and sustainable development of urban agglomerations is achieved through high-speed broadband, wireless networks, data centers, and cloud computing. Through high-speed networks and smart devices, the older adult can conveniently conduct remote medical consultations and treatment to reduce the psychological pressure caused by health problems, thus effectively promoting the mental health of the older adult (57). Based on these analyses, this study argues that urban agglomeration planning alleviates the level of depression in older adults through a series of mechanisms, and we investigate the mechanisms of urban agglomeration planning’s effect on depression in the older adults mediated by green space area, air pollution, and digital infrastructure development.


5.4.1 Green space area

This study examined the impact of urban agglomeration planning on green space per capita using green space per capita as a mediating variable. The results of the mechanistic analysis of green space area per capita are presented in column (1) of Table 8. The results show that urban agglomeration planning significantly increased the green space area per capita and improved the depression of the older adult in the region.



TABLE 8 Mechanism analysis.
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5.4.2 Air pollution

Considering that air pollution is influenced by airflow, the number of days with air quality at and better than Class II was used as a proxy variable for air pollution in this study given the availability of data. Column (2) of Table 8 presents the results of air pollution mechanism analysis. It shows the regression results in a 1% level at which these coefficients are significantly positive. The results indicate that urban agglomeration planning significantly enhances air quality and positively impacts the population’s mental health.



5.4.3 Digital infrastructure development

Internet broadband and mobile telephony are core components of the digital infrastructure that provide basic communications and Internet access. Based on this this study uses the logarithm of the number of Internet broadband subscribers (Ten thousand households) and the logarithm of the number of cell phone subscribers at the end of the year (Ten thousand households) as proxy variables. Columns (3, 4) of Table 8 display the results of the analysis of the mechanisms behind digital infrastructure development. The results show that after the implementation of urban agglomeration planning, there is a significant positive contribution to alleviating the level of depression among the older adult with the increase of digital facilities.





6 Discussion


6.1 Discussion of baseline regression results

Our benchmark regression results substantiate that urban agglomeration planning has significantly improved depression levels among older adults. This finding not only aligns with the macro-policy objectives of global development but also echoes China’s national development strategy to build inclusive, safe, and sustainable urban environments that provide accessible public spaces and support services for older groups (11). Our findings reiterate the perspective of Carsten Butsch et al., suggesting that urban agglomeration planning can influence population health (58). The difference, however, lies in our study’s focus on mental health, specifically extended to older adults. A potential explanation for this result is that, before the implementation of the urban agglomeration planning, the urban population was long exposed to high concentrations of ozone (59), which is significantly associated with mortality, respiratory diseases, and cardiovascular diseases (60). Furthermore, residents along the Yangtze River basin have long been afflicted by water pollution. It is estimated that approximately 45,804,500 tons of untreated industrial wastewater are discharged directly into the Yangtze annually, adversely affecting the health of older adult residents, including their mental well-being (61). Additionally, as urban populations increase rapidly, the urban layout becomes denser, potentially limiting adequate space for physical activity for the older and diminishing their opportunities for social interaction, which can negatively impact their mental health (62). The implementation of urban agglomeration planning has effectively improved the lifestyles of older residents. On the one hand, this planning may have enhanced environmental quality, reducing the exposure of older adults to harmful conditions. For example, it may have implemented measures to reduce the emissions of harmful substances such as ozone and water pollution, thereby lowering the risk of respiratory and cardiovascular diseases among the older adult. These environmental improvements likely contribute positively to the health of older adults, thereby benefiting their mental health. On the other hand, urban agglomeration planning can promote social interaction among older adults by increasing opportunities for social and recreational activities. Planning might support the development of more public transport infrastructure, parks, recreational facilities, and community centers, offering older adults greater opportunities to participate in group activities. Such social interactions help to mitigate feelings of loneliness and social isolation among the older adult, enhancing their psychological well-being and life satisfaction. Thus, the implementation of urban agglomeration planning has positively impacted the mental health of older adults, particularly by improving environmental quality and fostering social interaction.



6.2 Heterogeneity effect analysis


6.2.1 Gender heterogeneity effect analysis

To visualize the results of the heterogeneity distribution more visually, we depicted a forest plot of the heterogeneity analysis (see Figure 5).
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FIGURE 5
 Heterogeneity analysis forest plot.


In the figure, red lines represent statistically significant results, while black lines represent non-significant results. The results in column (1) of Table 4 are significant at the 1% confidence level, whereas the coefficients in column (2) are not significant. The forest plot in Figure 5 shows the same outcomes, further suggesting that urban agglomeration planning has a more pronounced impact on depression among women. Urban agglomeration planning may significantly impact women by improving social and urban environments. On the one hand, older adult women typically rely more on social networks and community support to maintain mental health than their male counterparts (63). Urban agglomeration planning that facilitates transportation and increases social interactions is particularly vital for older adult women, who are more likely to benefit from social engagement with others. On the other hand, older adult women are more concerned with the quality of their external environment (64). Urban agglomeration planning often includes measures to improve environmental quality, such as reducing pollutant emissions and creating more green spaces. These environmental improvements may have a more significant impact on the physical and mental health of older adult women. In addition, Urban older adult women, due to high life pressure, social isolation, and environmental pollution, are at greater risk of depression. In contrast, limited mental health resources in rural areas may lead to an underestimation of depressive symptoms among rural women (5). Future research could further compare and analyze the mental health status of women in urban areas with that of women in rural areas, and explore in depth whether there are urban–rural differences in depression symptoms among women as a result of urban agglomeration development.



6.2.2 Regional heterogeneity effect analysis

The heterogeneity effect analysis from Figure 5 indicates that urban agglomeration planning has a more pronounced impact on depression among older adults in the western and central regions. The eastern region of China typically has better resource endowments and economic conditions compared to the central and western regions (65). Economically, the eastern region of China is more mature and diversified compared to the central and western regions, suggesting that older adults in the central and western regions may face greater economic pressures and social inequalities. The urban agglomeration planning may have significantly alleviated these pressures by increasing employment opportunities and strengthening social security, thereby having a more pronounced impact on the mental health of the older adult in the central and western regions. Additionally, infrastructure development tends to lag in the central and western regions compared to the eastern region. There may be disparities in medical facilities, cultural and recreational facilities, and community activity venues between the central and western regions and the eastern region. Urban agglomeration planning could promote infrastructure development in the central and western regions, providing more conveniences and support, which is beneficial for the mental health of older adults. However, this study currently analyses the country by dividing it into three regions—western, central, and eastern. While this division may present general trends among the regions, it may not fully capture the spatial variability within each region. Indeed, urban agglomerations within regions differ significantly from non-urbanized areas in terms of geographic, economic, and social conditions, such as pollution levels, industrial layouts, degrees of economic development, and distributions of healthcare resources (66). These factors may exhibit greater heterogeneity within the same region, thereby affecting the mental health of older adults to different degrees. Additionally, there are differences in economic and industrial layouts within city clusters. Some cities have actively promoted industrial transformation and upgrading, improving the environment and quality of life, while others still rely on traditional industries, which may lead to differences in the living environment and mental health status of the older adult. Therefore, specific impacts at smaller scales may be overlooked if these regions are treated only as a single unit of analysis.



6.2.3 Educational level heterogeneity effect analysis

Columns (1, 2, 3, 4) of Table 6 display the regression results for older adult samples with education levels below primary school, primary education, junior high school education, and educational level of high school or above, respectively. These results indicate that urban agglomeration planning has a more pronounced impact on depression among older adult individuals with lower education levels. This is consistent with the heterogeneity test results shown in Figure 5. The reasons may lie in the differences in educational levels, which can lead to variations among older adult in their needs for social support, their capacity to access and understand information, and their economic circumstances. Firstly, older adult individuals with lower literacy levels often rely more heavily on social support to maintain their mental health. Urban agglomeration planning can enhance this support by providing more community activities and services for older adults. These resources can help reduce loneliness and increase social interactions, thereby improving mental health (67). Secondly, older adults with lower literacy levels may find it more challenging to access and understand health-related information and are less likely to engage in proactive mental health behaviors (68). Urban agglomeration planning can help bridge this information gap by providing more widespread and accessible health promotion and education, enabling those with lower literacy to benefit more from the positive impacts. Thirdly, the older adult with lower literacy levels often have lower economic incomes and social status, which correlates with greater life stress and social inequality (69). Urban agglomeration planning might directly benefit economically disadvantaged older adults by improving social security measures, thereby exerting a more substantial impact on their mental health.




6.3 Discussion of mechanism test results

Based on the validation of the inhibitory effect of urban agglomeration planning on the mental health of older adults, this study further explores the possible influence mechanisms of the above effects. First, urban green spaces are essential mechanisms through which urban agglomeration planning affects the mental health of older adults. Urban agglomeration planning policies often establish clear policies and regulations to ensure that a certain percentage of green space must be included in new urban developments (70). Numerous studies have shown that urban green space is negatively associated with depression in older adults (71, 72) and that green space not only reduces anxiety in older adults by providing fresh air and beautiful landscapes but also provides recreational and leisure venues that enhance older adults’ interactions with others (73). On the other hand, green space can mitigate the urban heat island effect and create a more pleasant temperature environment (28, 74). Second, air pollution is also an important mechanism. Urban agglomeration planning policy not only promotes economic development but also enforces environmental regulations in urban planning, thereby improving air quality (75, 76). For older adults, a better air environment can improve their sleep quality (77), reduce their risk of cardiovascular and respiratory diseases (78), and increase their satisfaction and sense of security in their living environment, all of which can contribute to older adult’s mental health. Third, urban agglomeration planning policies promote Internet development, which in turn affects the mental health of older adults. Network infrastructure development is an important part of urban agglomeration planning. In urban agglomeration planning, governments and related agencies often prioritize the development of digital infrastructure, investing in high-speed broadband technologies (fiber optics, 5G, etc.) to improve Internet coverage and speed throughout the region (79). On the one hand, good Internet services can ensure that the older adult can more easily stay in touch with their families and access online recreational resources, which will help reduce loneliness and enhance psychological well-being (80). On the other hand, there are numerous mental health resources and online counseling services available on the Internet through which older adults can access emotional support and mental health advice.




7 Conclusions and implications


7.1 Conclusion

Analysis using parallel trend tests, propensity score matching (PSM), and placebo tests reveals that urban agglomeration planning significantly influences the depression status of older adults. Heterogeneity test analyses indicate that the effects of urban agglomeration planning on depression are more pronounced among older women, older adults in the central and western regions, and those with lower education levels.



7.2 Policy recommendations

These findings offer a solid empirical base for further investigation into the construction of urban agglomerations to improve the mental health of older adults. Based on this evidence, we propose the following policy recommendations. To accelerate the adoption of successful urban agglomeration experiences, it is crucial to create a livable environment. This can be achieved by increasing urban greenery, improving air quality, optimizing transportation, and enhancing infrastructure along with community medical services. These initiatives can significantly reduce stress and anxiety levels among residents. At the same time, it is essential to strengthen social care and support services tailored for older adults. This can be accomplished by maintaining a variety of social activities for older adults through dedicated activity centers, volunteer programs, and social gatherings, and by establishing a comprehensive network of health and psychological counseling services. Such measures are instrumental in enhancing the quality of life and overall well-being of the older adult.

We also recommend developing differentiated urban agglomeration planning. The improvement in depression among older adults due to urban agglomeration planning exhibits heterogeneity. Policy implementation must consider objective conditions such as geographic location and educational levels. Given the disparities in resource allocation, industrial structures, and living environment quality across different regions, depression levels among older adults vary. The pronounced positive impact of urban agglomeration planning on mental health in the western and central regions highlights the importance of targeted policy implementation. Therefore, the government should increase resource allocation to further enhance the quality of life and mental health of older adults in these regions.

Lastly, based on the research findings, future policies, and social services should focus more on older adult individuals with lower education levels, providing them with increased social support, financial assistance, and mental health services to help them better adapt to the changes brought about by urban agglomeration development.



7.3 Limitations

Firstly, while the CHARLS database offers a comprehensive array of health and living condition questionnaires, it may not encompass all variables that influence health outcomes. Secondly, our study primarily aimed to illuminate the impact of urban agglomeration planning on depression among older adults. However, we did not explore potential mediating effects, such as moderation or multichain mediation, which could provide deeper insights into the dynamics at play. Future studies should consider employing structural equation modeling. This approach would allow researchers to more comprehensively analyze the relationships and effect sizes of potential mediating variables, thereby offering a more nuanced understanding of how various factors interact to influence the mental health of older adults within the context of urban agglomeration policies.
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