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The association between perceived social and physical environment and mental 

health among older adults: mediating effects of loneliness. 

Abstract 

Objectives: Despite growing interest in the impact of physical and social environment 

on mental health, data are lacking on the potential mediating effects of loneliness. We 

examined it in the association of several social and physical environmental characteristics 

with mental health among older adults in three municipalities in Flanders (Belgium). 

Methods: A total of 869 people aged 60 and over were interviewed. Loneliness was 

assessed through the De Jong Gierveld short scales for emotional and social loneliness. 

Social participation and social cohesion were assessed following the Neighborhood scales 

whereas physical environment characteristics were selected from the Neighborhood 

Environment Walkability Scale. Mental health was assessed through subscale 

psychological frailty of the Comprehensive Frailty Assessment Instrument plus (CFAI-

plus). Linear regression models, including mediation analysis, were used to analyze the 

survey data. 

 Results: After adjusting for individual characteristics, physical and social environment 

factors were significantly related to mental health with the significant mediation of 

emotional and social loneliness. Percentages mediated by both dimensions together were 

61% for social cohesion, 43% for social participation, 35% for safety and 25% for 

mobility. Compared with social loneliness, emotional loneliness was a stronger mediating 

factor, particularly for mobility and safety. No significant associations between traffic 

density or basic service availability and mental health were found. 
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Discussion: Improving the social and physical environment might result in a reduction in 

the prevalence of loneliness and in consequent improvement of mental health among 

older adults. Special attention should be paid to different types of loneliness.  

Keywords: Built environment, social cohesion, mental health, loneliness, older adults, 

mediation analysis. 

Introduction 

Mental health has been defined as “a state of well-being in which every individual 

realizes his or her own potential, can cope with the normal stresses of life, can work 

productively and fruitfully, and is able to make a contribution to her or his community” 

(World Health Organization, 2016). Although mental health and mental disorders are two 

strongly linked factors, they do not entirely overlap and it is possible to be free of mental 

disorders while not having an optimal state of mental health (Keyes, 2002). Mental health 

and mental disorders are associated with high direct and indirect health care costs (Wykes 

et al., 2015), an increased risk of onset of a wide range of chronic physical conditions 

(Scott et al., 2016) and mortality from cardio-vascular, respiratory and other chronic 

diseases (Lawrence et al., 2010), as well as suicide (Brådvik, 2018). The WHO’s Mental 

Health Action Plan calls for a life course and multisectoral approach to protecting mental 

health and prevent mental disorders (World Health Organization, 2013). 

There is broad consensus in the scientific community on the impact of social, 

economic and environmental factors on mental health through dynamic processes of 

negative and positive influences that accumulate throughout the different life stages, 

influencing psychosocial, physiological and behavioral attributes (Allen et al., 2014; 

Lund et al., 2018). In recent decades, social and physical environment have been used in 

explaining mental health inequalities among older adults through concepts such as built 

environment for physical environment and social capital or social cohesion for social 
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environment (Forsman et al., 2012; Saarloos et al., 2011). Moreover, there is a growing 

body of knowledge concerning initiatives aimed at enhancing the age-friendliness of 

urban settings which are focusing on the social and physical environment in order to age 

well in later life such as the age-friendly Liverpool and age-friendly Ireland studies 

(Buckner et al., 2019; Age Friendly Ireland, n.d.)”. 

Social capital has been defined as the set of social resources inherent in 

community networks that can be measured according to the levels of interpersonal trust, 

reciprocity and mutual support, while social cohesion also includes the absence of a latent 

social conflict (Kawachi & Berkman, 2000). Thus, social capital and social cohesion are 

macro dimensions that must be distinguished from concepts like forms of social 

participation (such as talking with neighbors or staying informed about neighborhood 

issues), which are measured at the micro level (Kaspar et al., 2015). However, some 

researchers distinguish between individual—for micro dimensions--and structural—for 

macro dimensions—social capital (Ehsan & De Silva, 2015). In our study, we used macro 

(neighborhood social cohesion) and micro (individual social participation) measures. 

According to a systematic review, there is ample evidence that measures of social capital 

at the micro level act as a protective factor against the development of common mental 

disorders. However, this evidence is limited in the case of measures at the macro level 

(Ehsan & De Silva, 2015), in spite of several studies reporting that positive perceptions 

of social cohesion and social capital are strongly associated with the mental health of the 

general population (Modie-Moroka, 2009; Stafford et al., 2008) and of older adults 

(Forsman et al., 2012).  

Built environment is defined as “the human-made space in which people live, 

work and recreate on a day-to-day basis” (Roof & Oleru, 2008). Some evidence exists 

that built environment characteristics such as percentage of buildings without any 
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external wall problems, percentage of acceptably clean streets (Galea et al., 2005), greater 

land-use mix, availability of retail goods (Saarloos et al., 2011), perceptions of high safety 

(Stafford et al., 2007), high walkability (Berke et al., 2007), good access to parks and 

favorable neighborhood aesthetics (Beard et al., 2009) are associated with better mental 

health. However, systematic reviews have provided only limited support for built 

environment as a primary influence on older adults’ health and functioning (Yen et al., 

2009; Moore et al., 2018). 

The mechanisms that explain the associations between social and physical 

environmental factors and mental health remain unclear. Previous studies of the 

association between built physical environment and mental health have reported 

mediation factors such as personal control, socially supportive relationships, restoration 

from stress and fatigue (Evans, 2003), and behavioral factors like physical activity and 

eating habits (Diez Roux & Mair, 2010). In the field of social environment, the main 

mediation factors at the macro level are a rapid diffusion of health information, a great 

likelihood that health behaviors and norms are adopted, and fewer opportunities for 

negative health behaviors (Kawachi et al., 1999). At the micro level, most people living 

in high social capital areas do not suffer from social isolation or feelings of loneliness 

(Domènech-Abella et al., 2017b), which are closely related to mental health, particularly 

among older adults (Luanaigh & Lawlor, 2008; Yang & Victor, 2011).  

The association between physical environmental characteristics and loneliness has 

previously been reported too. For example, living in an apartment, length of residence in 

the neighbourhood, satisfaction with the neighbourhood and its facilities and the use of 

different transport modes (bicycle, car and public transport) are related to lower levels of 

loneliness among older adults (Van den Berg et al., 2016), whereas perceived 

environmental barriers contribute to loneliness by reducing autonomy in participation 



5 
 

outdoors (Rantakokko et al., 2014).  

However, few studies have examined loneliness as a mediating factor between 

these physical and social characteristics and mental health (Van den Berg et al., 2019). 

Loneliness has been defined as the unpleasant experience that occurs when a person’s 

network of social relations is perceived as deficient (Perlman & Peplau, 1981). Loneliness 

has been interpreted both as an unidimensional (Cacioppo et al., 2006) and as a 

multidimensional concept. Among the multidimensional conceptualizations, those 

proposed by Robert Weiss (1973) distinguish between emotional loneliness, stemming 

from the absence of a close emotional attachment, and social loneliness, stemming from 

the absence of an engaging social network. In a previous study using a unidimensional 

concept of loneliness, we found that loneliness linked to social network was more closely 

related to depression than loneliness linked to the absence of an intimate figure, 

suggesting the necessity of distinguishing between social loneliness and emotional 

(Domènech-Abella et al., 2017a). 

The aim of the present study was to analyze social and emotional loneliness as 

mediating factors in the association of social (social cohesion and social participation) 

and physical (basic services availability, traffic density, mobility and safety) 

environmental characteristics with mental health in a sample of older adults (aged 60 and 

over) living in three municipalities of Flanders. We tested the following hypothesis: (1) 

social and physical environment is related to mental health, (2) social loneliness and 

emotional loneliness have a mediating effect on that association, and (3) the effect of 

mediation is stronger in the case of social loneliness.     

Methods 

Study design 
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Data collected as part of the Detection, Support and Care for older people – 

Prevention and Empowerment (D-SCOPE) research project (2015–2018) were used 

(Lambotte et al., 2018). Older adults received an letter of invitation explaining the 

purpose of the study, the way in which the study was to be conducted and what was 

expected of participants. A trained volunteer or a researcher contacted them in person and 

informed them face to face about the study. Participants also received the informed 

consent form and a letter from their general practitioner explaining the D-SCOPE frailty 

program. Respondents had the opportunity to ask questions if anything remained unclear. 

The baseline assessment was carried out from June 2017 to October 2017 in three 

municipalities in Flanders (Belgium): Knokke-Heist, Ghent and Tienen. Eight-hundred 

and sixty-nine people aged 60 years and above, living independent at home, with at least 

one sociodemographic or socioeconomic risk factor for frailty (Dury et al., 2017), and 

randomly selected from the records in each municipality, answered the face-to-face 

questionnaire. 

Ethics 

D-Scope protocol was reviewed and approved by the medical ethics committee of the 

Vrije Universiteit Brussel, Brussels, Belgium (reference number: B.U.N. 

143,201,630,458). Prior to the baseline assessment written consent was obtained from all 

participants. 

Measures 

Variables of interest 

In accordance with the psychological subscale of the comprehensive frailty 

assessment instrument (De Roeck et al., 2018), mental health was measured based on 

whether a respondent agreed with the following five statements considering the few 

weeks prior to the interview: (1) I feel unhappy and depressed, (2) I feel like I’m losing 
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my self-confidence, (3) I feel like I can’t cope with problems, (4) I feel under constant 

pressure, and (5) I feel like I’m not worth anything anymore. A 4-point Likert scale was 

used to measure each response (1 = not at all, 2 = no more than usual, 3 = more than usual, 

4 = considerably more than usual). Mental health scales were scored by totaling the item 

responses. A higher score represented lower mental health defined as general mood or 

affect, including depression, anxiety, health and psychological well-being during the 

previous few weeks. 

The social environment was addressed through social participation (at the micro 

level) and perceived social cohesion (at the macro level). Social participation was 

measured by two items about whether participants (1) talked to neighbors and (2) kept 

informed about neighborhood affairs (Kaspar et al., 2015); social cohesion was measured 

by 3 items from the social cohesion dimension of the Neighborhood Scale about whether 

people in the participants’ neighborhood (1) were willing to help each other, (2) usually 

got along and (3) were trusted (Mujahid et al., 2007). In all cases, a 5-point Likert scale, 

in which “1” means completely disagree and “5” means “completely agree” was used to 

measure each response. Social environment scales were scored by totaling the item 

responses and dividing the total by the number of items. A higher score represents more 

social participation or greater social cohesion. The scales showed an acceptable reliability 

(Peterson, 1994) with Cronbach’s alpha of 0.704 and 0,799, respectively 

The physical environment was assessed from 4 items of the Neighborhood 

Environment Walkability Scale (Cerin et al., 2006) which were used separately in the 

analyses. Participants were asked to agree or disagree with the following: (1) “There are 

sufficient basic services such as a grocery store, bakery and pharmacist,” (2) “There is 

too much traffic,” (3) “I can move easy by bike or foot in the neighborhood,” and (4) “I 

live in a safe neighborhood.” In all cases a 5-point Likert scale, in which “1” means 
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completely disagree and “5” means “completely agree”, was used to measure each 

response. 

Social loneliness and emotional loneliness were measured through the short 

version of the De Jong Gierveld scale (De Jong Gierveld & Van Tilburg, 2006). Social 

loneliness items were (1) “I experience a general sense of emptiness,” (2) “I miss having 

people around me,” and (3) “I often feel rejected;” emotional loneliness items were: (1) 

“There are plenty of people I can rely on when I have problems,” (2) “I know many people 

whom I can trust completely,” and (3) “There are enough people I feel close to.” Response 

categories were dichotomized. In the case of social loneliness, these were 1= “I neither 

agree nor disagree”, “I agree” or “I completely agree”, and 0 = “I completely disagree” 

or “I completely agree”. Emotional loneliness responses were dichotomized in opposite 

order. Social and emotional loneliness scales were scored by totaling the dichotomized 

item responses. A higher score represents greater loneliness in both cases. The sum of 

both loneliness dimensions gave the total loneliness. 

Confounding variables 

In studies about social conditions of mental health, neighbourhood level effects 

are those that remain even after controlling for individual levels of socioeconomic 

deprivation and other exposures (Lund et al., 2018). Therefore, we selected as 

confounding variables those individual factors frequently related to mental health among 

older adults, such as sex, age, education, marital status, and physical functioning (Allen 

et al., 2014). Education was categorized as “Primary or less”, “Lower secondary”, 

“Higher secondary” and “Tertiary”; Marital status was “Married or cohabitating”, “Never 

married”, “Divorced” or “Widowed”.  

In accordance with the physical subscale of the comprehensive frailty assessment 

instrument (De Roeck et al., 2018), physical functioning was measured by whether 
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respondents had found the following activities to be hampered by their state of health: 

(1) Less demanding activities like carrying shopping bags, (2) Walking up a hill or some 

stairs, (3) Bending or lifting, and (4) going for a walk. A 3-point Likert scale was used to 

measure each response (1 = Not at all, 2 = 3 months or less, and 3 = More than 3 months). 

Physical functioning scales were scored by totaling the item responses. A higher score 

represented lower physical functioning. The scale showed an acceptable reliability 

(Peterson, 1994) with Cronbach’s alpha of 0.825. 

Statistical analysis 

Descriptive analyses were conducted to characterize the study sample. These 

analyses included frequencies and proportions for categorical variables (sex, education 

and marital status), and mean with standard error (SE) for continuous variables (age, 

loneliness scales, mental health, physical functioning, social environment scales and 

characteristics of physical environment scales). The factors associated with mental health 

were analyzed through bivariate linear regression models. Beta coefficient with 95% 

confidence interval and p-values were reported. 

Multivariate logistic regression models were run to explore the associations of 

social environment scales (social cohesion and social participation) and physical 

environment characteristics (basic services availability, traffic density, mobility and 

safety) with mental health adjusted for confounding factors (age, sex, marital status, 

education level and physical functioning). From these models, mental health means were 

also calculated stratifying by level of each social and physical environmental 

characteristic (1, 3 and 5 in each case) and adjusting for confounding factors in mean 

values. Means with 95% confidence interval of mental health and linear regression model 

p-values were reported.     



10 
 

To assess the possible mediation of social and emotional loneliness in the 

association between each social and physical environmental characteristic and mental 

health, mediational analysis was performed through Stata version 13.1. This breaks down 

the total effect of a variable into direct and indirect (i.e., mediational) effects. This method 

also allows for the disentangling of the effect of each mediating factor, and for the 

calculation of the mediated percentage, which represents the percentage of the main 

association that can be explained by the mediator. The mediated percentage was only 

considered significant when both the total and the indirect effects were significant. 

Models were adjusted for confounding factors. Beta coefficients with 50% confidence 

interval and p-value for direct, indirect and total effects in each case were displayed. 

Percentage of indirect effect was also displayed for overall loneliness and disentangled 

by social and emotional loneliness. 

Results 

The socio-demographic characteristics of the study sample are illustrated in Table 

1. A total of 869 participants aged ≥60 years were included in the analysis. Mean age was 

75.24 years (SE=0.27) and 49.37% of the sample was female. Several factors associated 

with lower levels of mental health were identified in the bivariate linear regression 

models. These factors were being female, previously married, with primary education or 

lower, feeling lonely, with limited physical functioning, reporting low social participation 

and living in areas with low social cohesion, poor access to basic services, dense traffic, 

low mobility and lack of safety. 

In the multivariable linear regression analysis (Table 2), reporting low social 

participation and living in areas with low social cohesion, dense traffic, low mobility and 

lack of safety remained as significantly related to a lower level of mental health even after 

controlling for confounding variables (sex, age, education, marital status, and physical 
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functioning). According to the means stratified by physical and social environment 

characteristics, the mental health of the population could improve up to 12.5% depending 

on mobility, 11% depending on social cohesion, 8.5% depending on social participation, 

and 5.5% depending on safety. 

The results of the hypothesized mediation analyses (see Figure 1) are shown in 

Table 3. Loneliness significantly mediated the association of mobility, social cohesion, 

social participation and safety with mental health. The percentages of mediation were 

25.4% for mobility, 61.4% for social cohesion, 43.3% for social participation and 34.5% 

for safety. These percentages were mainly due to emotional loneliness, and the mediation 

effect of social loneliness was clearly less, particularly among physical environment 

attributes (22.2% vs. 3.2% for mobility and 26.9% vs. 7.7% for safety) compared with 

social environment attributes (45.6% vs. 25.8% for social cohesion, 25.4% vs. 17.9% for 

social participation).  

Discussion 

To the best of our knowledge, this is the first study to examine the mediating role 

of loneliness in the association of several physical and social environmental attributes and 

mental health. First, we found that higher levels of mobility, safety, social cohesion and 

social participation were significantly related to higher levels of mental health among 

older adults; the effect remained as statistically significant even after controlling for 

individual factors such as sex, age, marital status, education level and physical 

functioning. Second, the association between physical and social environmental attributes 

were significantly mediated by loneliness, particularly by emotional loneliness compared 

with social loneliness. That stronger effect of emotional loneliness was particularly robust 

for mobility and safety.  
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Just as we found, mobility (Berke et al., 2007), safety (Stafford et al., 2007), social 

cohesion (Forsman et al., 2012) and social participation (Kawachi & Berkman, 2001) 

were found in previous research to be related to mental health in. Several pathways have 

been proposed to explain these associations: a rapid diffusion of health information and 

a greater likelihood that health behaviours and norms are adopted, linking social cohesion 

with mental health (Kawachi et al., 1999); social participation facilitated by social 

cohesion and contributing to health by providing a sense of meaning in people’s lives as 

well as increasing access to social support (Kawachi & Berkman, 2001); mobility 

facilitating physical activity and perhaps also related to social connectedness through 

such mechanisms as increased density and opportunities for traveling to destinations close 

to home (Berke et al., 2007); and neighborhood insecurity related to crime, which may be 

particularly harmful to older adults, increasing feelings of vulnerability or fear and 

psychological stress, and decreasing social and physical activities in the neighborhood 

(Won et al., 2016).  

In line with previous researchers, we found that physical and social environment 

are related to loneliness (Rantakokko et al., 2014; Van den Berg et al., 2016). This 

association may be due to the fact that environmental characteristics are important for 

older people’s participation in out-of-home activities and have an impact on their 

opportunities for socialization (Theis & Furner, 2011). The main result is the mediating 

role of loneliness in the association between social and physical environment and mental 

health, which is consistent with these studies that propose distinct forms of social 

connectedness linking physical and social environment characteristics and mental health. 

However, few studies have reported the mediating effect of loneliness. Among these few, 

a recent study proposed loneliness as a mediating factor in the association of time spent 

visiting green space and mental health (Van den Berg et al., 2019).  
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In contrast to our expectations, emotional loneliness was the main mediator rather 

than social loneliness. Our expectations were based on a previous study showing that 

loneliness was significantly related to social network size among older adults with major 

depressive disorder whereas it was related to marital status among individuals without 

major depressive disorder (Domènech-Abella et al., 2017a). However, the fact that we 

were analyzing mental health and not major depressive disorder could explain our results, 

since according to Weiss (1973), the subjective experiences of social and emotional 

solitude are qualitatively different: social loneliness causes feelings of boredom and 

depression, while emotional loneliness is linked to anxiety and feelings of isolation. 

Therefore, the association of both loneliness dimensions with mental health would depend 

on the measure used. 

The fact that the associations were adjusted for educational level and marital 

status, which have been linked to emotional loneliness and mental health in several 

studies (Allen et al., 2014; Dury et al., 2017; Domènech-Abella et al., 2017a), indicates 

that our findings cannot be explained by socio-demographic and socio-economic 

inequalities of the different areas. According to our results, the social and physical 

environment can have an independent effect on mental health, much of which is explained 

by the mediation of emotional loneliness. 

However, no significant association was found between access to basic services 

and traffic density, and mental health, which lends support to the idea of a weaker 

relationship between some characteristics of physical environment and psychological 

well-being. This is partially coincident with a systematic review which proposed 

consistent associations of depression with noise, pollution and lack of green areas, but no 

consistent association in relation to walkability and availability of services (Rautio et al., 

2018).  
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Our results suggest that improve neighborhood physical characteristics such as 

mobility and safety could result in a decrease in loneliness and a subsequent increase in 

the mental health level of older adults. Interventions for promoting social capital in order 

to reduce loneliness and improve social participation and health have previously been 

tested with significant results (Coll-Planas et al., 2015). However, there are doubts among 

the architects of the social capital concept regarding the possibility of building social 

capital in places where it is lacking (Putnam et al., 1993). Therefore, preserving social 

capital in areas with the requisite structural characteristics is more feasible.  

Strengths and limitations of the study 

The strengths of our study include the use a sample of older adults from a variety 

of socio-economic backgrounds, the use of validated indicators and the ability to control 

for confounding factors. However, several limitations should be kept in mind. First, the 

cross-sectional design limited the possibility of examining causal relationships. Second, 

variables were collected retrospectively through self-reporting, which may result in recall 

or reporting bias. Finally, the sample was selected at random among older adults with at 

least one sociodemographic or socioeconomic risk factor for frailty, and therefore 

selection bias may have an effect on our results, which could have been different using 

other selection criteria. However, most of those criteria were used as confounding factors 

in the regression models and the present study contributes to a better understanding of the 

mediating effect of loneliness in the association between physical and social environment 

and mental health. Future studies should test our findings among general populations of 

older adults through longitudinal data. 

Conclusion 

Our findings bring improved understanding of the association between physical 

and social environment in mental health as well as the role of loneliness in that 
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association. Loneliness significantly mediated the association between social cohesion, 

social participation, safety and mobility with mental health; the percentage mediated was 

61.4%, 43.3%, 34.5% and 25.4%, respectively. No significant associations were found 

between access to basic services, traffic density and mental health. Our results suggest a 

need for policies designed to improve mobility and safety, promote social participation 

and create or preserve social capital in order to reduce feelings of loneliness and improve 

community mental health among older adults. Future studies with longitudinal data 

should be carried out to reinforce these findings. 
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Table 1. Characteristics of the study sample and factors related to mental health. 
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Characteristic (n=869) Mean (SE) [n (%)] 
Mental health 

B (95% CI) 

Sex [n (%)]   

Male  [440 (50.63)] Ref. 

Female [429 (49.37)] 0.90 (0.47, 1.35)*** 

Age 75.24 (0.27) 0.02 (-0.00, 0.05) 

Education [n (%)]   

Primary or less [69 (8.00)] Ref. 

Lower secondary [257 (29.78)] -0.38 (-1.24, -0.48) 

Higher secondary  [320 (37.08)] -0.90 (-1.74, -0.06)* 

Tertiary [217 (25.14)] -1.47 (-2.35, -0.60)** 

Marital status [n (%)]   

Married or cohabitating [335 (38.55)] Ref. 

Never married [59 (6.79)] -0.17 (-1.07, 0.73) 

Divorced [167 (19.22)] 1.07 (0.47, 1.68)** 

Widowed [308 (35.44)] 0.64 (0.13, 1.14)* 

Physical functioning (0-4) 1.38 (0.05) 0.79 (0.65, 0.92)*** 

Mental health (5-25) 7.32 (0.11) - 

Loneliness (0-3)   

Emotional 0.55 (0.03) 1.88 (1.68, 2.09)*** 

Social 0.72 (0.04) 0.71 (0.51, 0.91)*** 

Social environment (1-5)   

Social cohesion 3.81 (0.03) -0.80 (-1.03, -0.56)*** 

Social participation 3.30 (0.04) -0.57 (-0.75, -0.38)*** 

Physical environment (1-5)   

Basic services availability 3.91 (0.05) -0.27 (-0.43, -0.11)** 

Traffic density 2.65 (0.05) -0.06 (-0.08, 0.21)  

Mobility 4.07 (0.04) -0.91 (-1.08, -0.74)*** 

Safety 4.05 (0.04) -0.38 (-0.58, -0.17)*** 

*p<0.05, **<0.01, ***<0.001; n=frequency, SE=standard error, B=beta coefficient, CI=confidence 

interval 

 

 

 

 

 

Table 2. Adjusted values for mental health according to BE markers. 



24 
 

 

Characteristic (1-5) 

Mental health. Mean (95% CI)  

p-value Level=1 Level=3 Level=5 

Social cohesion 8.8 (8.2, 9.5) 7.8 (7.5, 8.0) 6.6 (6.3, 7.0) <0.001 

Social participation 8.3 (7.8, 8.7) 7.4 (7.2, 7.6) 6.6 (6.3, 7.0) <0.001 

Basic services availability 7.7 (7.2, 8.2) 7.4 (7.2, 7.7) 7.1 (6.9, 7.4) 0.081 

Traffic density 7.3 (7.0, 7.6) 7.3 (7.1, 7.5) 7.3 (6.9, 7.7) 0.910 

Mobility 9.2 (8.6, 9.8) 7.9 (7.7, 8.2) 6.7 (6.5, 7.0) <0.001 

Safety 8.1 (7.5, 8.7) 7.6 (7.3, 7.9) 7.0 (6.8, 7.3) <0.001 

Means obtained from linear regression models.,adjusted for age, sex, marital status, physical functioning 

and education level at mean values. Means with 95% confidence interval (CI) and p-value from linear 

regression models are displayed. Level refers to each physical and social environment characteristic. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25 
 

 

 

 

 

 

 

Figure 1. Hypothetical mediation models. 

 

Table 3. Multivariate regression models of BE factors related to mental health with 

loneliness (disentangled by emotional and social) as mediating factor (KHB method) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
CI: confidence interval. Results in bold are statistically significant (p<0.05). All models were adjusted for 

age, sex, marital status, physical functioning and education level. Mediation analysis was only performed 

when the total effect was significant.  

 

Environment markers Coefficient (95% CI) % Mediated 

Social cohesion   
Total  -0.57 (-0.77, -0.38)  
Direct -0.23 (-0.43, -0.02)  

Indirect  

Loneliness -0.35 (-0.40, -0.23)  61.4% 
(Emotional) -0.26 (-0.37, -0.15) (45.6%) 
(Social) -0.09 (-0.14, -0.04) (15.8%) 

Social participation   
Total  -0.41 (-0.59, -0.23)  
Direct -0.23 (-0.31, 0.05)  

Indirect  

Loneliness -0.18 (-0.38, -0.17)  43.3% 
(Emotional) -0.10 (-0.30, -0.12) (25.4%) 
(Social) -0.07 (-0.11, -0.03) (17.9%) 

Mobility   
Total   -0.63 (-0.80, -0.46)  
Direct  -0.47 (-0.64, -0.30)  

Indirect  

Loneliness -0.16 (-0.25, -0.07) 25.4% 
(Emotional) -0.14 (-0.22, -0.06) (22.2%) 
(Social) -0.02 (-0.05, 0.00) (3.2%) 

Safety   
Total   -0.26 (-0.43, -0.09)  
Direct  -0.17 (-0.34, -0.00)  

Indirect  

Loneliness -0.09 (-0.19, -0.00) 34.6% 
(Emotional) -0.07 (-0.14, -0.00) (26.9%) 
(Social) -0.02 (-0.05, 0.00)  (7.7%) 

Social and physical 

environment markers 

Loneliness: 

-social 

-emotional 

 

Mental health 


