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Abstract

:

Understanding the relationship between mood and the environment among the elderly is important for the healthy aging agenda. This study aimed to investigate the relationship between residential outdoor environments of different qualities and mood in the elderly. Nine residential neighborhoods across three different quality levels of the outdoor environment in Guangzhou, China, were surveyed. Measures included demographic characteristics, assessment of the residential outdoor environment, and mood status of the elderly. We constructed a group of multiple regression models to investigate influencing environmental factors of participants’ mood. Results revealed that the environmental factors influencing mood in the elderly are different across the three types of residential outdoor environments: function and cleanliness of the site showed a significant correlation with mood in high-quality residences, while pavement was significantly correlated with mood in medium-quality residences. In contrast, transparency, enclosure, greenness, temperature, and humidity were significantly correlated with mood in poor-quality residences. To promote mental health in the elderly, we recommend that different qualities of residential outdoor environments should be considered individually rather than aggregated as simply “outdoor space.” The findings of this study are expected to contribute to create age-friendly communities for an aging society.
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1. Introduction


An aging population is one of the greatest global challenges, and it is estimated that the world’s population over the age of 60 years will reach nearly 2 billion by 2050 [1]. In particular, China’s population is aging dramatically, and mental health in old age has become an important social concern. In China, the number of so-called empty-nest elderly families is increasing, and has shown links to negative emotions related to aging, such as disappointment, loneliness, anxiety, and depression [2]. Moreover, mood disorders are significantly associated with the development of dementia and could lead to higher morbidity and mortality in old age [3,4].



Residential outdoor environments may matter for the emotional health of elderly residents, especially in cities. In China, the home-based care model has been the dominant model in the pension system [5], placing great significance on the need for support of the residential outdoor environment. Furthermore, residential outdoor environments can provide places for the elderly to exercise and socialize [6,7], and it plays a vital role in reducing isolation and loneliness [8], thus preventing poor emotional health [9]. Given these findings, identifying the relationship between the residential outdoor environments and mood in the elderly has become an aging health priority.



A growing body of epidemiological evidence has revealed that the outdoor environment is associated with many factors of mental health, including general mental health [10,11,12], stress [13,14,15], anxiety [16], depression [17,18,19], and affective response [20,21,22]. Much of the available evidence on the psychological effects of outdoor environments has focused overwhelmingly on green spaces [10,13,15,18,19,23]. However, the potential role of the residential outdoor environment in promoting people’s emotional well-being has been less well-studied. It has been argued that the immediate residential environment could directly or indirectly impact mental health [24]. For instance, some features of the residential environment, such as high housing density, can be environmental stressors residents are exposed to, which could affect their mental health by causing greater stress, depression, and mental fatigue [25,26]. In contrast, providing residents with access to pleasant landscaping elements, such as greenness, can improve positive emotional states through stress recovery and psychological arousal [27]. However, there is still little research that examines changes in mood as a result of exposure to residential outdoor environments [28,29], especially for older people who spend much of their time in outdoor spaces.



Moreover, spatial composition varies in different qualities of residential areas. The linkage between residential outdoor environment and mood in the elderly might differ by the type of residence with various material qualities and conditions. However, there is little understanding of whether residential outdoor environments with different qualities have different effects on residents’ psychological health. Finally, most of the existing research has been conducted in Europe and the United States [27,28,29], and the published studies related to the association between mood and residential outdoor environments remain very scant in China.



This study aims to explore the link between residential outdoor environments and mood in the elderly within a Chinese context. Using community-dwelling older adults as participants, we surveyed nine communities in Guangzhou, China, including three different qualities of residential outdoor environments. Specifically, we intended to (1) compare mood in older people among the three types of residential outdoor environments, and (2) examine the outdoor environmental factors affecting mood. This study contributes to the literature in studying associations between mental health and the outdoor environment and could provide public policy implications for creating age-friendly residential environments in China.




2. Literature Review


2.1. Residential Outdoor Environments and Mental Health


Residential outdoor environments are open and exterior areas surrounding the residential buildings and serve as spaces for social interaction, entertainment, exercise, and other activities [30]. An accumulating body of literature has shown that the quality of the residential environment can have either a positive or negative impact on the health and well-being of its residents [31,32,33]. Dunstan, Fone, Glickman, and Palmer used the Residential Environment Assessment Tool (REAT) to measure and sort the neighborhood environment into three types (i.e., highest quality, middle quality, and lowest quality) and found that there were differences in health outcomes between environments with different qualities [34]. There is strong evidence that individuals living in the high-quality residential environment tend to have better physical and mental health [35,36,37]. For instance, Takano, Nakamura and Watanabe found that living in residential areas with walkable green space positively influenced the longevity of senior citizens [38]. Some researchers suggested that neighborhoods with high-quality public open space were positively associated with a sense of community, thus affecting residents’ overall well-being [39]. In contrast, some studies have shown that communities characterized by poor environment quality are related to negative mood, depression, and low subjective well-being [24,40,41,42]. The Broken Windows Theory (BWT) postulates that there is a linkage between the disorder (i.e., public incivilities and deterioration) in urban neighborhoods and fear and actual occurrence of crime [43]. Furthermore, recent studies on public health have suggested that the disorder of the residential environment can be a stressor deleterious to mental health [44,45,46]. For example, regarding health status, a cross-sectional study of 30,000 residents living in South Wales revealed that respondents in the areas of poorest neighborhood quality were more likely to report poor health compared to those living in highest-quality environments [34]. In addition, McKenzie et al. investigated 5605 European adults and found that poor neighborhood quality can contribute to lower psychological well-being [47]. Although the literature concerning the effect of the residential environment on mental health is accumulating, there are much fewer studies exploring the mood effect of different quality residential outdoor environments on older people.



Furthermore, the design of the residential outdoor environment may influence how residents interact with the space and further affect their mental health. Some aspects of the residential outdoor environment may play a vital role in enhancing mental health, including landscape quality, spatial form, and microclimate environment. For example, Gandelman, Piani, and Ferre found that the difference in overall happiness can partly be explained by access to public facilities in residential communities, including street lighting, sidewalks in good condition, trees in the street, and the absence of air or noise pollution [48]. Chen et al. examined the relationship between residents’ affective appraisal and the community environment and found that green space, layout, aesthetics and recreational service were correlated with affective appraisal [49]. It has also been suggested that high-rise housing is inimical to the psychological well-being of women with young children, and insufficient daylight is reliably associated with increased depressive symptoms [24]. Thus, sufficient and safe open space in the residential areas may impact mental health by promoting an active lifestyle and community cohesion [50,51]. Moreover, there is evidence to suggest that mechanisms underpinning the maintenance of body temperature suggest that mental health may be affected by ambient temperature [52], and research has demonstrated that exposure to high temperatures leads to a more negative affect, in comparison to exposure to comfortable temperatures [53]. However, existing studies on environmental factors affecting the mood of the elderly in different qualities of residential outdoor environments remain relatively deficient.




2.2. Outdoor Environments and Mood Measurement


Moods can be described to have as either a positive or negative affect, and have demonstrated a strong link with personal health [54,55]. Lane and Terry defined mood as a set of feelings that are ephemeral in nature, vary in intensity, and contain more than one emotion [56]. Many researchers have investigated the factors influencing mood, including the environment [57,58], social interaction [59,60] and physical activity [61,62]. Recently, researchers have focused on the association between outdoor environments and one’s mood and mental health [16,63]. Generally, these studies have found that exposure to natural outdoor environments is significantly related to better mental health and less stress [13,57]. In contrast, lack of green areas, noise, and poor quality of the living environment are clearly associated with a depressed mood [63]. Several scales have been used to measure the mood effect of outdoor environments, such as Profile of Mood States-Short Form and the Scale of Positive and Negative Experience [57,64].



The Positive and Negative Affect Schedule (PANAS), developed by Watson, Clark, and Tellegen [65], is one of the most widely used affect scales in previous studies to investigate the link between environment and mood [66,67]. The PANAS consists of two subscales, with 10 positive affect (PA) items and 10 negative affect (NA) items in the original full form scales. The PA and NA scores describe one’s positive and negative moods, respectively. Several short forms of the PANAS have also been translated into many languages and administered internationally [68,69,70,71]. For example, one study used a 20-item PANAS scale to measure mood scores across season and type of nature contact in Canada and found that both actual and pictorial nature contact benefited mood in both winter and warmer seasons [22]. Another study found that neighborhood environment was positively associated with a positive mood, but negatively to a negative mood, in residents by using a short version of PANAS [72]. The Chinese version of PANAS has been widely used and has shown high reliability, validity, and ease in administration [73,74]. However, PANAS scales have not been used widely in residential outdoor environment and mood of the elderly research.



Based on the literature review, we attempt to compare mood in older people among the three types of residential outdoor environments and examine outdoor environmental factors affecting mood in this study. Therefore, we proposed a framework as shown in Figure 1; three different qualities of residential outdoor environments were constructed: high quality (HQ), medium quality (MQ), and poor quality (PQ). Environmental factors of landscape quality, spatial form, and microclimate environment were included in the research. Positive and negative mood were used to assess the mood status of the elderly. We hypothesized that residential outdoor environments have an impact on mood in the elderly and that this relationship differs with the types of outdoor residential environments.





3. Materials and Methods


3.1. Study Settings and Survey Design


Guangzhou is the capital of Guangdong Province, and it is the largest industrial and commercial city in South China. It has a total of more than 13 million residents and land area of 7434 km2. In 2018, 18% population of Guangzhou was over 60 years of age, and it was sometimes more than 20% in older neighborhoods [75].



Attributes of residential outdoor environment that affect health outcomes include landscape quality, spatial form quality, and microclimate. Thus, we developed a scale assessing 14 environmental factors in three dimensions based on previous research [20,76,77,78,79,80]. We first carried out the field investigation across 37 residences in Guangzhou, and the scale was used by the trained researchers to rate the residential outdoor environments. Based on the results, we classified the environments into three different quality levels: (1) high quality (HQ), (2) medium quality (MQ), and (3) poor quality (PQ). Finally, nine representative residential locations with three different quality levels of outdoor environments were selected as study sites.



HQ residences were built during the 2000–10s, with pleasant landscapes and large public areas. The outdoor environments of HQ residences have a high ratio of greenness, a well-designed layout, abundant facilities, and good maintenance, with high scores on all the factors in general. MQ residences were established during the 1990–2000s, with outdoor environment quality ratings in between HQ and PQ residences. The outdoor environments of MQ residences have a relatively high proportion of green space and some recreational facilities with old-fashioned design. PQ residences were built during the 1980–90s and characterized by a lack of public area and high building density. The outdoor environments of PQ residences have a low ratio of greenness, their spatial layout is inappropriate, and functions of the site are not in harmony with the land use structure. Pictures of residential outdoor environments are shown in Figure 2.



A cross-sectional study was designed to investigate the relationship between residential outdoor environments and mood in the elderly in Guangzhou. Prior to the survey, we obtained the consent of the property management of residences to conduct the investigation. We obtained the approval of each participant at the start of the interview and assured that their private information would not be divulged and all the data would only be used for academic purposes.




3.2. Participants


Residents who were aged 60 years and over, living in the study area for more than half a year, able to understand the survey questionnaires, and provide responses, were invited to participate. During the survey, we randomly intercepted the residents in the study areas to introduce the survey purpose, and we asked some simple questions about their age and length of residence to identify whether they were eligible to participate. We used a convenience sampling method for recruiting. The interview was conducted anonymously, and verbal informed consent was obtained from each participant prior to the study. We invited 472 older adults to participate in the questionnaire survey and eventually received 435 responses. The overall response rate was 92.1% (non-response rate, 7.9%). Of the completed questionnaires, 32 were invalid due to incompletion. Thus, the final sample consisted of 403 participants, with a valid response rate of 85.3%. Table 1 shows the demographic characteristics of the participants.




3.3. Data Collection


Before the extensive field investigation, the instruments were pilot-tested in a small group of elderly people, and we made minor changes to the questionnaire based on feedback to make it more comprehensible. The questionnaires were administered by the interviewers, who received a half-day of intensive training regarding data collection. Participants were interviewed in the outdoor environment of the residential areas between 7 a.m. and 8 p.m. during weekdays and weekends. The trained investigators administered the questionnaire verbally to participants, in which the researchers read each question to the participants and recorded their responses. Participants were given as much time as they needed to answer and most questionnaires took approximately 20 min to complete. On completion of the questionnaire, participants were given a small gift to thank them for taking part in the survey. All of the questionnaire surveys were carried out from 20 November 2019, to 26 December 2019.



We selected 14 specific factors for inclusion in the questionnaire survey for assessment of the quality of residential outdoor environments based on previous studies [20,76,77,78,79,80]. The environmental factors were as follows: (1) Landscape quality (e.g., cleanliness, function of the site, road pattern, accessibility, pavement, greenness, facilities, and building facade), (2) Spatial form (e.g., spatial scale, enclosure, and transparency), and (3) Microclimate (e.g., temperature, humidity, and wind environment). The scale has a unidimensional structure and includes items such as “The function of the site can meet my demand“ and “It is easy to access to the outdoor environment.” Participants were required to rate their agreement on a five-point scale ranging from 1-strongly disagree to 5-totally agree. Higher scores indicate higher levels of assessment on the environment quality.



Mood was assessed using the PANAS [65]. The Chinese version of PANAS with 18 items was used in this study and consists of two subscales that describe positive and negative moods [81]. Positive affect and negative affect have been previously confirmed to be two relatively independent dimensions in the structure of PANAS [72], and we therefore calculated the score of positive affect and negative affect separately in this study. Participants indicated the extent of their feelings of positive affect (e.g., enthusiastic or excited) and negative affect (e.g., afraid or depressed) using a 5-point Likert scale (1 = very slightly or not at all, 2 = a little, 3 = moderately, 4 = quiet, and 5 = very much), during the past two weeks when they were in the outdoor residential environments.




3.4. Statistical Analyses


Data analyses were conducted using SPSS (version 25.0, IBM, Armonk, NY, USA). Graphs and figures were generated using GraphPad Prism version 6 (GraphPad Software, San Diego, CA, USA). The Kruskal–Wallis test was used to determine whether there were differences in the assessment of environmental quality and mood among the three types of residential outdoor environments. We then used Spearman’s rank correlation coefficient to understand the association between environmental factors and mood. A set of multiple linear regression models (Table 2) were also constructed to understand the main variable affecting the mood of the elderly. Each model represents the stepwise addition of each environmental factor.





4. Results


4.1. Reliability and Study Model Verification


Cronbach’s α was used to confirm the reliability and validity of each type of residential outdoor environment, where a value of 0.6 or higher was regarded as reliable. Table 3 shows the number of items in each type of residence and their reliability values. The variables of each type of residence were composed of 39 items, and each of their α values was considered satisfactory at 0.6 or higher. Factor analysis was used to confirm the study’s validity, and all of the loading values from the types of residential outdoor environments were higher than 0.8 and were subsequently included in the analyses.




4.2. Differences in Assessments of Environmental Factors and Mood Effect of Older People among Three Types of the Residential Outdoor Environment


The assessments of 14 residential outdoor environmental factors and positive and negative mood effects among three types of residence are shown in Figure 3. The results show large variability among the three types of residences. The score of environmental assessments tended to be high for HQ residences and low for MQ and PQ residences. Kruskal–Wallis test was performed on all 14 environmental factors, and all the hypotheses of the equal medians across three types of residence were rejected (p ≤ 0.01). We also conducted a Dunn test, which revealed that the assessment of greenness had significant differences in three types of residences. There were significant differences in most of the factors between HQ and MQ residences, while no significant difference was found across 12 factors between MQ and PQ.



HQ residences showed the highest score on positive affect, followed by MQ residences and PQ residences. Kruskal–Wallis test for positive mood effects showed that the hypothesis of equal medians among three types of residence was rejected (p ≤ 0.01), and the Dunn test showed that HQ residences showed a significantly higher score of positive affect than MQ and PQ residences (p < 0.01), while no significant difference was found in MQ or PQ residences. We found no significant difference in negative affect between the three residence types.




4.3. The Effects of Different Factors on the Mood of Older People and Their Relative Importance


As shown in Table 4, the results of Spearman’s correlation analysis among the three types of residential areas were highly variable. For HQ residences, the results showed that all of the environmental factors were correlated with positive affect (PA), while only seven environmental factors were correlated with negative affect (NA), including cleanliness, enclosure, temperature, function of the site, greenness, spatial scale, and humidity. For MQ residences, PA was positively related to all other 11 environmental factors, except for function of the site, greenness, and facilities, while only one factor (wind environment) was significantly correlated with NA. This analysis showed that the influence factors of NA could not be determined from the environmental factors of medium-quality residences. In PQ residences, PA was significantly correlated with all of the factors except greenness, while NA was significantly correlated with most environmental factors except function of the site, accessibility, and facilities.



To analyze the main factors that impacted mood in the elderly across the three residential types, we constructed several multiple linear regression models ( Table 5; Table 6). The independent variable in Model 1 includes landscape quality factors, whereas that in Model 2 includes both landscape quality and spatial form quality factors. The independent variable in Model 3 includes both landscape quality and microclimate environment factors, while all of the selected factors were simulated in Model 4. Multiple models were estimated partly to ensure the stability of the observed relationship. All of the results in Model 4 were generally consistent with those in Models 1-3. The result showed that all of the variance inflation factor (VIF) values in the regression models were less than 3, suggesting no collinearity issues between the selected variables.



For HQ residences, the results showed that the cleanliness and function of the site were positively associated with PA in Model 1 (Table 5). Of the two factors, cleanliness had a stronger relationship with PA than the function of the site. Cleanliness was positively associated with NA (Table 6). Comparing Models 2 and 3 with Model 1, the adjusted R-squared values increased by 0.015 and 0.004 in PA, respectively, while they both decreased by 0.008 in NA. The results showed that the positive mood effect of space form was more pronounced than that of the microclimate environment, while neither space form nor microclimate environment had any significant association with NA. In Model 4, the adjusted R-squared values were 0.252 and 0.172, respectively, in PA and NA, which meant that approximately 25.2% and 17.2% of the variation in the elderly population mood was explained by the model. After including both space form and microclimate environment in Model 4, cleanliness showed no significant association with PA, indicating that the effect of cleanliness on PA was mediated by space form and microclimate environment. The results showed that the function of the site was positively associated with PA, and cleanliness was negatively associated with NA in the high-quality residential outdoor environment.



For MQ residences, regression analysis showed that pavement was positively associated with PA in Model 1 (Table 5). Comparing Models 2 and 3 with Model 1, the adjusted R-square values increased by 0.026 and 0.005, respectively. The results indicated that the associations were stronger between PA and space form than between PA and microclimate environment. In Model 4, the adjusted R-squared value was 0.150, which meant approximately 15.0% of the variation in the elderly population mood was explained jointly by 11 environmental variables. The results indicated that pavement was significantly associated with PA, which was similar to the results of other models.



For PQ residences, the results of the regression analysis showed that, in Model 1, building facade was positively associated with PA (Table 5), while greenness was negatively associated with NA (Table 6). Comparing Models 2 and 3 with Model 1, the adjusted R-squared values increased by 0.074 and 0.042, respectively, in PA, while they decreased by 0.109 and 0.114, respectively, in NA. The results established that spatial form had a stronger relationship with PA, while microclimate was relatively weakly related to PA, and the negative mood effect of the microclimate environment was more obvious than the effect of spatial form. In Model 4, the adjusted R-squared value was 0.222 in PA, while it was 0.260 in NA, which meant that approximately 22.2% and 26.0% of the variation in the elderly’s mood, respectively, was explained by the model. The results showed transparency to be positively associated with PA, and four factors (greenness, enclosure, transparency, and humidity) to be negatively associated with NA. Among the four factors, humidity was the most significant variable in predicting NA, followed by transparency, enclosure, and greenness. However, temperature was positively associated with NA.





5. Discussion


5.1. Factors Influencing Mood in the Elderly across Various Residential Outdoor Environments


The results of this study supported our hypothesis, indicating that residential outdoor environments have an impact on mood in the elderly, and the relationship varies with the different qualities of residential outdoor environments. Specifically, the elderly demonstrated greater positive affect in higher-quality residential outdoor environments in Guangzhou. This is consistent with previous studies that found that perceptions of high-quality environmental characteristics in neighborhoods may contribute to positive mental well-being [11,37]. However, there were no differences in negative mood among the three types of residences. This could indicate that positive mood and negative mood respond to the outdoor environment in different ways among older people. Generally, some factors may have different degrees of impact on the elderly’s mood in different qualities of residential outdoor environments and may be related to residents’ individual differences and the environmental characteristics of the residential area.



In HQ residential outdoor environments, the function of the site was strongly related to positive mood, while cleanliness of the site was significantly associated with negative mood. It might be the case that residential outdoor environments that serve as multiple functional places can trigger positive emotional responses in the elderly by providing opportunities for them to choose activities they like and by promoting social relationships. Our findings align with previous studies that have found that neighborhood can influence residents’ well-being by providing a setting in which to foster social connections and subsequent positive mood [82]. Furthermore, the findings that site cleanness was associated with mood is consistent with a previous study that found neighborhood uncleanliness (e.g., presence of litter and dog dirt) was associated with lower levels of neighborhood satisfaction and mental health [83]. Moreover, participants living in HQ residential environments with higher socioeconomic status (SES) may prefer to have more places for physical exercise and pay more attention to sanitation issues [84]; thus, the function and cleanliness of the site are more important for their outdoor experience compared with other factors [85].



In MQ residential outdoor environments, our analyses showed that among the 11 environmental factors, pavement quality was the only one to have a significant effect on positive mood. Our finding aligns with previously-established findings that older adults with more positive perceptions of pavements have better mental health and affective appraisal [20,86]. Previous studies have found that good pavement conditions (e.g., no cracks, curbs, and potholes) in residential areas were conducive to walking for the elderly [87,88,89]. Walking was found to be the main mode of transportation among the elderly [86,90]. Pavement conditions may be crucial in order for the elderly to participate in outdoor activities, subsequently affecting their positive mood [91]. It is possible that poor conditions may decrease the sense of safety for older people and, in turn, lead to a diminished sense of positive affect due to the threat of tripping. Walking, therefore, may partially explain the association between better pavement conditions and higher positive mood.



In the PQ residential outdoor environments, two interesting findings are notable. First, transparency was associated with a positive mood. Transparency refers to how well residents can see and perceive the space outside of their environment, and previous research found that transparency was a significant predictor of walking [92]. Outdoor environments that exhibit some transparency contribute to the perception of other people’s activities beyond the site, which would attract the elderly to participate in outdoor activities, thereby reducing their pressure and promoting a positive mood.



Furthermore, greenness, enclosure, transparency, humidity, and temperature were significant predictors of negative mood. Greenness was negatively associated with negative mood, suggesting that viewing vegetation can ameliorate negative moods (i.e., stress, depression, and anxiety). This finding is consistent with the effect of greenness on mental health found in various kinds of environments [93,94,95,96]. Moreover, enclosure and transparency were found to be negatively associated with negative mood, also confirming the findings of previous studies [20,76,97]. Older people living in PQ residences with high building density may experience negative moods, likely due to the perception of enclosure and vistas without open views, leading to feelings of depression. However, our findings on the emotional effects of the microclimate environment were inconsistent with prior work [98], and this topic merits further research.




5.2. Implications for Residential Planning and Management


Based on the above findings, community planners, designers, and stakeholders could benefit from knowing what environmental features will enhance the positive emotional response of elderly residents. These environmental features may contribute to the design and building of an aging-friendly community and ultimately enhancing older people’s well-being and quality of life. Our findings suggest that the good design of specific environmental features in the residential outdoor environment is an important pivot of positive mood, and the factors impact on the mood among residential environments is different. Thus, the types of residential outdoor environments should be considered individually rather than aggregated simply as “outdoor space”.



According to the results in this study, significant environmental predictors should be improved to build a pleasant environment that would exert a positive effect on the mental health of elderly residents. For instance, “function” and “cleanliness” are associated with the mood of the elderly living in high-quality residences. This suggests that for this type of residences, designers should pay extra attention to these two landscape quality factors in the construction of livable residences to enhance the elderly’s mental health. Specifically, landscape architects should consider creating various functional spaces, such as spaces for fitness, chess-playing, chatting, and dancing, to promote recreational and social activities for the elderly and, in turn, enhance positive mood. Additionally, maintaining the cleanness of environmental and utilizing vegetation or microtopography to get rid of eyesores are highly effective means for enhancing the positive emotion of residents. In addition, “pavement” should be given higher priority than other elements in the design of medium-quality residences, while “greenness,” “spatial form,” and “microclimate environment” should be highlighted in the renovation of the poor-quality residences. Equipped with information about the impact of residential outdoor environment on the mood effect, policymakers and designers can make better decisions for residence design and promote the effectiveness and quality of construction in the residential environment.




5.3. Limitation and Future Research


Several limitations of this study should be acknowledged. First, our study is based on a cross-sectional survey in which causality between residential outdoor environments and mood of the elderly residents is not clear. Although some findings coincide with previous studies, we cannot uncover the direction of the causal effect by this survey-based evidence alone. Therefore, longitudinal or experimental research is required for future investigation. Second, the study relied on convenience sampling and therefore provides a limited understanding of the links between residential outdoor environments and mood, and the results may not be representative of the population at large. Future studies should adopt a more stringent sampling method and increase the sample size. Third, another limitation of this study is that we were unable to assess whether the mood varies among older adults of different ages. Previous research has demonstrated that people tend to have a deeper attachment to the neighborhood when aging [99,100,101], which may impact their emotional response to the environment. In the future research, it will be important to examine more fully the role of the participant characteristics. Finally, the physical health condition and preference of the elderly are not emphasized in this study. It would be promising for future research to examine more individual physical and psychological factors that have been shown to play a role in the interaction with the outdoor environment. The dynamic of the elderly’s psychology and behavior associated with the environment should also be studied.





6. Conclusions


This study investigated the links between residential outdoor environments of different qualities and the mood of the elderly in Guangzhou. Specifically, we investigated various factors associated with residential outdoor environments and how they may be linked to positive and negative affect.



The result suggested that the elderly tend to perceive more positive emotions in higher-quality residential outdoor environments and that effects of mood can vary as a function of different types of residential outdoor environments. More specifically, the results showed that the function and cleanliness of the site were significantly correlated with mood in high-quality residences, while pavement was significantly correlated with mood in medium-quality residences. In contrast, transparency, enclosure, greenness, temperature, and humidity were significantly correlated with mood in poor-quality residences. The results shed light on the need to promote mental health in the elderly and provide preliminary guidance for planners and designers to consider differences between types of residential outdoor environment that may affect mood and quality of life for elderly residents.







Author Contributions


Conceptualization, Y.X. and C.C.; methodology, C.C. and Y.X.; validation, C.C., W.L., and Y.X.; formal analysis, W.L., H.L., and X.Y.; investigation, W.L., H.L., and X.Y.; resources, C.C. and Y.X.; data curation, W.L., H.L., and X.Y.; writing—original draft preparation, W.L., H.L., and C.C.; writing—review and editing, C.C., Y.X., N.K., and W.L.; visualization, N.K. and W.L.; supervision, Y.X.; project administration, C.C.; funding acquisition, Y.X. and C.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Natural Science Foundation of China, grant numbers: 51808229 and 51908310, and by the 2019 Philosophy and Social Science Foundation of Guangzhou, grant number: 2019GZGJ53, and by the 2017 Innovative Talents Project of Education Department of Guangdong Province, grant number: 2017WQNCX010.




Acknowledgments


We would like to thank Danyang Lei, Wangying Liang, Aiting Chen and Zhushen Cen for their help in undertaking the survey and collecting the data.




Conflicts of Interest


The authors declare there are no conflicts of interest.




References


	



World Health Organization. Ageing and health. Available online: https://www.who.int/news-room/fact-sheets/detail/ageing-and-health (accessed on 10 March 2020).

	



Su, H.; Cao, J.; Zhou, Y.; Wang, L.; Xing, L. The mediating effect of coping style on personality and mental health among elderly Chinese empty-nester: A cross-sectional study. Arch. Gerontol. Geriatr. 2018, 75, 197–201. [Google Scholar] [CrossRef] [PubMed]

	



Alexopoulos, G.S. Depression in the elderly. Lancet 2005, 365, 1961–1970. [Google Scholar] [CrossRef]

	



Korczyn, A.D.; Halperin, I. Depression and dementia. J. Neurol. Sci. 2009, 283, 139–142. [Google Scholar] [CrossRef] [PubMed]

	



Zhenhua, Z.; Xizhe, P. A Study on the Impact of Community Environment on the Behavior and Health of the Elderly. Geogr. Res. 2019, 38, 1481–1496. [Google Scholar]

	



Yamamoto, M.; Jo, H. Perceived neighborhood walkability and physical exercise: An examination of casual communication in a social process. Health Place 2018, 51, 28–35. [Google Scholar] [CrossRef]

	



Cantor, M.H. Life space and the social support system of the inner city elderly of new york. Gerontologist 1975, 15, 23–27. [Google Scholar] [CrossRef]

	



Grazuleviciute-Vileniske, I.; Seduikyte, L.; Teixeira-Gomes, A.; Mendes, A.; Borodinecs, A.; Buzinskaite, D. Aging, Living Environment, and Sustainability: What Should be Taken into Account? Sustainability 2020, 12, 1853. [Google Scholar] [CrossRef]

	



Kowitt, S.D.; Aiello, A.E.; Callahan, L.F.; Fisher, E.B.; Gottfredson, N.C.; Jordan, J.M.; Muessig, K.E. Associations among neighborhood poverty, perceived neighborhood environment, and depressed mood are mediated by physical activity, perceived individual control, and loneliness. Health Place. (in press). [CrossRef]

	



De Vries, S.; van Dillen, S.M.E.; Groenewegen, P.P.; Spreeuwenberg, P. Streetscape greenery and health: Stress, social cohesion and physical activity as mediators. Soc. Sci. Med. 2013, 94, 26–33. [Google Scholar] [CrossRef]

	



Leslie, E.; Cerin, E. Are perceptions of the local environment related to neighbourhood satisfaction and mental health in adults? Prev. Med. 2008, 47, 273–278. [Google Scholar] [CrossRef]

	



Sturm, R.; Cohen, D. Proximity to urban parks and mental health. J. Ment. Health Policy Econ. 2014, 17, 19–24. [Google Scholar] [PubMed]

	



Ward Thompson, C.; Roe, J.; Aspinall, P.; Mitchell, R.; Clow, A.; Miller, D. More green space is linked to less stress in deprived communities: Evidence from salivary cortisol patterns. Landsc. Urban Plan. 2012, 105, 221–229. [Google Scholar] [CrossRef]

	



Roe, J.J.; Ward Thompson, C.; Aspinall, P.A.; Brewer, M.J.; Duff, E.I.; Miller, D.; Mitchell, R.; Clow, A. Green space and stress: Evidence from cortisol measures in deprived urban communities. Int. J. Environ. Res. Public Health 2013, 10, 4086–4103. [Google Scholar] [CrossRef] [PubMed]

	



Beyer, K.M.M.; Kaltenbach, A.; Szabo, A.; Bogar, S.; Javier Nieto, F.; Malecki, K.M. Exposure to neighborhood green space and mental health: Evidence from the survey of the health of wisconsin. Int. J. Environ. Res. Public Health 2014, 11, 3453–3472. [Google Scholar] [CrossRef]

	



Nutsford, D.; Pearson, A.L.; Kingham, S. An ecological study investigating the association between access to urban green space and mental health. Public Health 2013, 127, 1005–1011. [Google Scholar] [CrossRef]

	



Shanahan, D.F.; Bush, R.; Gaston, K.J.; Lin, B.B.; Dean, J.; Barber, E.; Fuller, R.A. Health Benefits from Nature Experiences Depend on Dose. Sci. Rep. 2016, 6, 1–10. [Google Scholar] [CrossRef]

	



Helbich, M.; Yao, Y.; Liu, Y.; Zhang, J.; Liu, P.; Wang, R. Using deep learning to examine street view green and blue spaces and their associations with geriatric depression in Beijing, China. Environ. Int. 2019, 126, 107–117. [Google Scholar] [CrossRef]

	



Dzhambov, A.M. Residential green and blue space associated with better mental health: A pilot follow-up study in university students. Arh. Hig. Rada Toksikol. 2018, 69, 340–349. [Google Scholar] [CrossRef]

	



Zhang, H.; Lin, S.H. Affective appraisal of residents and visual elements in the neighborhood: A case study in an established suburban community. Landsc. Urban Plan. 2011, 101, 11–21. [Google Scholar] [CrossRef]

	



Pfeiffer, D.; Cloutier, S. Planning for Happy Neighborhoods. J. Am. Plan. Assoc. 2016, 82, 267–279. [Google Scholar] [CrossRef]

	



Brooks, A.M.; Ottley, K.M.; Arbuthnott, K.D.; Sevigny, P. Nature-related mood effects: Season and type of nature contact. J. Environ. Psychol. 2017, 54, 91–102. [Google Scholar] [CrossRef]

	



Triguero-Mas, M.; Dadvand, P.; Cirach, M.; Martínez, D.; Medina, A.; Mompart, A.; Basagaña, X.; Gražulevičiene, R.; Nieuwenhuijsen, M.J. Natural outdoor environments and mental and physical health: Relationships and mechanisms. Environ. Int. 2015, 77, 35–41. [Google Scholar] [CrossRef] [PubMed]

	



Evans, G.W. The Built Environment and Mental Health. J. Urban Health 2003, 80, 536–555. [Google Scholar] [CrossRef] [PubMed]

	



Lederbogen, F.; Kirsch, P.; Haddad, L.; Streit, F.; Tost, H.; Schuch, P.; Wüst, S.; Pruessner, J.C.; Rietschel, M.; Deuschle, M.; et al. City living and urban upbringing affect neural social stress processing in humans. Nature 2011, 474, 498–501. [Google Scholar] [CrossRef] [PubMed]

	



Honold, J.; Beyer, R.; Lakes, T.; van der Meer, E. Multiple environmental burdens and neighborhood-related health of city residents. J. Environ. Psychol. 2012, 32, 305–317. [Google Scholar] [CrossRef]

	



Kondo, M.C.; Triguero-Mas, M.; Donaire-Gonzalez, D.; Seto, E.; Valentín, A.; Hurst, G.; Carrasco-Turigas, G.; Masterson, D.; Ambròs, A.; Ellis, N.; et al. Momentary mood response to natural outdoor environments in four European cities. Environ. Int. 2020, 134, 105237. [Google Scholar] [CrossRef]

	



Li, D.; Deal, B.; Zhou, X.; Slavenas, M.; Sullivan, W.C. Moving beyond the neighborhood: Daily exposure to nature and adolescents’ mood. Landsc. Urban Plan. 2018, 173, 33–43. [Google Scholar] [CrossRef]

	



Mavoa, S.; Lucassen, M.; Denny, S.; Utter, J.; Clark, T.; Smith, M. Natural neighbourhood environments and the emotional health of urban New Zealand adolescents. Landsc. Urban Plan. 2019, 191, 103638. [Google Scholar] [CrossRef]

	



Skalicky, V.; Čerpes, I. Comprehensive assessment methodology for liveable residential environment. Cities 2019, 94, 44–54. [Google Scholar] [CrossRef]

	



Wang, R.; Liu, Y.; Lu, Y.; Zhang, J.; Liu, P.; Yao, Y.; Grekousis, G. Perceptions of built environment and health outcomes for older Chinese in Beijing: A big data approach with street view images and deep learning technique. Comput. Environ. Urban Syst. 2019, 78, 101386. [Google Scholar] [CrossRef]

	



Wong, M.; Yu, R.; Woo, J. Effects of perceived neighbourhood environments on self-rated health among community-dwelling older Chinese. Int. J. Environ. Res. Public Health 2017, 14, 614. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, L.; Zhou, S.; Kwan, M.P. A comparative analysis of the impacts of objective versus subjective neighborhood environment on physical, mental, and social health. Health Place 2019, 59, 102170. [Google Scholar] [CrossRef] [PubMed]

	



Dunstan, F.; Fone, D.L.; Glickman, M.; Palmer, S. Objectively Measured Residential Environment and Self-Reported Health: A Multilevel Analysis of UK Census Data. PLoS ONE 2013, 8, e69045. [Google Scholar] [CrossRef] [PubMed]

	



Doyle, S.; Kelly-Schwartz, A.; Schlossberg, M.; Stockard, J. Active community environments and health: The relationship of walkable and safe communities to individual health. J. Am. Plan. Assoc. 2006, 72, 19–31. [Google Scholar] [CrossRef]

	



Tsai, W.L.; Silva, R.A.; Nash, M.S.; Cochran, F.V.; Prince, S.E.; Rosenbaum, D.J.; D’Aloisio, A.A.; Jackson, L.E.; Mehaffey, M.H.; Neale, A.C.; et al. How do natural features in the residential environment influence women’s self-reported general health? Results from cross-sectional analyses of a U.S. national cohort. Environ. Res. 2020, 183, 109176. [Google Scholar] [CrossRef] [PubMed]

	



Liu, Y.; Dijst, M.; Faber, J.; Geertman, S.; Cui, C. Healthy urban living: Residential environment and health of older adults in Shanghai. Health Place 2017, 47, 80–89. [Google Scholar] [CrossRef]

	



Takano, T.; Nakamura, K.; Watanabe, M. Urban residential environments and senior citizens’ longevity in megacity areas: The importance of walkable green spaces. J. Epidemiol. Community Health 2002, 56, 913–918. [Google Scholar] [CrossRef]

	



Francis, J.; Giles-Corti, B.; Wood, L.; Knuiman, M. Creating sense of community: The role of public space. J. Environ. Psychol. 2012, 32, 401–409. [Google Scholar] [CrossRef]

	



Diez Roux, A.V.; Mair, C. Neighborhoods and health. Ann. N. Y. Acad. Sci. 2010, 1186, 125–145. [Google Scholar] [CrossRef]

	



Kim, D. Blues from the neighborhood? Neighborhood characteristics and depression. Epidemiol. Rev. 2008, 30, 101–117. [Google Scholar] [CrossRef]

	



Hale, L.; Hill, T.D.; Friedman, E.; Javier Nieto, F.; Galvao, L.W.; Engelman, C.D.; Malecki, K.M.C.; Peppard, P.E. Perceived neighborhood quality, sleep quality, and health status: Evidence from the Survey of the Health of Wisconsin. Soc. Sci. Med. 2013, 79, 16–22. [Google Scholar] [CrossRef]

	



Wilson, J.; Kelling, G. Broken Windows: The police and neighborhood safety. Atl. Mon. 1982, 127, 29–38. [Google Scholar]

	



Lamis, D.A.; Wilson, C.K.; Tarantino, N.; Lansford, J.E.; Kaslow, N.J. Neighborhood disorder, spiritual well-being, and parenting stress in African American women. J. Fam. Psychol. 2014, 28, 769–778. [Google Scholar] [CrossRef] [PubMed]

	



Browning, C.R.; Soller, B.; Gardner, M.; Brooks-Gunn, J. “Feeling Disorder” as a Comparative and Contingent Process: Gender, Neighborhood Conditions, and Adolescent Mental Health. J. Health Soc. Behav. 2013, 54, 296–314. [Google Scholar] [CrossRef] [PubMed]

	



O’Brien, D.T.; Farrell, C.; Welsh, B.C. Broken (windows) theory: A meta-analysis of the evidence for the pathways from neighborhood disorder to resident health outcomes and behaviors. Soc. Sci. Med. 2019, 228, 272–292. [Google Scholar] [CrossRef] [PubMed]

	



Jones-Rounds, M.L.; Evans, G.W.; Braubach, M. The interactive effects of housing and neighbourhood quality on psychological well-being. J. Epidemiol. Community Health 2014, 68, 171–175. [Google Scholar] [CrossRef] [PubMed]

	



Gandelman, N.; Piani, G.; Ferre, Z. Neighborhood Determinants of Quality of Life. J. Happiness Stud. 2012, 13, 547–563. [Google Scholar] [CrossRef]

	



Chen, C.-L.; Zhang, H. Using emotion to evaluate our community: Exploring the relationship between the affective appraisal of community residents and the community environment. Archit. Eng. Des. Manag. 2018, 14, 256–271. [Google Scholar] [CrossRef]

	



Sugiyama, T.; Leslie, E.; Giles-Corti, B.; Owen, N. Associations of neighbourhood greenness with physical and mental health: Do walking, social coherence and local social interaction explain the relationships? J. Epidemiol. Community Health 2008, 62, e9. [Google Scholar] [CrossRef]

	



Kweon, B.S.; Sullivan, W.C.; Wiley, A.R. Green common spaces and the social integration of inner-city older adults. Environ. Behav. 1998, 30, 832–858. [Google Scholar] [CrossRef]

	



Xue, T.; Zhu, T.; Zheng, Y.; Zhang, Q. Declines in mental health associated with air pollution and temperature variability in China. Nat. Commun. 2019, 10, 2165. [Google Scholar] [CrossRef] [PubMed]

	



Griffit, W.; Veitch, R. Hot and crowded: Influence of population density and temperature on interpersonal affective behavior. J. Pers. Soc. Psychol. 1971, 17, 92–98. [Google Scholar] [CrossRef]

	



McElroy, S.L.; Kotwal, R.; Malhotra, S.; Nelson, E.B.; Keck, P.E.; Nemeroff, C.B. Are mood disorders and obesity related? A review for the mental health professional. J. Clin. Psychiatry 2004, 65, 634–651. [Google Scholar] [CrossRef] [PubMed]

	



Salovey, P.; Rothman, A.J.; Detweiler, J.B.; Steward, W.T. Emotional states and physical health. Am. Psychol. 2000, 55, 110–121. [Google Scholar] [CrossRef] [PubMed]

	



Lane, A.M.; Terry, P.C. The Nature of Mood: Development of a Conceptual Model with a Focus on Depression. J. Appl. Sport Psychol. 2000, 12, 16–33. [Google Scholar] [CrossRef]

	



Pretty, J.; Peacock, J.; Sellens, M.; Griffin, M. The mental and physical health outcomes of green exercise. Int. J. Environ. Health Res. 2005, 15, 319–337. [Google Scholar] [CrossRef]

	



Barton, J.; Pretty, J. What is the best dose of nature and green exercise for improving mental health—A multi-study analysis. Environ. Sci. Technol. 2010, 44, 3947–3955. [Google Scholar] [CrossRef]

	



Schuster, T.L.; Kessler, R.C.; Aseltine, R.H. Supportive interactions, negative interactions, and depressed mood. Am. J. Community Psychol. 1990, 18, 423–438. [Google Scholar] [CrossRef]

	



Pemberton, R.; Fuller Tyszkiewicz, M.D. Factors contributing to depressive mood states in everyday life: A systematic review. J. Affect. Disord. 2016, 200, 103–110. [Google Scholar] [CrossRef]

	



Peluso, M.A.M.; Guerra de Andrade, L.H.S. Physical activity and mental health: The association between exercise and mood. Clinics 2005, 60, 61–70. [Google Scholar] [CrossRef]

	



Tyson, P.; Wilson, K.; Crone, D.; Brailsford, R.; Laws, K. Physical activity and mental health in a student population. J. Ment. Health 2010, 19, 492–499. [Google Scholar] [CrossRef] [PubMed]

	



Rautio, N.; Filatova, S.; Lehtiniemi, H.; Miettunen, J. Living environment and its relationship to depressive mood: A systematic review. Int. J. Soc. Psychiatry 2018, 64, 92–103. [Google Scholar] [CrossRef] [PubMed]

	



Ibes, D.C.; Forestell, C.A. The role of campus greenspace and meditation on college students’ mood disturbance. J. Am. Coll. Health. (in press). [CrossRef] [PubMed]

	



Watson, D.; Clark, L.A.; Tellegen, A. Development and validation of brief measures of positive and negative affect: The PANAS scales. J. Pers. Soc. Psychol. 1988, 54, 1063–1070. [Google Scholar] [CrossRef] [PubMed]

	



Neill, C.; Gerard, J.; Arbuthnott, K.D. Nature contact and mood benefits: Contact duration and mood type. J. Posit. Psychol. 2019, 14, 756–767. [Google Scholar] [CrossRef]

	



Berman, M.G.; Kross, E.; Krpan, K.M.; Askren, M.K.; Burson, A.; Deldin, P.J.; Kaplan, S.; Sherdell, L.; Gotlib, I.H.; Jonides, J. Interacting with nature improves cognition and affect for individuals with depression. J. Affect. Disord. 2012, 140, 300–305. [Google Scholar] [CrossRef]

	



Ebesutani, C.; Regan, J.; Smith, A.; Reise, S.; Higa-McMillan, C.; Chorpita, B.F. The 10-item Positive and Negative Affect Schedule for Children, Child and parent shortened versions: Application of item response theory for more efficient assessment. J. Psychopathol. Behav. Assess. 2012, 34, 191–203. [Google Scholar] [CrossRef]

	



Merz, E.L.; Malcarne, V.L.; Roesch, S.C.; Ko, C.M.; Emerson, M.; Roma, V.G.; Sadler, G.R. Psychometric properties of Positive and Negative Affect Schedule (PANAS) original and short forms in an African American community sample. J. Affect. Disord. 2013, 151, 942–949. [Google Scholar] [CrossRef]

	



Terracciano, A.; McCrae, R.R.; Costa, P.T. Factorial and construct validity of the Italian Positive and Negative Affect Schedule (PANAS). Eur. J. Psychol. Assess. 2003, 19, 131. [Google Scholar] [CrossRef]

	



Thompson, E.R. Development and validation of an internationally reliable short-form of the Positive and Negative Affect Schedule (PANAS). J. Cross. Cult. Psychol. 2007, 38, 227–242. [Google Scholar] [CrossRef]

	



Zhang, Z.; Zhang, J. Perceived residential environment of neighborhood and subjective well-being among the elderly in China: A mediating role of sense of community. J. Environ. Psychol. 2017, 51, 82–94. [Google Scholar] [CrossRef]

	



Liu, L.J.; Guo, Q. Life satisfaction in a sample of empty-nest elderly: A survey in the rural area of a mountainous county in China. Qual. Life Res. 2008, 17, 823. [Google Scholar] [CrossRef] [PubMed]

	



Liang, Y.; Zhu, D. Subjective Well-Being of Chinese Landless Peasants in Relatively Developed Regions: Measurement Using PANAS and SWLS. Soc. Indic. Res. 2015, 123, 817–835. [Google Scholar] [CrossRef]

	



Guangzhou Municipal Health Commission. 2018 A Report on the Development of Aging Agenda in Guangzhou. Available online: http://www.gz.gov.cn/zfjgzy/gzswsjkwyh/zdlyxxgk/jbylws/ggws/content/post_2996619.html (accessed on 22 February 2020).

	



Hur, M.; Nasar, J.L.; Chun, B. Neighborhood satisfaction, physical and perceived naturalness and openness. J. Environ. Psychol. 2010, 30, 52–59. [Google Scholar] [CrossRef]

	



Ettema, D.; Schekkerman, M. How do spatial characteristics influence well-being and mental health? Comparing the effect of objective and subjective characteristics at different spatial scales. Travel Behav. Soc. 2016, 5, 56–67. [Google Scholar] [CrossRef]

	



Schinasi, L.H.; Benmarhnia, T.; De Roos, A.J. Modification of the association between high ambient temperature and health by urban microclimate indicators: A systematic review and meta-analysis. Environ. Res. 2018, 161, 168–180. [Google Scholar] [CrossRef]

	



Harlan, S.L.; Brazel, A.J.; Prashad, L.; Stefanov, W.L.; Larsen, L. Neighborhood microclimates and vulnerability to heat stress. Soc. Sci. Med. 2006, 63, 2847–2863. [Google Scholar] [CrossRef]

	



Tu, K.J.; Lin, L.T. Evaluative structure of perceived residential environment quality in high-density and mixed-use urban settings: An exploratory study on Taipei City. Landsc. Urban Plan. 2008, 87, 157–171. [Google Scholar] [CrossRef]

	



Shi, L.; Sun, J.; Wei, D.; Qiu, J. Recover from the adversity: Functional connectivity basis of psychological resilience. Neuropsychologia 2019, 122, 20–27. [Google Scholar] [CrossRef]

	



Leyden, K.M.; Goldberg, A.; Michelbach, P. Understanding the pursuit of happiness in ten major cities. Urban Aff. Rev. 2011, 47, 861–888. [Google Scholar] [CrossRef]

	



Gale, C.R.; Dennison, E.M.; Cooper, C.; Sayer, A.A. Neighbourhood environment and positive mental health in older people: The Hertfordshire Cohort Study. Health Place 2011, 17, 867–874. [Google Scholar] [CrossRef] [PubMed]

	



Du, W.; Zhou, J.; Liu, J.; Yang, X.; Wang, H.; He, M.; Mao, Z.; Liu, X. Social-Demographic Correlates of the Mental Health Conditions among the Chinese Elderly. Sustainability 2019, 11, 7114. [Google Scholar] [CrossRef]

	



Yu, S.; Liu, Y.; Cui, C.; Xia, B. Influence of Outdoor Living Environment on Elders’ Quality of Life in Old Residential Communities. Sustainability 2019, 11, 6638. [Google Scholar] [CrossRef]

	



Curl, A.; Mason, P. Neighbourhood perceptions and older adults’ wellbeing: Does walking explain the relationship in deprived urban communities? Transp. Res. Part A Policy Pract. 2019, 123, 119–129. [Google Scholar] [CrossRef]

	



Smith, A.R.; Chen, C.; Clarke, P.; Gallagher, N.A. Trajectories of Outdoor Mobility in Vulnerable Community-Dwelling Elderly: The Role of Individual and Environmental Factors. J. Aging Health 2016, 28, 796–811. [Google Scholar] [CrossRef] [PubMed]

	



Clarke, P.; Gallagher, N.A. Optimizing mobility in later life: The role of the urban built environment for older adults aging in place. J. Urban Health 2013, 90, 997–1009. [Google Scholar] [CrossRef]

	



Clarke, P.; Ailshire, J.A.; Bader, M.; Morenoff, J.D.; House, J.S. Mobility disability and the urban built environment. Am. J. Epidemiol. 2008, 168, 506–513. [Google Scholar] [CrossRef]

	



Tilley, S.; Neale, C.; Patuano, A.; Cinderby, S. Older people’s experiences of mobility and mood in an urban environment: A mixed methods approach using electroencephalography (EEG) and interviews. Int. J. Environ. Res. Public Health 2017, 14, 151. [Google Scholar] [CrossRef]

	



Rantakokko, M.; Iwarsson, S.; Vahaluoto, S.; Portegijs, E.; Viljanen, A.; Rantanen, T. Perceived environmental barriers to outdoor mobility and feelings of loneliness among community-dwelling older people. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2014, 69, 1562–1568. [Google Scholar] [CrossRef]

	



Ewing, R.; Handy, S. Measuring the unmeasurable: Urban design qualities related to walkability. J. Urban Des. 2009, 14, 65–84. [Google Scholar] [CrossRef]

	



Gascon, M.; Sánchez-Benavides, G.; Dadvand, P.; Martínez, D.; Gramunt, N.; Gotsens, X.; Cirach, M.; Vert, C.; Molinuevo, J.L.; Crous-Bou, M.; et al. Long-term exposure to residential green and blue spaces and anxiety and depression in adults: A cross-sectional study. Environ. Res. 2018, 162, 231–239. [Google Scholar] [CrossRef] [PubMed]

	



Li, D.; Sullivan, W.C. Impact of views to school landscapes on recovery from stress and mental fatigue. Landsc. Urban Plan. 2016, 148, 149–158. [Google Scholar] [CrossRef]

	



Triguero-Mas, M.; Donaire-Gonzalez, D.; Seto, E.; Valentín, A.; Martínez, D.; Smith, G.; Hurst, G.; Carrasco-Turigas, G.; Masterson, D.; van den Berg, M.; et al. Natural outdoor environments and mental health: Stress as a possible mechanism. Environ. Res. 2017, 159, 629–638. [Google Scholar] [CrossRef] [PubMed]

	



Pun, V.C.; Manjourides, J.; Suh, H.H. Association of neighborhood greenness with self-perceived stress, depression and anxiety symptoms in older U.S adults. Environ. Health A Glob. Access Sci. Source 2018, 17, 39. [Google Scholar] [CrossRef]

	



Hadavi, S. Direct and Indirect Effects of the Physical Aspects of the Environment on Mental Well-Being. Environ. Behav. 2017, 49, 1071–1104. [Google Scholar] [CrossRef]

	



Yung, E.H.K.; Wang, S.; Chau, C. kwan. Thermal perceptions of the elderly, use patterns and satisfaction with open space. Landsc. Urban Plan. 2019, 185, 44–60. [Google Scholar] [CrossRef]

	



Wiles, J.L.; Allen, R.E.S.; Palmer, A.J.; Hayman, K.J.; Keeling, S.; Kerse, N. Older people and their social spaces: A study of well-being and attachment to place in Aotearoa New Zealand. Soc. Sci. Med. 2009, 68, 664–671. [Google Scholar] [CrossRef]

	



Morita, A.; Takano, T.; Nakamura, K.; Kizuki, M.; Seino, K. Contribution of interaction with family, friends and neighbours, and sense of neighbourhood attachment to survival in senior citizens: 5-year follow-up study. Soc. Sci. Med. 2010, 70, 543–549. [Google Scholar] [CrossRef]

	



Kamalipour, H.; Yeganeh, A.J.; Alalhesabi, M. Predictors of Place Attachment in Urban Residential Environments: A Residential Complex Case Study. Procedia Soc. Behav. Sci. 2012, 35, 459–467. [Google Scholar] [CrossRef]












	1
	
Age (years)












[image: Sustainability 12 03933 g001 550] 





Figure 1. Potential association between mood status of the elderly and residential outdoor environments with different quality. 
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Figure 2. Three types of residential outdoor environments with different qualities. 
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Figure 3. (a) Assessments of residential outdoor environmental factors among the three types of residence; (b) Positive and negative mood effect among three types of residence. ** p < 0.01. 
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Table 1. Participant demographic characteristics (N = 403).
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Characteristic

	
Category

	
N (%)






	
Sex

	
Male

	
148 (36.7%)




	
Female

	
255 (63.4%)




	
Age (years)

	
60–69

	
160 (39.7%)




	
70–79

	
111 (27.5%)




	
≥80

	
132 (32.8%)




	
Education

	
High school or below

	
328 (81.4%)




	
Bachelor’s Degree

	
66 (16.4%)




	
Master’s degree

	
7 (1.7%)




	
Doctorate

	
2 (0.5%)




	
Occupation (before retirement)

	
Professional and technical personnel

	
117 (29.0%)




	
Business and service personnel

	
34 (8.4%)




	
Agricultural production personnel

	
72 (17.9%)




	
Production and transportation workers

	
90 (22.3%)




	
Others

	
90 (22.3%)
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Table 2. Summary of the independent categories in the regression models.
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	Categories
	Model 1
	Model 2
	Model 3
	Model 4





	Landscape quality
	√
	√
	√
	√



	Space form
	
	√
	
	√



	Microclimate environment
	
	
	√
	√
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Table 3. Reliability verification.
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	Types of Residential Outdoor Environment
	Items
	Construct Reliability (Cronbach’s α)





	High quality (HQ)
	39
	0.855



	Medium quality (MQ)
	39
	0.891



	Poor quality (PQ)
	39
	0.849
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Table 4. Spearman’s correlations between mood effect and the selected factors in regression models of three types of the residential outdoor environment.
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Categories

	
Factors

	
High Quality

	
Medium Quality

	
Poor Quality




	
PA

(positive affect)

	
NA

(negative affect)

	
PA

(positive affect)

	
NA

(negative affect)

	
PA

(positive affect)

	
NA

(negative affect)






	
Landscape quality

	
Cleanliness

	
0.427 *

	
−0.288 *

	
0.238 *

	
−0.070

	
0.214 **

	
−0.275 *




	
Function of the site

	
0.348 **

	
−0.192 *

	
0.135

	
−0.850

	
0.189 *

	
−0.098




	
Road pattern

	
0.297 **

	
−0.146

	
0.339 **

	
−0.135

	
0.200 *

	
−0.187 *




	
Accessibility

	
0.280 **

	
−0.054

	
0.257 **

	
−0.009

	
0.297 **

	
−0.166




	
Pavement

	
0.369 **

	
−0.240

	
0.361 **

	
0.020

	
0.330 **

	
−0.247 **




	
Greenness

	
0.268 **

	
−0.181 *

	
0.177

	
−0.040

	
0.116

	
−0.245 **




	
Facilities

	
0.169 *

	
−0.032

	
0.149

	
−0.071

	
0.296 **

	
−0.132




	
Building facade

	
0.297 **

	
−0.182 *

	
0.244 **

	
−0.086

	
0.369 **

	
−0.222 **




	
Spatial form

	
Spatial scale

	
0.398 **

	
−0.210 *

	
0.377 **

	
0.002

	
0.365 **

	
−0.293 **




	
Enclosure

	
0.357 **

	
−0.237 **

	
0.294 **

	
−0.010

	
0.196 *

	
−0.288 **




	
Transparency

	
0.224 **

	
−0.097

	
0.332 **

	
−0.090

	
0.411 **

	
−0.342 **




	
Microclimate environment

	
Temperature

	
0.264 **

	
−0.233 **

	
0.306 **

	
−0.173

	
0.385 **

	
−0.234 **




	
Humidity

	
0.236 **

	
−0.196 *

	
0.300 **

	
−0.105

	
0.259 **

	
−0.361 **




	
Wind environment

	
0.306 **

	
−0.238

	
0.257 **

	
−0.193 *

	
0.349 **

	
−0.271 **








* Coefficient is significant at the p < 0.05 level. ** Coefficient is significant at the p < 0.01 level.
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Table 5. Multiple regression results with positive affect (PA) as the dependent variable across each type of residential outdoor environment.






Table 5. Multiple regression results with positive affect (PA) as the dependent variable across each type of residential outdoor environment.





	
Categories

	
Factors

	
High-Quality

	
Medium-Quality

	
Poor-Quality




	
Model 1

	
Model 2

	
Model 3

	
Model 4

	
Model 1

	
Model 2

	
Model 3

	
Model 4

	
Model 1

	
Model 2

	
Model 3

	
Model 4






	
Landscape quality

	
Cleanliness

	
0.239 **

	
0.180 *

	
0.221 *

	
0.174

	
−0.060

	
−0.043

	
−0.118

	
−0.070

	
0.024

	
−0.012

	
−0.009

	
−0.027




	
Function of the site

	
0.186 *

	
0.175 *

	
0.182 *

	
0.177 *

	

	

	

	

	
−0.026

	
0.018

	
0.007

	
0.028




	
Road form

	
−0.003

	
−0.005

	
0.001

	
0.002

	
0.174

	
0.080

	
0.144

	
0.100

	
−0.047

	
−0.125

	
−0.092

	
−0.136




	
Accessibility

	
0.130

	
0.143

	
0.113

	
0.130

	
0.056

	
0.006

	
0.044

	
0.013

	
0.140

	
0.087

	
0.097

	
0.068




	
Pavement

	
0.119

	
0.116

	
0.096

	
0.098

	
0.234 *

	
0.225 *

	
0.246 *

	
0.233 *

	
0.101

	
0.085

	
0.081

	
0.076




	
Greenness

	
0.051

	
0.028

	
0.057

	
0.038

	

	

	

	

	

	

	

	




	
Facilities

	
−0.124

	
−0.156

	
−0.123

	
−0.152

	

	

	

	

	
0.167

	
0.168

	
0.204 *

	
0.195




	
Building facade

	
0.139

	
0.007

	
0.140

	
0.034

	
0.103

	
0.006

	
0.103

	
0.037

	
0.215 *

	
0.153

	
0.127

	
0.121




	
Space form

	
Spatial scales

	

	
0.101

	

	
0.089

	

	
0.139

	

	
0.136

	

	
0.157

	

	
0.099




	
Enclosure

	

	
0.156

	

	
0.141

	

	
0.017

	

	
0.008

	

	
−0.094

	

	
−0.107




	
Transparency

	

	
0.050

	

	
0.031

	

	
0.168

	

	
0.151

	

	
0.264 **

	

	
0.231 *




	
Microclimate environment

	
Temperature

	

	

	
0.037

	
0.015

	

	

	
−0.118

	
−0.134

	

	

	
0.093

	
0.072




	
Humidity

	

	

	
−0.101

	
−0.083

	

	

	
0.160

	
0.101

	

	

	
0.056

	
0.039




	
Wind environment

	

	

	
0.147

	
0.115

	

	

	
0.111

	
0.034

	

	

	
0.180

	
0.103




	

	
R2

	
0.283

	
0.312

	
0.302

	
0.323

	
0.173

	
0.221

	
0.200

	
0.230

	
0.191

	
0.279

	
0.249

	
0.297




	

	
Adj R2

	
0.242

	
0.257

	
0.246

	
0.252

	
0.137

	
0.163

	
0.142

	
0.150

	
0.147

	
0.221

	
0.189

	
0.222




	

	
Mean VIF

	
1.495

	
1.683

	
1.734

	
1.855

	
1.571

	
1.790

	
1.846

	
1.989

	
1.546

	
1.580

	
1.671

	
1.726








*p < 0.05. ** p < 0.01.
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Table 6. Multiple regression results with negative affect (NA) as the dependent variable across each type of residential outdoor environment.






Table 6. Multiple regression results with negative affect (NA) as the dependent variable across each type of residential outdoor environment.





	
Categories

	
Factors

	
High-quality (HQ)

	
Poor-quality (PQ)




	
Model 1

	
Model 2

	
Model 3

	
Model 4

	
Model 1

	
Model 2

	
Model 3

	
Model 4






	
Landscape quality

	
Cleanliness

	
−0.332 **

	
−0.312 **

	
−0.326 **

	
−0.309 **

	
−0.059

	
−0.031

	
−0.032

	
−0.024




	
Function of the site

	
−0.131

	
−0.126

	
−0.111

	
−0.106

	

	

	

	




	
Road form

	

	

	

	

	
0.016

	
0.070

	
0.038

	
0.050




	
Pavement

	

	

	

	

	
−0.010

	
0.064

	
−0.034

	
0.049




	
Greenness

	
−0.028

	
−0.026

	
−0.025

	
−0.025

	
−0.201 *

	
−0.157

	
−0.245 **

	
−0.199 *




	
Building facade

	
−0.111

	
−0.076

	
−0.089

	
−0.057

	
−0.124

	
0.000

	
−0.037

	
0.021




	
Space form

	
Spatial scales

	

	
0.000

	

	
0.007

	

	
−0.105

	

	
0.010




	
Enclosure

	

	
−0.075

	

	
−0.075

	

	
−0.183 *

	

	
−0.212 *




	
Transparency

	

	

	

	

	

	
−0.246 *

	

	
−0.281 **




	
Microclimate environment

	
Temperature

	

	

	
−0.041

	
−0.028

	

	

	
0.220 **

	
0.317 **




	
Humidity

	

	

	
−0.033

	
−0.044

	

	

	
−0.386 **

	
−0.396 **




	
Wind environment

	

	

	

	

	

	

	
−0.122

	
−0.036




	

	
R2

	
0.211

	
0.214

	
0.214

	
0.217

	
0.090

	
0.213

	
0.219

	
0.320




	

	
Adj R2

	
0.189

	
0.181

	
0.181

	
0.172

	
0.055

	
0.164

	
0.169

	
0.260




	

	
Mean VIF

	
1.291

	
1.537

	
1.766

	
1.848

	
1.399

	
1.480

	
1.550

	
1.643








* p < 0.05. ** p < 0.01.
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