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ABSTRACT  

Neighbourhood crime likely increases the risk of developing depression among older adults. 

However, little is known about the underlying behavioural and social pathways. We examined 

the association between perceived neighbourhood crime and depressive symptoms and whether 

this relationship was mediated by health behaviours (physical activity, smoking, and alcohol 

consumption) and social participation. Furthermore, we explored differential vulnerability 

across age, gender, education and household wealth. Data were drawn from six waves of 

longitudinal data (from 2004/2005 to 2017) of approximately 15000 adults aged 50 years and 

older, derived from the multi-national Survey of Health, Ageing and Retirement in Europe. 

Perceived neighbourhood crime and covariates were measured at baseline, time-variant 

mediators and depressive symptoms across all waves. Confounder-adjusted mediator and 

outcome models were fitted with mixed-effects models. Total association was decomposed into 

direct and indirect pathways applying causal mediation analyses with Monte-Carlo 

simulations. Perceived crime was associated with higher risk of depressive symptoms; 4.6% of 

the effect was mediated via lower engagement in social activities (b=0.005; 95% CI: 0.001-

0.009). No mediation was detected through physical activity, smoking or alcohol consumption. 

Exploratory analyses revealed that the mediating role of social participation was more 

pronounced among participants with low household wealth (b=0.012; 95% CI: 0.004-0.023; 

7.3% mediated). Lower engagement in social activities partly explained the association 

between perceived neighbourhood crime and depressive symptoms in adults aged 50 years or 

older. Policies targeting disadvantaged communities to prevent crime and support social 

participation might be beneficial for population mental health, especially among financially 

vulnerable older residents.  
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INTRODUCTION  

Depression is a common cause of disability and emotional suffering in late adulthood,1,2 

impacting the life of approximately 30% of Europeans aged 65 and older.3 Depression is 

associated with lower quality of life,4 higher risk of morbidity and mortality.2,5 As the number 

of older people is expected to double globally by 2050 due to population growth and ageing,6 

the disease burden of depression presents a major public health challenge with implications for 

welfare costs and health-care expenditures.7 Identifying modifiable risk factors to support 

healthy ageing is warranted. 

Emerging evidence suggests neighbourhood features are modifiable predictors of depression.8-

10 In comparison to earlier ages, the daily routine of ageing adults tends to centre around their 

residential environment, where they spend the majority of their time.11 This declining mobility 

is partly explained by age-related changes in life, including retirement, loss of friends and 

family, functional limitations, and decline in health and cognition.8,11 Greater exposure to poor 

neighbourhood conditions may interact with individual vulnerability accumulating over the life 

course,12 reducing coping resources and leading to stronger neighbourhood effects.11 

Perceived and objective crime in the residential area are key contextual determinants of 

depression as indicated by a recent systematic review.10 In addition to the impact of individual 

exposure,13 which encompasses victimisation and witnessing crime and violence, 

neighbourhood crime is an ecological stressor with implications for mental health beyond 

personal experiences.14 Living in an area perceived as dangerous or unsafe may amplify the 

threat of victimisation and fear of crime, and lead to elevated stress levels affecting health and 

wellbeing through activated physiological response.15  

In addition to a stress pathway, behavioural pathways may also co-exist. Health-related 

behaviour and social participation are likely altered by the social environment: research 

indicates that older adults living in unsafe areas report lower physical activity,16 more 

loneliness,17 and there is evidence for elevated risk of smoking and alcohol-related problems 

in deprived neighbourhoods.18 Health behaviours, including physical inactivity, smoking and 

substance abuse, are known risk factors for depression,19-21 while engaging in social activities 

may support mental health.22 Therefore, it is plausible that over and above the established 

psychological response, neighbourhood crime influences mental health through behavioural 

response, due to avoidance behaviour and maladaptive coping strategies.14 Unhealthy lifestyle 

and lower social participation are plausible mediators of crime effects; however, the only 
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evidence to date comes from a small number of cross-sectional studies17,23,24 prone to reverse 

causation. 

The aim of this study was to explore the association between perceived neighbourhood crime 

and depressive symptoms among adults aged 50 and older utilizing longitudinal data (Fig. 1A), 

and to investigate whether this relationship was mediated by health behaviours (physical 

activity, smoking, alcohol consumption) and social participation (Fig. 1B). In addition, as little 

is known whether sociodemographic factors may modify the association between perceived 

neighbourhood crime and depressive symptoms,10 we explored moderated mediation by age, 

gender, education and household wealth (Fig. 1C).  
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Fig. 1. Illustration of the theoretical model, presenting overall association (A), mediating 

pathways (B) and moderated mediation (C). ab: indirect effect; c’: direct effect; c: total effect. 
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METHODS 

Sample 

Longitudinal data were drawn from the Survey of Health, Ageing and Retirement in Europe 

(SHARE), a biannual panel survey of adults aged 50+ years and their partners regardless of 

age.25 Data on health, social and economic dimensions of ageing were collected across several 

European countries and Israel. We included all relevant SHARE waves in the analysis: wave 1 

(2004/05), wave 2 (2006/07), wave 4 (2010/11), wave 5 (2013), wave 6 (2015), and wave 7 

(2017); as wave 3 concentrates on retrospective life histories, it was excluded from our 

investigation. The SHARE study was approved by the relevant research ethics committees in 

the participating countries, and all participants provided written informed consent. 

Community dwelling participants were included in the analytical sample with valid responses 

on exposure during either wave 1 or wave 2, and were followed up if they provided at least one 

measurement of mediators and outcome during waves 4-7. SHARE is a multinational survey 

with new countries being regularly added to the sample. To increase the analytical sample size 

we considered exposure from both waves where it was measured (1 and 2), extracted for each 

participants the latest available information, and defined the respective wave as baseline.12 

Individuals residing in nursing homes or aged >95 or <50 years old were excluded due to higher 

risk of deteriorated health and being non-representative of the target population. To account 

for residential mobility, we excluded participants if they moved between baseline and follow-

up; moving during follow-up led to censoring of all subsequent observations12 (Fig. 2). To 

mitigate concerns of reverse causation, time-invariant exposure and covariates were derived 

from baseline (i.e. wave 1 or wave 2), time-variant mediators and outcome from all follow-up 

waves. Furthermore, we controlled for baseline levels of mediators and outcome providing a 

robust approach to causal mediation, whereby changes in mediators conditioned on exposure 

lead to change in depressive symptoms (Table A.1). 
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Fig. 2. Flowchart indicating sample selection with reasons for exclusion 
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Measures 

Exposure: Perceived neighbourhood crime 

Household respondents in waves 1 and 2 – but not their partners – were asked whether the area 

immediately surrounding their accommodation suffers from vandalism and crime (yes, no); 

latest available information defined the baseline wave of this study.  

Outcome: Depressive symptoms 

Depressive symptoms were measured at baseline and across all follow-up waves using the 

EURO-D scale; an indicator of late-life depression with adequate internal consistency and 

validity.26,27 The instrument consists of 12 items capturing the presence or absence of 

depression, pessimism, wishing death, guilt, sleep, interest, irritability, appetite, fatigue, 

concentration, enjoyment and tearfulness in the preceding month of the interview. After 

summing up item responses, the score ranged between 0 and 12, with higher values indicating 

more symptoms. 

Mediators: health behaviours and social participation 

Physical activity was captured as engaging in activities requiring low, moderate or vigorous 

level of energy. We derived information from two items, measuring the frequency of activities 

requiring “low or moderate level of energy such as gardening, cleaning the car, or doing a 

walk” and of “vigorous physical activity, such as sports, heavy housework, or a job that 

involves physical labour” on 4-point scales (1-more than once a week; 2-once a week; 3-one 

to three times a month; 4-hardly ever or never). First, single items were dichotomised as ‘1’ if 

being active more than once a week, and ‘0’ if less often or never.28 Then, we merged responses 

into an overall physical activity variable, with being physically active at either low-to-moderate 

or vigorous level (or both), or being physically inactive.  

Smoking was measured whether respondent was a current smoker at the time of interview. 

Frequency of alcohol consumption in the past 3 months (past 6 months at wave 1) was assessed 

with how often the respondent drunk “any alcoholic beverages, like beer, cider, wine, spirits 

or cocktails.” We grouped frequencies into consuming alcohol at least 5 times a week versus 

less often or not at all. 

Social participation was measured as engagement in at least one out of four social activities: 1) 

voluntary or charity work; 2) educational or training course; 3) sport, social or other kind of 
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club; 4) political or community organization. Participants were asked whether they engaged in 

the listed activities, and if so, how often they did so in the past month (waves 1-2) or in the past 

12 months (waves 4-7). We computed comparable indicators across waves by assigning ‘1’ if 

activity took place at least once a month, and ‘0’ for less frequent or no participation. Finally, 

we merge items into a combined measure of social participation,22 with engaging in at least 

one activity a month, versus less frequent or no engagement.  

Physical activity and social participation were measured at baseline and across all follow-up 

waves; consistent information on smoking and alcohol consumption only until wave 5. 

Although we carried forward the last non-missing value for smoking and alcohol consumption 

for waves 6 and 7, due to participants with first recorded follow-up in waves 6 or 7, the sample 

size for these mediators was somewhat reduced. 

Covariates 

Variables, hypothesised to confound the exposure-mediator, mediator-outcome and exposure-

outcome relationships, were identified using directed acyclic graphs and derived from the 

baseline wave (Fig. A.1). Sociodemographic variables included age, gender, highest 

educational attainment based on the International Standard Classification of Educational 

Degrees (primary, secondary, tertiary), economic activity (employed, unemployed, retired, out 

of labour force), and tertiles of household equalised net wealth. The latter variable was 

computed by subtracting all debt from the household non-pension net wealth, dividing the 

value by the square root of benefiting household members, and splitting values into country-

specific tertiles.9 We included country of interview, follow-up wave, residential area (urban, 

rural) and whether participants were in partnership (married/cohabiting, alone). Cognitive 

functioning was measured with three tests: immediate recall (number of words out of 10 that 

the participants could recall after the interviewer read them), delayed recall (number of words 

recalled from the same list after 5-10 minutes) and verbal fluency (number of named animals 

within 60 seconds).28,29 Finally, physician diagnosed chronic diseases or conditions indicated 

the presence of at least 2 out of 7 conditions (arthritis, cancer, cardiovascular disease, diabetes, 

high blood pressure, lung disease, stroke), while having at least one functional limitation was 

combined from Activities of Daily Living and Instrumental Activities of Daily Living.30 

Statistical analyses 

To decompose the overall association between perceived neighbourhood crime and depressive 

symptoms into direct and indirect effects, we conducted mediation analyses based on the 
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counterfactual framework using the mediation package in R.31 Model-based causal mediation 

analyses were performed in three steps. First, we fitted a mediator model for the conditional 

distribution of mediator given exposure and covariates; using two-level generalised linear 

mixed-effects models with logit links (i.e. repeated measurements of mediator nested within 

individuals). A second model was fitted for the conditional distribution of outcome given 

exposure, mediator and covariates; using two-level linear mixed-effects models (i.e. repeated 

measures of mediators and outcome nested within individuals). Finally, direct and indirect 

effects (and their confidence intervals [CI]) were estimated using quasi-Bayesian Monte Carlo 

simulations,31 based on previously fitted mediator and outcome models. We chose 1300 

simulations as smaller numbers did not produced precise CIs. Percentage mediated was 

calculated as the percentage of total effect explained by the mediator. Mediation analyses were 

conducted separately for each mediator, controlling in both mediator and outcome models for 

the same set of covariates.  

We explored moderated mediation by age, gender, educational attainment and household 

wealth through altering the mediator and outcome models by including interaction terms with 

respect of exposure and mediators. After input models were fitted, mediation function was 

executed for each level of moderator.31 Moderated mediation was identified based on 

interaction terms in outcome and mediator models, findings were visualised in plots, presenting 

total, direct and indirect effects. 

Four sensitivity analyses were carried out. First, instead of the combined variables of physical 

activity and social participation, we rerun models with each specific activities separately. 

Second, to account for alternative pathways and likely uncontrolled confounding (e.g. due to 

correlation between mediators), we performed main analyses by simultaneously adjusting for 

all four mediators at baseline. Third, as mediators and outcome were measured concurrently 

for those with one follow-up wave, we rerun models after building in a one-wave (2-year) time 

lag to ensure temporal separation and further mitigate risk of reverse causation. Finally, instead 

of controlling for baseline depression, we excluded participants from the analytical dataset with 

≥4 symptoms at baseline, an established cut-off score for clinically significant levels of 

depressive symptoms.27 

RESULTS 

The analytical sample for physical activity and social participation comprised 15624 

individuals with 37612 follow-up observations across 13 countries (Belgium, Czech Republic, 
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Denmark, France, Germany, Greece, Israel, Italy, Netherlands, Poland, Spain, Sweden, and 

Switzerland). The mean age at baseline was 63 years, and 56% of the sample was female. 

Approximately 15% of the sample reported living in an area suffering from vandalism and 

crime (Table 1; Sample A). The analytical sample for smoking and alcohol consumption was 

slightly smaller (n=13791; observations=34730), but with variable distribution comparable to 

the physical activity and social participation sample (Table 1; Sample B). Participants in our 

analyses were on average younger, healthier and had higher socioeconomic status in 

comparison to excluded respondents (Table A2).
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Table 1. Perceived neighbourhood crime by sample characteristics at baseline 

Variables Sample A: physical activity, social participation 

(n=15624) 

Sample B: current smoking, alcohol use 

(n=13791) 

No crime reported 

(n=13326) 

Crime reported 

(n=2298) 

No crime reported 

(n=11739) 

Crime reported 

(n=2052) 

Age, mean (SD) 63.3 (9.0) 63.3 (8.9) 63.6 (9.0) 63.6 (9.0) 

Gender, n (%)     

 male 5895 (85.8%) 972 (14.2%) 5197 (85.9%) 855 (14.1%) 

 female 7431 (84.9%) 1326 (15.1%) 6542 (84.5%) 1197 (15.5%) 

Tertile of equalized household net wealth, n (%)     

 low 3582 (81.3%) 825 (18.7%) 3082 (80.9%) 726 (19.1%) 

 medium 4559 (85.8%) 756 (14.2%) 4030 (85.6%) 677 (14.4%) 

 high 5185 (87.9%) 717 (12.1%) 4627 (87.7%) 649 (12.3%) 

Highest educational attainment, n (%)     

 primary or lower (ISCED levels 0 and 1) 3753 (84.2%) 703 (15.8%) 3070 (83.4%) 612 (16.6%) 

 secondary (ISCED levels 2–4) 6706 (85.0%) 1187 (15.0%) 6061 (84.9%) 1076 (15.1%) 

 tertiary (ISCED levels 5 and 6) 2867 (87.5%) 408 (12.5%) 2608 (87.8%) 364 (12.2%) 

Economic activity, n (%)     

 employed 4306 (87.0%) 642 (13.0%) 3759 (87.3%) 548 (12.7%) 

 retired 6382 (84.8%) 1143 (15.2%) 5792 (84.6%) 1055 (15.4%) 

 unemployed 349 (83.1%) 71 (16.9%) 327 (83.4%) 65 (16.6%) 

 out of labour force 2289 (83.8%) 442 (16.2%) 1861 (82.9%) 384 (17.1%) 

Partnership status, n (%)     

 in a couple 9971 (86.0%) 1622 (14.0%) 8737 (85.9%) 1440 (14.1%) 

 alone 3355 (83.2%) 676 (16.8%) 3002 (83.1%) 612 (16.9%) 

No. of chronic diseases or conditions, n (%)     
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 <2 7761 (87.4%) 1120 (12.6%) 6750 (87.4%) 969 (12.6%) 

 2 or more 5565 (82.5%) 1178 (17.5%) 4989 (82.2%) 1083 (17.8%) 

No. of ADL/IADL functional limitations, n (%)     

 0 11279 (85.9%) 1845 (14.1%) 9925 (85.9%) 1635 (14.1%) 

 1 or more 2047 (81.9%) 453 (18.1%) 1814 (81.3%) 417 (18.7%) 

Immediate recall, mean (SD) 5.2 (1.7) 4.9 (1.6) 5.2 (1.7) 4.9 (1.7) 

Delayed recall, mean (SD) 3.8 (2.0) 3.6 (1.9) 3.8 (2.0) 3.5 (1.9) 

Verbal fluency, mean (SD) 19.9 (7.2) 18.8 (6.8) 20.4 (7.3) 19.0 (6.8) 

Residential area, n (%)     

 urban 9539 (83.2%) 368 (16.8%) 8216 (82.8%) 1712 (17.2%) 

 rural 3787 (91.1%) 1930 (8.9%) 3523 (91.2%) 340 (8.8%) 

Physical activity, n (%)     

 active 10373 (86.1%) 1677 (13.9%) 9151 (86.0%) 1489 (14.0%) 

 inactive 2953 (82.6%) 621 (17.4%) 2588 (82.1%) 563 (17.9%) 

Social participation, n (%)     

 active 4933 (87.7%) 695 (12.3%) 4665 (88.0%) 636 (12.0%) 

 inactive 8393 (84.0%) 1603 (16.0%) 7074 (83.3%) 1416 (16.7%) 

Smoking, n (%)     

 yes 2427 (82.7%) 506 (17.3%) 1991 (82.6%) 420 (17.4%) 

 no 10899 (85.9%) 1792 (14.1%) 9748 (85.7%) 1632 (14.3%) 

Alcohol consumption, n (%)     

 at least 5 times a week 2981 (87.1%) 440 (12.9%) 2779 (86.9%) 419 (13.1%) 

 less often 10345 (84.8%) 1858 (15.2%) 8960 (84.6%) 1633 (15.4%) 

Depressive symptoms, mean (SD) 2.1 (2.1) 2.8 (2.4) 2.1 (2.1) 2.8 (2.4) 

ADL: Activities of Daily Living; IADL: Instrumental Activities of Daily Living; ISCED: International Standard Classification of Educational Degrees; SD: standard 

deviation. 
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Findings from the mediation analyses showed that perceived neighbourhood crime was 

significantly associated with depressive symptoms during follow-up, and the majority of the 

total associations was direct (Table 2). We identified a small indirect pathway through social 

participation: reporting crime in the neighbourhood increased the level of depressive symptoms 

with 0.104 (95% CI: 0.024-0.177; p=0.015), and 4.6% of this association could be explained 

by lower engagement in social activities (b=0.005; 95% CI: 0.001-0.009; p=0.015). Mediations 

through physical inactivity, smoking or alcohol consumption were not significant (Table 2). 

We examined whether the social participation pathway differed across age, gender, educational 

attainment and household wealth groups (moderated mediation). Moderation was not 

significant for gender and age (results not shown). Educational attainment significantly altered 

the direct but not the indirect effects, with neighbourhood crime being associated with 

depressive symptoms among those with primary (b=0.217; 95% CI: 0.084-0.359; p=0.002) and 

tertiary (b=0.257; 95% CI: 0.086-0.426; p<0.001), but not with secondary (b=-0.023; 95% CI: 

-0.128-0.081; p=0.710) education (Fig. 3A). Household wealth modified the indirect but not 

the direct effects: mediation through social participation was only present in the low (b=0.012; 

95% CI: 0.004-0.023; p=0.003; 7.3% mediated) but not in the medium (b=0.003; 95% CI: -

0.004-0.011; p=0.350) or high household wealth (b=0.002; 95% CI: -0.003-0.007; p=0.520) 

groups (Fig. 3B).
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Table 2. Mediation analysis between perceived neighbourhood crime and depressive symptoms among ageing adults 

 

 

Mediator Total effects Direct effects Indirect effects Percentage 

mediatedc 

b 95% CI p b 95% CI p b 95% CI p % (95% CI) 

Physical activitya 0.107 0.032-0.185 0.006 0.109 0.033-0.185 0.006 -0.002 -0.009-0.006 0.697  

 Low-to-moderate level 0.108 0.033-0.184 0.006 0.109 0.034-0.186 0.006 -0.001 -0.009-0.007 0.754  

 Vigorous level 0.107 0.033-0.180 0.008 0.106 0.033-0.179 0.008 0.001 -0.003-0.005 0.591  

Formal social participationa 0.104 0.024-0.177 0.015 0.099 0.020-0.172 0.020 0.005 0.001-0.009 0.015 4.6 (0.7-17.1) 

 Voluntary or charity work 0.105 0.032-0.178 0.008 0.104 0.032-0.177 0.008 0.001 -0.002-0.004 0.497  

 Education or training course 0.104 0.029-0.180 0.005 0.104 0.028-0.180 0.005 -0.000 -0.004-0.003 0.879  

 Sport, social or other kind of club 0.103 0.024-0.182 0.006 0.100 0.020-0.178 0.009 0.003 0.001-0.006 0.022 3.2 (0.5-13.7) 

 Political or community organisation 0.104 0.033-0.180 0.011 0.103 0.034-0.179 0.011 0.000 -0.001-0.003 0.571  

Smokingb 0.120 0.042-0.194 0.002 0.120 0.042-0.194 0.002 -0.000 -0.001-0.001 0.831  

Alcohol consumptionb 0.122 0.047-0.197 0.003 0.122 0.046-0.196 0.003 0.001 -0.001-0.003 0.419  

Outcome models were fitted with linear mixed-effects, mediator models with generalised linear mixed-effects models; adjusted confounders included age, gender, 

educational attainment, economic activity, household equalised net wealth, partnership status, physician diagnosed chronic diseases or conditions, functional limitations, 

cognitive functioning (i.e. immediate recall, delayed recall, verbal fluency), residential area, country and follow-up wave. Models were controlled for depressive symptoms 

and respective mediator at baseline. Direct and indirect effects, and their 95% confidence intervals (CI) were estimated using 1300 quasi-Bayesian Monte Carlo simulations. 
a Models are based on 15624 participants; 
b Models are based on 13791 participants. 
c Shown for significant indirect effects only. 
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Fig. 3. Total association between perceived neighbourhood crime and depressive symptoms decomposed into direct effects and indirect effects 

via formal social participation by educational attainment (A) and household wealth (B) groups. Outcome models were fitted with linear mixed-

effects, mediator models with generalised linear mixed-effects models (n=15624). Model were adjusted for age, gender, educational attainment, 

economic activity, household equalised net wealth, partnership status, physician diagnosed chronic diseases or conditions, functional limitations, 

cognitive functioning (i.e. immediate recall, delayed recall, verbal fluency), residential area, country and follow-up wave. Direct and indirect 

effects, and their 95% confidence intervals were estimated using 1300 quasi-Bayesian Monte Carlo simulations; plotted values are 

unstandardized coefficients. 
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Finally, sensitivity analysis indicated that mediation through social participation was likely 

attributable to participating in sport, social and other kind of club activities (b=0.003; 95% CI: 

0.001-0.006; p=0.022; 3.2% mediated); but neither low-to-moderate nor vigorous physical 

activity mediated perceived neighbourhood crime effects (Table 2). Simultaneously adjusting 

for baseline levels of all four mediators confirmed mediation through social participation 

(b=0.004; 95% CI: 0.0003-0.008; p=0.032; 4.3% mediated) (Table A.3). Establishing time lag 

between mediators and outcome resulted in a 30% drop of observations (i.e. requiring 

participation in 3 instead of 2 waves), and in an attenuated, but significant, indirect path through 

social participation (b=0.003; 95% CI: 0.001-0.007; p=0.012; 2.2% mediated) (Table A.4). 

Indirect pathway was close to significance level in the subsample with depression-free baseline 

(b=0.004; 95% CI: -0.0001-0.009; p=0.057; 3.3% mediated) (Table A.5).  

DISCUSSION 

Our study suggests that perceived neighbourhood crime increases the level of depressive 

symptoms among European adults aged 50 years and older. The majority of this association 

was direct, but we found a small mediating pathway through social participation, whereby older 

adults reporting crime in their neighbourhood were less likely to engage in social activities, 

which was then associated with higher levels of depressive symptoms during follow-up. 

Indicators of socioeconomic status modified the direct effects and the indirect pathway through 

engagement in social activities. The direct effect of perceived neighbourhood crime was only 

present among adults with primary or tertiary education. The indirect effect of social 

participation was pronounced among participants from low wealth households, indicating not 

only higher vulnerability to crime in this group but also more restricted social resources in 

comparison to individuals from higher wealth households. We did not find evidence for 

mediation through physical activity, smoking and alcohol consumption. 

Accumulated evidence shows that living in high crime neighbourhoods likely increases the risk 

of depression, with stronger associations found when utilising participants’ perception over 

objectively measured crime.10 Our findings contribute to this body of research by suggesting 

that in addition to the stress pathway,15 in unsafe neighbourhoods older adults may be less 

likely to engage, or have fewer opportunities to engage, in social activities, including sport or 

social clubs, which could be detrimental for their well-being. The benefits of social 

participation are not only increased skills or competencies, but also creating a sense of meaning 

and purpose,22 providing opportunities to meaningful engagement, feeling connected with 
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others,32 and maintaining individuals’ social capital at an age when it tends to decline.33 Older 

residents of neighbourhoods perceived as unsafe are more likely to feel lonely, an important 

risk factor of mental ill-health,17 and lacking opportunities for social interaction further 

contributes to their elevated risk of depression. 

In contrary to previous cross-sectional evidence, our longitudinal analyses were not able to 

confirm pathways via physical activity (neither low-to-moderate nor vigorous level). A study 

of African-American older adults indicated that vigorous physical activity mediates the impact 

of perceived neighbourhood violence on depression.23 These findings are supported by an 

Australian investigation showing mediation between perceived neighbourhood safety and 

mental health-related quality of life via transport-related cycling and leisure-time moderate-to-

vigorous physical activity.24 We also did not find mediation via smoking or alcohol 

consumption; to our knowledge, this is the first study testing their indirect effects. It is plausible 

that health behaviours are established at earlier stages of the life course, and our longitudinal 

analyses could not identify change in health behaviour conditioned on neighbourhood crime 

exposure in older age. In addition, the association between health behaviours and mental health 

might be bidirectional with different pathways operating across the life course.34 Although 

there is evidence of longitudinal mediation between urbanicity and depression via physical 

activity, loneliness, and social support,35 information on specific neighbourhood feature is 

needed to decipher urban health effects. 

We identified unequal crime effects across socioeconomic groups. Direct associations were 

stronger among older adults with low educational attainment, likely related to their elevated 

fear of crime due to relatively higher risk of crime exposure and perceived vulnerability.36 

Pronounced mediation via social participation among individuals from low wealth households 

showed that in addition to being financially vulnerable, they have also poorer social resources 

to cope with elevated stress. This is in line with research identifying social participation as a 

mediator of socioeconomic inequalities on mental health.37 Moreover, perceived 

neighbourhood crime led to elevated risk of depression among those with higher education too; 

a possible product of discongruity between higher status individuals living in lower status 

neighbourhoods perceived as unsafe.38  

Future research could usefully examine how specific neighbourhood features operate to ‘get 

under the skin’ to influence mental health, consider a wider range of mental health outcomes 

(e.g. anxiety), and investigate longitudinal mediation in younger age groups where findings 
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might differ. Policies designed to promote healthy ageing should focus on supporting ageing 

in place39 including identifying opportunities to enhancing aspects of the residential 

environment that are pertinent to the health of older adults. Reducing crime rates, tackling signs 

of unsafe environments and making people feel safe in their neighbourhood may reduce the 

risk of depression, while strengthening community ties through providing opportunities for 

social participation could help to provide the structural support to enhance the well-being of 

residents.40  

Study limitations and strengths  

To our knowledge, this is the first longitudinal study exploring mediation between 

neighbourhood crime and depression in a large sample of ageing adults. We applied a strong 

study design with repeated measurements lowering the risk of reverse causation; calculations 

were based on causal mediation methods, providing a more robust assessment of indirect 

pathways than previously done in the literature. However, there are limitations. First, small-

scale geographical information is not available in SHARE, neighbourhood crime and 

vandalism were measured by respondents’ perception. While neighbourhood perception might 

be a proximal predictor of depression mediating the impact of objective crime rates and better 

capturing participants’ self-defined neighbourhoods,10 there remains a risk for same-source 

bias (i.e. spurious association between self-reported exposure and outcome).41 Neither 

neighbourhood crime nor its perceptions are naturally dichotomous. Operationalising crime 

with a single dichotomous item in SHARE limits the construct’s reliability and content validity, 

which might have led to imprecise findings. Second, to make valid inferences on direct and 

indirect effects, causal mediation analysis requires a set of assumptions (i.e. sequential 

ignorability): no unmeasured confounding in (i) exposure-outcome, (ii) mediator-outcome, (iii) 

exposure-mediator relationship, and (iv) no mediator-outcome confounder affected by the 

exposure.42 In observational studies, these assumptions may not hold, and relevant sensitivity 

analysis to test these assumptions31 were not available for multilevel models. Third, although 

we tried to include as many observations as possible by considering exposure from waves 1 

and 2, and by applying mixed-effects models, baseline non-response in SHARE (~40%),25 

missing exposure data for partners, and substantial dropout during follow-up likely introduced 

selection bias in our findings. Last, despite longitudinal design and a range of sensitivity 

analyses, we cannot rule out reverse causation biasing our findings. 

CONCLUSIONS 
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Our study suggests that perceived neighbourhood crime may increase the level of depression 

among older adults, partly due to lower engagement in social activities in areas suffering from 

crime and vandalism. While mediation through social participation was relatively small in 

magnitude, it was more pronounced among individuals with low household wealth, thereby 

highlighting inequalities not only in vulnerability to community stressors but also in social 

resources important to cope with stress. Given the limitations of our study, research should 

seek to clarify the pathways through which neighbourhood crime influences mental health at 

different time points across the life course. Policies supporting healthy ageing might focus on 

the residential environment which is likely to contribute to the reduction of social inequalities 

through being more efficacious for low socioeconomic residents with fewer financial and social 

resources. 
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Supplementary Table A.1: Variable measurement in baseline and follow-up waves 

 

 Baseline* Follow-up 

Exposure:  
perceived neighbourhood crime 

Baseline wave  
(i.e. defined as latest 

available information on 

exposure from either 

wave 1 or wave 2) 

- 

Outcome:  
depressive symptoms 

Baseline wave Waves 4-7 

Mediators I:  
physical activity and social participation 

Baseline wave Waves 4-7 

Mediators II:  
current smoking and alcohol consumption 

Baseline wave Waves 4-5 

Covariates:  
age, gender, educational attainment, economic activity, 

household equalised net wealth, partnership status, 

physician diagnosed chronic diseases or conditions, 

functional limitations, cognitive functioning (i.e. 

immediate recall, delayed recall, verbal fluency), 

residential area, country and follow-up wave 

Baseline wave - 

*Baseline levels of outcome and mediators were used as control variables.  
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Supplementary Fig A.1: Directed acyclic graph presenting hypothesised associations between exposure, mediators, outcome and confounders 

 

Graph was prepared using the DAGitty online software (http://www.dagitty.net). Confounders and mediators are grey, outcome blue and exposure green boxes. Objective 

neighbourhood crime was added to the graph as an important unmeasured variable. Model presents the adjustments in sensitivity analyses 2 (i.e., controlling for baseline levels 

of mediators). Note: chronic conditions, functional limitations and cognitive abilities are not directly confounding the smoking → depression and alcohol consumption → 

depression pathways. Still, they were included in the models, as the exact same confounders have to be controlled in mediator and outcome models included in model-based 

causal mediation analysis. Findings of mediation analysis did not change for these mediators when we excluded chronic conditions, functional limitations and cognitive abilities 

from the models (results not shown).
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Supplementary Table A.2: Baseline sample characteristics by included and excluded 

participants (n=46668) 

Variables 
Includeda 

(n=15624) 

Excluded 

(n=31044) 

Age, mean (SD) 63.3 (9.0) 65.3 (11.3) 

Perceived neighbourhood crime, n (%)   

 yes 2298 (49.5%) 2345 (50.5%) 

 no 13326 (52.1%) 12268 (47.9%) 

 missing - 16431 (100%) 

Gender, n (%)   

 male 6867 (33.8%) 13893 (66.2%) 

 female 8757 (33.1%) 17151 (66.9%) 

 missing - - 

Tertile of equalized household net wealth, n (%)   

 low 4407 (28.3%) 11144 (71.7%) 

 medium 5315 (34.2%) 10231 (65.8%) 

 high 5902 (38.0%) 9648 (62.0%) 

 missing - 21 (100%) 

Highest educational attainment, n (%)   

 primary or none (ISCED levels 0 and 1) 4456 (30.5%) 10147 (69.5%) 

 secondary (ISCED levels 2–4) 7893 (35.0%) 14643 (65.0%) 

 tertiary (ISCED levels 5 and 6) 3275 (38.0%) 5354 (62.0%) 

 missing - 900 (100%) 

Economic activity, n (%)   

 employed 4948 (37.3%) 8305 (62.7%) 

 retired 7525 (33.0%) 15282 (67.0%) 

 unemployed 420 (34.4%) 801 (65.6%) 

 out of labour force 2731 (32.4%) 5690 (67.6%) 

 missing - 966 (100%) 

Partnership status, n (%)   

 in a couple 11593 (34.7%) 21827 (65.3%) 

 alone 4031 (31.7%) 8695 (68.3%) 

 missing - 522 (100%) 

No. of chronic diseases or conditions, n (%)   

 <2 8881 (34.2%) 17058 (65.8%) 

 2 or more 6743 (32.9%) 13755 (67.1%) 

 missing - 231 (100%) 

No. of ADL/IADL functional limitations, n (%)   
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 0 13124 (36.0%) 23361 (64.0%) 

 1 or more 2500 (25.1%) 7458 (74.9%) 

 missing - 225 (100%) 

Residential area, n (%)   

 urban 11469 (34.1%) 22158 (65.9%) 

 rural 4155 (34.8%) 7777 (65.2%) 

 missing - 1109 (100%) 

Immediate recall, mean (SD) 5.2 (1.7) 4.7 (2.0) 

Delayed recall, mean (SD) 3.8 (1.9) 3.3 (2.1) 

Verbal fluency, mean (SD) 19.7 (7.2) 17.9 (7.7) 

Physical activity, n (%)   

 active 12050 (36.8%) 20733 (63.2%) 

 inactive 3574 (26.3%) 10020 (73.7%) 

 missing - 291 (100%) 

Social participation, n (%)   

 active 5628 (40.1%) 8401 (59.9%) 

 inactive 9996 (31.4%) 21854 (68.6%) 

 missing - 789 (100%) 

Smoking, n (%)   

 yes 2933 (32.5%) 6084 (67.5%) 

 no 12691 (34.0%) 24662 (66.0%) 

 missing - 298 (100%) 

Alcohol consumption, n (%)   

 at least 5 times a week 3421 (34.8%) 6414 (65.2%) 

 less often 12203 (33.4%) 24327 (66.6%) 

 missing - 303 (100%) 

Depressive symptoms, mean (SD) 2.21 (2.15) 2.49 (2.4) 

a Analytical sample for the mediators of physical activity and social participation (i.e. Sample A). 

ADL: Activities of Daily Living; IADL: Instrumental Activities of Daily Living; ISCED: International Standard 

Classification of Educational Degrees; SD: standard deviation.
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Supplementary Table A.3: Mediation analysis with simultaneously adjusting for baseline levels of all four mediators  

 

 

 

Mediator Total effects Direct effects Indirect effects Percentage 

mediatedc 

b 95% CI p b 95% CI p b 95% CI p % (95% CI) 

Physical activitya 0.103 0.025-0.177 0.008 0.105 0.028-0.178 0.005 -0.002 -0.010-0.005 0.534  

Formal social participationa 0.099 0.017-0.171 0.017 0.094 0.013-0.168 0.022 0.004 0.0003-0.008 0.032 4.3 (0.2-19.7) 

Smokingb 0.117 0.042-0.197 0.002 0.117 0.041-0.197 0.002 -0.000 -0.002-0.001 0.849  

Alcohol consumptionb 0.118 0.041-0.192 <0.001 0.118 0.041-0.191 <0.001 0.001 -0.001-0.003 0.340  

Outcome models were fitted with linear mixed-effects, mediator models with generalised linear mixed-effects models; adjusted confounders included age, gender, 

educational attainment, economic activity, household equalised net wealth, partnership status, physician diagnosed chronic diseases or conditions, functional limitations, 

cognitive functioning (i.e. immediate recall, delayed recall, verbal fluency), residential area, country and follow-up wave. Models were controlled for depressive symptoms 

and all four mediators at baseline. Direct and indirect effects, and their 95% confidence intervals (CI) were estimated using 1300 quasi-Bayesian Monte Carlo simulations. 
a Models are based on 15624 participants; 
b Models are based on 13791 participants. 
c Shown for significant indirect effects only. 
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Supplementary Table A.4: Mediation analysis with one-wave time lag between exposure, mediators and outcome 

 

 

Mediator Total effects Direct effects Indirect effects Percentage 

mediatedc 

b 95% CI p b 95% CI p b 95% CI p % (95% CI) 

Physical activitya 0.144 0.052-0.244 0.003 0.144 0.053-0.243 0.003 0.000 -0.003-0.004 0.920  

Formal social participationa 0.142 0.048-0.234 0.003 0.139 0.046-0.230 0.005 0.003 0.001-0.007 0.012 2.2 (0.4-7.1) 

Smokingb 0.144 0.051-0.238 <0.001 0.144 0.052-0.238 <0.001 -0.000 -0.002-0.001 0.940  

Alcohol consumptionb 0.147 0.049-0.247 0.006 0.147 0.049-0.247 0.006 -0.000 -0.002-0.001 0.931  

Outcome models were fitted with linear mixed-effects, mediator models with generalised linear mixed-effects models; adjusted confounders included age, gender, 

educational attainment, economic activity, household equalised net wealth, partnership status, physician diagnosed chronic diseases or conditions, functional limitations, 

cognitive functioning (i.e. immediate recall, delayed recall, verbal fluency), residential area, country and follow-up wave. Models were controlled for depressive symptoms 

and for respective mediator at baseline. Direct and indirect effects, and their 95% confidence intervals (CI) were estimated using 1300 quasi-Bayesian Monte Carlo 

simulations. 
a Models are based on 10997 participants; 
b Models are based on 9862 participants. 
c Shown for significant indirect effects only. 
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Supplementary Table A.5: Mediation analysis using depression free baseline sample  

 

 

 

Mediator Total effects Direct effects Indirect effects Percentage 

mediatedc 

b 95% CI p b 95% CI p b 95% CI p % (95% CI) 

Physical activitya 0.134 0.051-0.221 0.003 0.138 0.054-0.221 0.003 -0.004 -0.014-0.006 0.440  

Formal social participationa 0.129 0.040-0.215 0.005 0.125 0.036-0.211 0.006 0.004 -0.0001-0.009 0.057 3.3 (-0.1-12.1) 

Smokingb 0.173 0.090-0.262 <0.001 0.173 0.088-0.261 <0.001 0.000 -0.004-0.005 0.900  

Alcohol consumptionb 0.173 0.079-0.260 <0.001 0.172 0.078-0.259 <0.001 0.001 -0.001-0.003 0.420  

Outcome models were fitted with linear mixed-effects, mediator models with generalised linear mixed-effects models; adjusted confounders included age, gender, 

educational attainment, economic activity, household equalised net wealth, partnership status, physician diagnosed chronic diseases or conditions, functional limitations, 

cognitive functioning (i.e. immediate recall, delayed recall, verbal fluency), residential area, country and follow-up wave. Models were controlled for respective mediator at 

baseline. Direct and indirect effects, and their 95% confidence intervals (CI) were estimated using 1300 quasi-Bayesian Monte Carlo simulations. 
a Models are based on 11931 participants; 
b Models are based on 10496 participants. 
c Shown for significant indirect effects only. 

 

 

 

 


