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Mental health and well-being in adolescence are associated with many short- and long-term outcomes. The evidence suggests that greenspace may play a role in adolescents' mental well-being, but we do not know much about the specifics of this link. In this paper, we investigated the role of other factors in the association. In a cross-sectional study, we investigated the role of neighbourhood greenspace in emotional and behavioural outcomes in 11-year-old urban adolescents participating in the UK Millennium Cohort Study (n = 4,534). We used linear regression models to test for an association of greenspace with self-esteem, happiness, positive mood, negative mood, and antisocial behaviour. We also investigated effect modification/moderation by garden access, physical activity, and perceived area safety. We did not find a main effect of greenspace, but we did find interaction effects. First, in adolescents without a garden, higher levels of greenspace were associated with lower levels of self-esteem and positive mood. Second, in adolescents who reported lower levels of physical activity, higher levels of greenspace were associated with lower levels of negative mood. Third, in adolescents who perceived their areas to be unsafe, higher levels of greenspace were associated with higher levels of antisocial behaviour. Our findings suggest that merely more greenspace in the neighbourhood may not be sufficient to promote the mental well-being of urban adolescents in the UK. However, greenspace does seem to have an influence under certain conditions which should be investigated further in future studies.
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INTRODUCTION

A large body of evidence suggests a relationship between exposure to nature, particularly greenspace, and physical and mental health in both adults and children (Bowler et al., 2010; Hartig et al., 2014; Twohig-Bennett and Jones, 2018; Vanaken and Danckaerts, 2018). Greenspace has many positive functions that are likely to facilitate healthy child development. These include promoting recovery from stress, encouraging engagement in physical and social activities, and reducing exposure to environmental stressors (Markevych et al., 2017). Indeed, the evidence to date suggests a positive link between exposure to greenspace and several child and adolescent outcomes, including emotional and behavioural adjustment (Tillmann et al., 2018; Weeland et al., 2019b). It remains unclear, however, whether other factors may modify or moderate this link. Some studies indicate that children are not equally affected by greenspace, but that the link is, indeed, modified or moderated by other factors, such as sex, socio-economic status, and ethnicity (Taylor et al., 2002; Balseviciene et al., 2014; Flouri et al., 2014; McEachan et al., 2018). In the present study, in which we focus on early adolescence, we take this complexity into account by looking at a range of emotional and behavioural outcomes and by investigating the role of other factors that may modify or moderate the association.


Greenspace and Adolescent Mental Health and Well-Being

Mental health and well-being in adolescence are the foundation for a healthy life. Mental health problems, in turn, have been linked to many adverse outcomes, both in the short- and in the long-term, including higher distress, lower academic outcomes, poorer social relationships, and poorer employment prospects in adulthood (Kim-Cohen et al., 2003; Goodman et al., 2011; Department of Health, 2013; Heizomi et al., 2015; Ford and Parker, 2016). For example, lower self-esteem in adolescence is associated with poorer physical and mental health, engagement in criminal behaviour, and poorer economic prospects in adulthood (Trzesniewski et al., 2006; Masselink et al., 2018); bullying in adolescence is associated with future antisocial, criminal, and violent behaviour (Renda et al., 2011); and depressive symptoms in adolescence are linked to an increased risk of developing major depressive disorder later in life (Fergusson et al., 2005; Johnson et al., 2009). It is important to identify both the factors that may put adolescents at risk of developing emotional and behavioural problems and the factors that may protect and promote their mental health and well-being. The evidence suggests a role of several proximal factors, such as sex, maltreatment, parenting, family structure, and parental mental health (Brown et al., 1999; Griffin et al., 2000; Brennan et al., 2002; Demuth and Brown, 2004; Parker and Benson, 2004; Card et al., 2008; Mersky et al., 2012), but research has also highlighted the role of distal factors, including factors of the residential neighbourhood. Parents' perception of the quality of their neighbourhood is associated with externalising problems and depression in adolescents (Eamon, 2001; Ford and Rechel, 2012; Li et al., 2017); adolescents' perception of neighbourhood cohesion is linked to their emotional well-being (Aminzadeh et al., 2013); and adolescents' fear of crime is associated with emotional and behavioural difficulties (Mueller et al., 2019). The role of nature, particularly greenspace, as a protective or promotive factor of emotional and behavioural adjustment has received increasing attention in recent years.

Indeed, several studies do suggest an association of greenspace with children's and adolescents' emotional and behavioural adjustment (Vanaken and Danckaerts, 2018; Weeland et al., 2019b). For example, Feda et al. (2015) found that higher levels of residential park area were associated with lower levels of perceived stress in 68 12- to 15-year-old adolescents from Buffalo, New York. Further, Li et al. (2018) tracked the movements of 155 adolescents at the age of 13–19 years from Illinois, over a period of 4 days, and found that greater exposure to nature was associated with lower scores on depression, anger, and fatigue, and with better overall mood. Finally, Younan et al. (2016) studied the link between greenspace and aggressive behaviour in 1,287 adolescents from California (followed from 9 to 18 years of age) and found a negative relationship between greenspace and aggression.

This was only a selection of studies to describe some of the evidence that does suggest a relationship between greenspace and adolescent mental health and well-being. It is important to note, however, that some studies did not find a link and that many studies find a link only for a specific subset or combination of exposures and outcomes. Therefore, although the link is certainly plausible, the evidence to date is inconclusive (for reviews, see Vanaken and Danckaerts, 2018; Weeland et al., 2019b; Zhang et al., 2020).



The Potential Role of Other Factors

It is likely that the association of greenspace with adolescent mental health and well-being is modified or moderated by other factors. In our study, we explored the effects of three potential, but understudied, moderators and modifiers: perceived area safety, physical activity, and access to a garden. Do these factors play a role in the link between neighbourhood greenspace and adolescent mental health and well-being?

Adolescents' perceptions of the safety of their neighbourhoods may be an indicator (a) of the quality of greenspaces and (b) of how often adolescents visit them. Adolescents who perceive their neighbourhoods to be safe may visit nearby greenspaces more often than their counterparts. This is suggested by studies showing that area safety and crime are linked to young people's outdoor physical activity (Gómez et al., 2004; Molnar et al., 2004; Ries et al., 2008). The link between neighbourhood greenspace and adolescents' mental health and well-being may, therefore, be moderated by perceived area safety. A similar effect has already been shown in studies on adults that found that area safety, deprivation, and incivility affect use of greenspaces and moderate the link between greenspace and well-being (Jones et al., 2009; Chong et al., 2013).

Adolescents' levels of physical activity may also affect how much they benefit from nearby greenspaces. Physical activity is one of the main reasons for adolescents to visit greenspaces (Bloemsma et al., 2018), which suggests that more active adolescents may visit greenspaces more often than their counterparts. Although physical activity has been discussed as a potential mediator (Markevych et al., 2017), studies on adults do suggest that physical activity may also be a moderator of the link between greenspace and health (Astell-Burt et al., 2013; McEachan et al., 2016).

Finally, access to a garden may also play a modifying role. It has already been shown that garden access benefits the emotional and behavioural adjustment of children in the UK (Flouri et al., 2014; Richardson et al., 2017). However, access to a garden may also modify the link between neighbourhood greenspace and mental health and well-being. A garden offers an immediate opportunity for exposure to nature, and it is possible that adolescents who have access to a garden visit other greenspaces less often than their counterparts. Therefore, adolescents without a garden may benefit more from greenspaces in their neighbourhoods. This compensation effect of proximal greenspace on visits to other natural environments has been discussed previously (Maat and de Vries, 2006). It is also possible, however, that adolescents who have access to a garden are more connected to nature and seek other greenspaces more often than those without. This is suggested by studies on adults that found that use of gardens (for relaxation or gardening) was linked to use of parks and visits to nature (Lin et al., 2014; de Bell et al., 2020).



The Present Study

In the present study, we investigated the association of neighbourhood greenspace with self-esteem, happiness, positive mood, negative mood, and antisocial behaviour in 11-year-old adolescents from urban areas in the UK. Our study adds to the literature in three ways. First, we used data on a large sample and included a range of emotional and behavioural outcomes, allowing us to test for an effect of greenspace by outcome domain. Second, we explored effects in early adolescence when urban children in the UK begin to move independently around their neighbourhoods and when exposure to greenspace is not entirely due to parents. Third, we explored the role of three potential moderators, thereby specifying some of the conditions under which an effect of greenspace on mental health and well-being may be accentuated or attenuated.




METHODS


Study Sample

We used data from the UK Millennium Cohort Study (MCS; https://cls.ucl.ac.uk/cls-studies/millennium-cohort-study/). The MCS is a birth cohort study that follows 19,243 families in the UK with children born between 2000 and 2002. The MCS sample is disproportionately stratified to ensure adequate numbers for the four UK countries and for UK electoral wards with disadvantaged or ethnic minority populations (see Plewis, 2007). To this day, children have been followed across seven sweeps, from 9 months (at Sweep 1) to 17 years (at Sweep 7). At each sweep, data is collected on a wide range of outcomes and influences, including children's physical, socio-emotional, cognitive, and behavioural development; their daily life, behaviour, and experiences; and economic circumstances, parenting, relationships, and family life. We used cross-sectional data of Sweep 5 (January 2012–February 2013) when children were around 11 years old. We studied the link between greenspace quantity and self-reported self-esteem, happiness, positive mood, negative mood, and antisocial behaviour. Our analytic sample included adolescents who had lived in urban areas at Sweep 1, had never changed address until the age of 11 years (Sweep 5), and had valid data on at least one of the five outcomes (n = 4,534). Our non-analytic sample included the remaining MCS children (n = 14,709). Restricting our sample to adolescents who had never moved ensured that our measure of neighbourhood greenspace reflected exposure to greenspace not only at Sweep 5 but throughout childhood. It also kept the adolescents' neighbourhood history consistent and thereby avoided the introduction of bias by changes in type of neighbourhood due to household move. In addition, because a large majority of MCS children lives in urban areas (80% at Sweep 1) and because urbanicity modifies the link between greenspace and health (Mitchell and Popham, 2007), we excluded rural children from our sample.



Study Variables
 
Emotional and Behavioural Outcomes

We investigated five outcomes (i.e., self-esteem, happiness, positive mood, negative mood, and antisocial behaviour), all of which were self-reported at Sweep 5. This is the first time that the cohort members completed a questionnaire in that they answered questions about their mental health and well-being that included more sensitive questions on self-esteem and antisocial behaviour. The questionnaire can be found online on the MCS website (https://cls.ucl.ac.uk/cls-studies/millennium-cohort-study/mcs-age-11-sweep/). Self-esteem was measured with five items of the validated Rosenberg self-esteem scale (Rosenberg, 1965). Happiness was measured with six items asking children about their feelings about different aspects of their lives. This scale has been used elsewhere as a measure of well-being (e.g., Bannink et al., 2016; Kelly et al., 2016, 2018). In addition to these two scales, adolescents answered questions that provided further valuable information about their well-being and behaviour. These questions asked about the children's feelings in the past 4 weeks and about their engagement in delinquent and antisocial behaviour. Because these items did not belong to a clearly defined scale, we derived underlying dimensions from these items, using principal components analyses (PCAs). This approach has been used elsewhere (e.g., Flouri and Ioakeimidi, 2018). We will now describe our five outcomes in turn.

Self-esteem was measured with five items of the Rosenberg self-esteem scale: “On the whole I am satisfied with myself,” “I feel that I have a number of good qualities,” “I am able to do things as well as most other people,” “I am a person of value,” and “I feel good about myself.” Items were coded from 1 (“strongly disagree”) to 4 (“strongly agree”) and the scale score was the mean of the five items. The Cronbach's alpha of the scale was 0.75.

Happiness was measured with six items: “How do you feel about (a) your schoolwork, (b) the way you look, (c) your family, (d) your friends, (e) the school you go to, and (f) your life as a whole?” Items were coded from 1 (“not at all happy”) to 7 (“completely happy”) and the scale score was the mean of the items. The Cronbach's alpha of the scale was 0.84.

Positive and negative mood were measured with six items on the experience of positive and negative feelings: “In the last 4 weeks, how often did you (a) feel happy, (b) feel worried, (c) feel sad, (d) feel scared, (e) laugh, (f) get angry?” Items were coded from 1 (“never”) to 5 (“almost always”). Because the positive and negative items do not necessarily belong to the same scale, we ran a PCA on the six items (after checking that the six items were suitable for PCA; KMO = 0.76). The PCA resulted in two principal components with eigenvalues > 1. We rotated the component solution, using Oblimin oblique rotation. The components were “positive mood” (with items “happy” and “laugh”; scores ranging from −5.82 to 1.63) and “negative mood” (with items “worried,” “sad,” “scared,” and “angry”; scores ranging from −2.48 to 6.36).

Antisocial behaviour was measured with seven items: “Have you ever been noisy or rude in a public place so that people complained or got you into trouble?”; “Have you ever taken something from a shop without paying for it?”; “Have you ever written things or sprayed paint on a building, fence or train or anywhere else where you shouldn't have?”; “Have you ever on purpose damaged anything in a public place that didn't belong to you, for example by burning, smashing or breaking things like cars, bus shelters and rubbish bins?”; “How often do you misbehave or cause trouble in class?” (1 “never” to 4 “all of the time”); “Have you ever missed school without your parents' permission even if only for half a day or a single lesson?”; and “How often do you hurt or pick on other children on purpose?” (1 “never” to 6 “most days”). We selected these items because they are covering different aspects of antisocial and delinquent behaviour. Similar items are used, for example, in the subscale “conduct problems” of both the Strengths and Difficulties Questionnaire (Goodman et al., 1998) and the Child Behavior Checklist (Achenbach and Rescorla, 2001). After checking that the seven items were suitable for PCA (KMO = 0.75), we performed a PCA on the seven items, using Oblimin oblique rotation. The PCA resulted in two components with eigenvalues > 1: “delinquent behaviour” (with items “shoplifting,” “spraying graffiti,” “damaging things,” and “truancy”; scores ranging from −0.64 to 11.11) and “antisocial behaviour” (with items “noisy/rude in public,” “misbehaving in class,” and “bullying other children”; scores ranging from −1.95 to 7.41). After visual inspection of the distributions of the components, we found that there was only little variance on the “delinquent behaviour” scale. Therefore, we decided to exclude it from further analyses, leaving us with five outcomes considered in this study.

We assessed the correlations between the five outcomes (all p < 0.001). Self-esteem was positively correlated with happiness (r = 0.45) and positive mood (r = 0.26), and negatively correlated with negative mood (r = −0.32) and antisocial behaviour (r = −0.16). Similarly, happiness was positively correlated with positive mood (r = 0.24), and negatively correlated with negative mood (r = −0.32) and antisocial behaviour (r = −0.23). Positive mood was negatively correlated with negative mood (r = −0.21) and antisocial behaviour (r = −0.12). Finally, negative mood was positively correlated with antisocial behaviour (r = 0.28).



Neighbourhood

Neighbourhood greenspace was measured with data from the Multiple Environmental Deprivation Index (MEDIx; https://cresh.org.uk/cresh-themes/environmental-deprivation/medix-and-medclass/). The MEDIx greenspace measure used data from the Coordination of Information on the Environment (CORINE; EEA., 2000) and the 2001 Generalised Land Use Database (GLUD; Office of the Deputy Prime Minister, 2001). CORINE is a land cover dataset from 2000 for the UK that was derived from remotely sensed satellite imagery. It does not capture greenspaces smaller than 1 ha. GLUD classifies land use across England at high geographic resolution into nine categories: greenspace, domestic gardens, fresh water, domestic buildings, non-domestic buildings, roads, paths, railways, and other. Richardson and Mitchell (2010) combined data from CORINE and GLUD to create a measure of the percentage of greenspace in every UK ward. The measure included all vegetated areas larger than 5 m2 (excluding domestic gardens), regardless of their accessibility (i.e., private or public). In the MCS, greenspace data were converted into deciles ranging from 1 “least green” to 10 “most green.”

Neighbourhood air pollution was measured with data on particulate matter concentrations < 10 micrometres (PM10) from the MEDIx. PM10 concentrations were measured as annual mean concentrations (μg/m3) for each UK ward. PM10 data were taken from 1-km grids (modelled from National Atmospheric Emissions Inventory data). Average PM10 concentrations covered the years 1999 to 2003 and were population weighted (using output area units). In the MCS, air pollution data were converted into deciles ranging from 1 “least polluted” to 10 “most polluted.”

Neighbourhood deprivation was measured with the MCS strata at Sweep 1: England-Advantaged, England-Disadvantaged, England-Ethnic Minority, Wales-Advantaged, Wales-Disadvantaged, Scotland-Advantaged, Scotland-Disadvantaged, Northern Ireland-Advantaged, and Northern Ireland-Disadvantaged. There were only two strata for Wales, Scotland, and Northern Ireland because the proportion of the population that belongs to ethnic minority groups was expected to be very small for these countries. For more information on stratification, please see Plewis (2007).

Perceived area safety was measured with a single item answered by the adolescents: “How safe is it to walk, play or hang out in this area during the day?”; 1 (“not at all safe”) to 4 (“very safe”).

Availability of parks or playgrounds was measured with a single item also answered by the adolescents: “Are there any parks or playgrounds in this area where children your age can play outdoors?” (no/yes).



Covariates

Family-level covariates were maternal education (University education; no/yes), maternal depression (measured at Sweep 1 with nine items of the Malaise inventory; scores ranging from 0 to 9, with higher scores indicating higher levels of depression), intact family structure (whether or not the child lived with their biological parent(s) continuously throughout Sweeps 1 to 5; no/yes), home ownership (whether the family owned its home; no/yes), and access to a private garden (no/yes). Child-level covariates were sex (male/female), ethnicity (White, Mixed, Indian, Pakistani and Bangladeshi, Black or Black British, or Other), pubertal status (started puberty; no/yes), and physical activity. The latter was measured with a single item answered by the adolescents: “How often do you play sports or active games inside or outside, not at school?”; 1 (“never”) to 5 (“most days”).




Statistical Analysis

All analyses were run in Stata 15. We built three linear regression models for each of the five outcomes: a minimally adjusted model, a fully adjusted model, and a fully adjusted model with three interaction terms. The minimally adjusted model included neighbourhood greenspace, neighbourhood deprivation, sex, and age. The fully adjusted model added neighbourhood air pollution, availability of parks, perceived area safety, and family- and child-level covariates. The third model added the three interaction terms: garden access * greenspace, physical activity * greenspace, and area safety * greenspace. All models accounted for stratification and clustering and were weighted to account for selective attrition (using a study weight provided by the MCS). Under the assumption that missing data were missing at random (MAR), missing data on covariates and outcomes were imputed using multiple imputation by chained equations (MICE; Raghunathan et al., 2001). We generated 25 imputed datasets and used Rubin's combination rules to pool the obtained individual estimates into a single set of multiply imputed estimates (Rubin, 1987). Note that the majority of adolescents in our sample had complete data (82%). The highest missingness observed was for pubertal status (7%).




RESULTS


Bias Analysis

We tested whether the analytic sample (n = 4,534) was different from the non-analytic sample (n = 14,709) on the study variables (see Table 1). On average, children in the analytic sample lived in less green and more polluted areas and were less likely to have access to a garden. However, children in the analytic sample were more likely to report that there were parks or playgrounds in the area where children of their age could play. Families in the analytic sample were more likely to own their home and to have been intact throughout.


Table 1. Bias analysis of study variables between analytic and non-analytic samples.
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Descriptive Statistics

In Table 1, we summarise descriptive statistics of our sample. On average, adolescents had high scores on self-esteem, happiness, and positive mood, and low scores on negative mood and antisocial behaviour. The great majority had access to a private garden. On average, adolescents perceived their neighbourhoods to be safe and reported high levels of physical activity. Compared to the distribution of wards in the UK, on average, our sample lived in less green and more polluted areas.



Model Results

In Table 2, we summarise the minimally adjusted models. We did not find an association of greenspace with any of the five outcomes. Sex was the best predictor of emotional and behavioural adjustment: on average, girls had lower self-esteem, showed less antisocial behaviour, and reported higher levels of both positive and negative mood than boys. In Table 3, we summarise the fully adjusted models. Again, greenspace did not predict emotional or behavioural adjustment. Perceived area safety was a predictor of all outcomes. Sex remained a predictor of self-esteem, antisocial behaviour, and positive mood. Physical activity predicted most outcomes.


Table 2. Minimally adjusted regression models predicting self-esteem, happiness, positive mood, negative mood, and antisocial behaviour (n = 4,534).
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Table 3. Fully adjusted regression models predicting self-esteem, happiness, positive mood, negative mood, and antisocial behaviour (n = 4,534).

[image: Table 3]

To investigate whether the effect of greenspace was modified or moderated by other variables, we added three interaction terms to each of the fully adjusted models. We found four significant interactions (not reported in tables). First, access to a private garden modified the effect of greenspace on adolescents' self-esteem (b = 0.035, SE = 0.016, p = 0.028, 95% CI: 0.004, 0.066) and positive mood (b = 0.149, SE = 0.067, p = 0.027, 95% CI: 0.017, 0.28): in adolescents without a garden, higher levels of neighbourhood greenspace were associated with lower levels of self-esteem and positive mood. Second, physical activity moderated the effect of greenspace on negative mood (b = 0.033, SE = 0.014, p = 0.019, 95% CI: 0.005, 0.061): in adolescents who reported lower levels of physical activity, higher levels of greenspace were associated with lower levels of negative mood. Finally, perceived area safety moderated the effect of greenspace on antisocial behaviour (b = −0.039, SE = 0.019, p = 0.035, 95% CI: −0.076, −0.003): in adolescents who perceived their areas to be unsafe, higher levels of greenspace were associated with higher levels of antisocial behaviour. The interactions are illustrated in Figures 1–4. Note that the figures are based on non-imputed data and may deviate slightly from results reported in-text.


[image: Figure 1]
FIGURE 1. Modification of the effect of greenspace on self-esteem by garden access. This plot illustrates the modifying role of garden access in the association of greenspace with self-esteem (linear predictions). Plots are based on non-imputed data. Shaded areas are 95% confidence intervals.



[image: Figure 2]
FIGURE 2. Modification of the effect of greenspace on positive mood by garden access. This plot illustrates the modifying role of garden access in the association of greenspace with positive mood (linear predictions). Plots are based on non-imputed data. Shaded areas are 95% confidence intervals.



[image: Figure 3]
FIGURE 3. Moderation of the effect of greenspace on negative mood by physical activity. This plot illustrates the moderating role of physical activity in the association of greenspace with negative mood (linear predictions). Plots are based on non-imputed data. Shaded areas are 95% confidence intervals. Physical activity levels ranged from 1 “never” to 5 “most days.” Please note that, for visual clarity, first, the y-axis does not cover the whole scale of negative mood, and second, lines for activity levels 2 and 4 were omitted.
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FIGURE 4. Moderation of the effect of greenspace on antisocial behaviour by area safety. This plot illustrates the moderating role of perceived area safety in the association of greenspace with antisocial behaviour (linear predictions). Plots are based on non-imputed data. Shaded areas are 95% confidence intervals. Perceived area safety ranged from 1 “not at all safe” to 4 “very safe.” Please note that, for visual clarity, the y-axis does not cover the whole scale of antisocial behaviour.





DISCUSSION

We investigated the role of neighbourhood greenspace in emotional and behavioural outcomes in young adolescents from urban areas in the UK, using data from the MCS. We did not find a main effect of greenspace on any of the five outcomes considered, but we did find interaction effects. We will now discuss our findings in the context of the previous literature and our study's limitations.


Main Findings

We did not find a main effect of greenspace on any of the five outcomes. This was unexpected, especially in light of several previous studies that found associations of greenspace with a number of related outcomes in adolescents, including mood (Li et al., 2018), stress (Feda et al., 2015), and aggression (Younan et al., 2016). Yet, this is not the first study to report null results (e.g., Mueller et al., 2019; Weeland et al., 2019a), and our findings do fit in the mixed body of evidence. However, considering that Flouri et al. (2019) did find an effect of greenspace on spatial working memory, using data on the same cohort at the same age, it would be wrong to conclude that greenspace does not play a role in the mental health and well-being of young adolescents. The question is why we did not find an association in our study. There are two possible explanations for this: first, our measures of exposure and outcomes had limitations that may explain our null findings at least partly. We will describe these limitations in detail below. Second, it is possible that the effect of greenspace on mental health and well-being is conditional. We tested this and, indeed, found evidence for modification/moderation by garden access, physical activity, and perceived area safety.

First, we found that higher levels of greenspace in the neighbourhood were associated with lower levels of self-esteem and positive mood, but only in adolescents without a garden. This finding was contrary to our expectation that public greenspace would have a protective function for those without access to private greenspace. A possible explanation for our finding may be that families in the UK without access to a garden are more likely to be disadvantaged. Therefore, adolescents without a garden (likely from disadvantaged families) who live in green neighbourhoods (likely affluent) may feel relatively deprived. This is what the theory of relative deprivation would predict (Stouffer et al., 1949). According to this theory, being relatively deprived in comparison to a reference group causes stress (Winkleby et al., 2006), which can affect health negatively (Åberg Yngwe et al., 2003). A meta-analysis of the impact of relative deprivation on a range of outcomes provided evidence that one's perception of their relative injustice compared to a well-defined reference group (e.g., school, neighbourhood, or other) can have a significant impact on mental health (Smith et al., 2012). Indeed, in the UK, adolescents' perceived family social status (or subjective socio-economic status) has been linked to self-esteem, life satisfaction, and mental health problems (Quon and McGrath, 2014; Bannink et al., 2016; Rivenbark et al., 2020). However, without MCS data on the adolescents' perceived position compared to their neighbours', this explanation remains speculative. We should also note that we did not find the same effect for happiness or negative mood, although these are outcomes also related to emotional well-being.

Second, we found that higher levels of greenspace in the neighbourhood were associated with lower levels of negative mood, but only in adolescents who reported little engagement in sports or active games outside of school. We hypothesised that more active adolescents may be exposed more and, therefore, may benefit more from nearby greenspaces than their counterparts. However, our finding suggests the opposite. While adolescents who reported higher levels of physical activity were not affected by neighbourhood greenspace, adolescents who reported lower levels of physical activity seemed to benefit from high levels of greenspace and seemed to be negatively affected by lower levels of greenspace. This suggests a protective function of greenspace for adolescents who do not usually play sports or active games in their free time. A possible explanation for why more active adolescents did not seem to benefit from greenspace in their neighbourhoods would be that the question about physical activity did not specify where adolescents were active except for “not at school.” Adolescents who report high levels of physical activity may not be active in their neighbourhoods, but, for example, may be active participating in formal sports outside their area. Less active adolescents, on the other hand, may spend more time in their neighbourhoods and may, therefore, benefit more from nearby greenspaces. Future studies should further explore the role of physical activity, ideally with a more specific (and objective) measure of physical activity.

Third, we found that higher levels of neighbourhood greenspace were linked to higher levels of antisocial behaviour, but only in adolescents who perceived their areas to be unsafe. We expected that adolescents who perceived their areas to be safe would benefit more from greenspaces than adolescents who perceived their areas to be unsafe. Yet, our finding suggests that adolescents who perceive their areas to be unsafe may not only be unaffected but, indeed, negatively affected by neighbourhood greenspace. A possible explanation for this would be that adolescents who live in unsafe and likely more deprived neighbourhoods may be exposed to more antisocial behaviour. Higher levels of (potentially low-quality) greenspace in these areas may increase the risk of adopting such behaviours by offering opportunities to loiter and to engage in antisocial acts unmonitored. Again, future research is needed to explore this further.



Study Limitations

We need to view our results in the light of our study's limitations. First, there were limitations to our measure of greenspace. We used a measure of neighbourhood greenspace at ward level. A ward is a unit of administrative geography in the UK that can be large and varying in size. As we did not know where exactly an adolescent lived in a ward, our greenspace measure may not have captured their true exposure. An adolescent may live in a ward that falls into a low greenspace decile but very close to a ward that falls into a high greenspace decile. Similarly, an adolescent may live in a ward with generally low levels of greenspace but close to a large urban park. In both cases, actual exposure to greenspace would be more than suggested by our measure. Further, greenspace was measured with data from 2000 and 2001—about 10 years prior to when our outcomes were measured. Although levels of greenspace in the UK are not expected to change much over a decade, this may have led to measurement error. Therefore, we must consider exposure misclassification to have attenuated effects. We should also note that we used a measure of greenspace quantity. Other dimensions, however, such as quality, proximity, and use, may also be important for the outcomes considered in our study. Future studies would benefit from a multidimensional approach.

Our outcomes also had limitations. First, all outcomes were self-reported. This may be an advantage for emotional outcomes because the adolescents themselves may know better how they feel than their parents or teachers. However, in the case of antisocial behaviour, data could be biased, for example, toward social expectations. Second, only one of the outcomes, the Rosenberg self-esteem scale, is a well-established and validated measure. Reliability and validity are important concepts in psychology and indicate the quality of a measure (i.e., whether it measures something consistently and accurately). In this study, we were relying on the data available in the MCS. Therefore, some of our outcomes had to be derived from the items available. For the happiness scale, it was clear that the six items measured the same construct (i.e., happiness), and this scale had already been used in the literature. For positive mood, negative mood, and antisocial behaviour scales, we took steps to ensure that these outcomes were meaningful. First, by basing the item selection on the content of the items and on comparisons with related, established questionnaires, we made sure that each outcome measured a certain construct. Second, by running a PCA on the selected items, we made sure that the items did share an underlying component/construct. Third, we assessed the correlations among the outcomes which were all in the expected directions. Therefore, we expect that our measures were able to capture (at least aspects of the) intended constructs. Nonetheless, it is important to keep in mind that some of our outcomes may be limited, for example, by a small number of items. Future studies would benefit from using established, validated measures of mental health and well-being.

We should note two additional limitations. First, we used observational and cross-sectional data. Therefore, inferences about causality must be made with caution. We minimised this problem by controlling for neighbourhood and family confounders, but we cannot rule out confounding by other unknown or unmeasured factors. Second, our analytic sample was selective because we restricted it to 11-year-old adolescents from urban areas who had never moved. This limits the generalisability of our results. In particular, we cannot make inferences about older adolescents, about adolescents from rural areas in the UK, or about adolescents who have moved home during their childhood.




CONCLUSION

We investigated the role of neighbourhood greenspace in emotional and behavioural outcomes of young adolescents from urban UK. Greenspace did not have a main effect on any of the five outcomes considered. However, we did find interaction effects that are worth exploring further in future studies. Our study's limitations prevent us from drawing general conclusions or conclusions about causality. However, what we would like the reader to take away from our study is that we may, indeed, not be able to draw universal conclusions. Many other factors play a role, and, for a better understanding of the role of neighbourhood greenspace in adolescent mental health and well-being, we must pay attention to modifying and moderating factors. This could have implications for policymaking, interventions, and urban planning and design.
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Northern Ireland-advantaged 0.066(0.085) (~0.004,0.136) 0.35(0.068)"* (0.216,0483) 0.204(0.117) (-0.027,0435) —0.241(0.147) (~0.53,0.048) —0.088(0.128) (~0.341,0.164)
Northern Ireland-cisadvartaged 0,072 (0087)  (~0.001,0.144) 0.281(0.083) (0.119,0.444) 0.179(0.101)  (~0.02,0.379) —0.388(0.102)" (~0.589, ~0.187) 0.064 (0.111) (~0.155, 0.284)
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Estimates are pooled estimates of 25 imputed datasets.
*p < 0.05, *p <0.01.
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