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Introduction: Greenness is considered to be a health-promoting feature of both natural and built environments and has the potential to influence mental health outcomes. However, most studies to date have neglected to address whether greenness differentially affects mental health outcomes for individuals across the socioeconomic spectrum. Our study explored if greenness is a moderating factor in the relationship between socioeconomic status (SES) and mental health using data from the Canadian Longitudinal Study on Aging (CLSA).



Methods: A cross-sectional design was used to compare mental health outcomes between individuals with different levels of SES and residential greenness. We used self-rated social standing as a measure of SES and depression score measured using the Centre for Epidemiologic Studies 10-Item Depression Scale (CESD-10) as a measure of mental health. Greenness was measured using the annual maximum Normalized Difference Vegetation Index (NDVI) within a 1,000 m buffer area of participants' residential postal code locations.



Results: There was a statistically significant moderating effect of greenness for the relationship between self-rated social standing and depression score. As greenness increased, individuals with lower self-rated social standing had the greatest decreases in depression score.



Discussion: The results of our study suggests that targeting greening interventions at individuals and communities with low SES may reduce depressive symptoms overall, as well as decrease socioeconomic inequalities in depression.
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Introduction

Understanding how the natural environment shapes mental health outcomes is crucial for improving population health and has important implications for urban planning and public health interventions. The relationship between greenness and mental health is well established, with greenness having a strong positive association with desirable mental health outcomes (1–7). Being in a green environment for as little as 15 min immediately attenuates the stress response and lowers cortisol levels (8). Over time, continuous exposure to greenness can reduce chronic stress, which may lead to better mental health outcomes including lower risk of depression (9, 10). Globally, depression affects over 300 million people annually and is the leading cause of mental health-related burden of disease (11). Depression is a major public health concern in Canada, with 7% of Canadians experiencing a major depressive disorder in 2019 (12). During the height of the COVID-19 pandemic, the prevalence of depression in Canada more than doubled to 16% in the fall of 2020 (12). Population-level interventions targeted at decreasing the prevalence of depression are important upstream strategies to reduce the burden of disease, and the emerging relationship between greenness and depression has led to an interest in using green spaces and green infrastructure as a public health intervention (7).

Socioeconomic status (SES) is associated with mental health conditions, including depression, where disadvantaged individuals have worse outcomes (13). Similarly, recent research has highlighted the potential for SES to moderate a person's access to natural environmental features such as green spaces. For example, those who are socioeconomically disadvantaged often have less green space in their neighbourhoods, which stems from a variety of factors including having fewer community actors advocating for green spaces, living in crowded urban environments, and less investment by local governments and organizations (14, 15). That mental health is associated independently with both SES and access to green space adds support to the notion that green space is equigenic, that is, individuals with lower SES may have the most to gain in terms of mental health improvements from increasing green space exposure (16). The rationale behind this hypothesis is that green space exposure modifies psychosocial factors that are strongly associated with low SES, such as stress and low social cohesion, by attenuating the stress response and providing environments that facilitate social connectedness such as community parks and other outdoor spaces (9, 10, 16, 17).

Despite heightened interest in green space as a public health intervention, the simultaneous evaluation of greenness, SES, and mental health in Canada is lacking, and the potential impact of greenness to moderate the relationship between SES and mental health remains unaddressed. The Canadian Longitudinal Study on Aging (CLSA) provides a unique opportunity for addressing this gap; it is a rich source of survey data from over 50,000 Canadians and includes individual-level measures of SES and mental health that have been linked to measures of residential greenness. Older adults are an ideal study population for this work for two reasons. First, SES is generally well-established by the time someone becomes an older adult, compared to its relative volatility among younger adults. Second, residential greenness (i.e., a measure of green space in proximity of an individual's home) is an accurate measure of green space exposure in older adults because they spend more time at or near the home than younger adults due to health and social factors (18).

The objective of this study was to determine if greenness is a moderating factor in the relationship between SES and mental health in older Canadians. We operationalized SES using self-rated social standing, which captures how individuals position themselves in their social hierarchy. Using a subjective measure of SES is particularly useful in older populations, where objective measures including income are less relevant due to retirement (19). Additionally, greenness is thought to moderate the relationship between SES and mental health by influencing psychosocial factors related to low SES such as stress and social cohesion (9, 10, 17). Individuals with higher SES measured by objective measures may still have low self-rated social standing and experience some degree of psychosocial effects related to low SES despite having material resources. Taken together, a subjective measure of SES is well-suited to our study population as well as our conceptual framework of the relationship between SES, mental health, and greenness.

Depression has a strong social gradient and high prevalence (20). Additionally, the Centre for Epidemiological Studies 10-item scale (CESD-10), the measure of depression in this study, can capture depressive symptoms in individuals who are not clinically depressed as well as those who meet the criteria for clinical depression (21). The results of this study will help fill a gap in the literature by determining how greenness affects individuals with different demographic characteristics and may help inform public policy surrounding green space interventions as an approach to reducing depression in Canada.



Methods


Data

We used a cross-sectional design to compare mental health outcomes between individuals with different levels of socioeconomic status (SES) and residential greenness using baseline data from the Canadian Longitudinal Study on Aging (CLSA) collected between 2011 and 2015. The CLSA is a population-based, prospective cohort study designed to investigate biological, clinical, psychosocial, societal, and environmental factors that contribute to healthy aging. A full description of the CLSA has been published elsewhere (22, 23), however a brief description of features relevant to this study are described below.

The CLSA cohort consisted of a stratified sample of 51,338 Canadians between the ages of 45 and 85 at baseline. The full CLSA cohort was split into two complementary cohorts, Tracking and Comprehensive. The Tracking cohort consisted of 21,241 participants from the 10 Canadian provinces, whose baseline data was collected via telephone interviews. The Comprehensive cohort consisted of 30,097 participants who lived within 25–50 km of 11 data collection sites in seven provinces (British Columbia, Alberta, Manitoba, Ontario, Québec, Nova Scotia, and Newfoundland). Baseline data were collected from the Comprehensive cohort using in-home interviews, as well as physical assessments and biospecimen collection at the data collection sites. Both cohorts completed the same core questionnaire that covered a broad range of social, health, and lifestyle measures (22).

To meet eligibility requirements, participants had to live in households or transitional housing environments and be able to communicate in either English or French. Residents of the three territories, individuals who lived on federal First Nations reserves, full-time members of the Canadian Armed Forces, and individuals living in institutions at the baseline were excluded from the sampling frame (23).

Baseline greenness data were provided to the CLSA from the Canadian Urban Environmental Health Research Consortium (CANUE) and were linked to CLSA data using Desktop Mapping Technologies Incorporated (DMTI) single link postal code coordinates. Greenness was represented by the normalized difference vegetation index (NDVI) that quantifies the presence of living green vegetation. We used the CANUE variable GRLANYY_9 (Annual Max of Means 1,000 m) in our main analysis, and CANUE variables GRLANYY_07 and GRLANYY_04 (Annual Max of Means 250 m and 500 m respectively) in our sensitivity analyses.

To ensure temporal alignment between baseline greenness data and CLSA data, linked greenness data for each participant were from the same year as their baseline CLSA data collection. In 2012, there was a break in NDVI data collection due to the temporary decommission of the remote satellite used to capture images (24). Therefore, CLSA participants whose baseline data were collected in 2012 did not have linked greenness data and were excluded from our analysis (n = 16,162).

After applying this exclusion criterion, our study population included 35,176 participants. We compared the distribution of age, sex, socioeconomic, and mental health variables between the included and excluded participants using Chi-square tests and did not find any meaningful differences between the two groups that would have introduced bias.



Variables


Depression

Depression was measured in the CLSA using the Centre for Epidemiologic Studies Depression Scale (CESD-10), which is a 10-item Likert-style self-report questionnaire that records depressive symptoms within the past seven days (25). Questions in the CESD-10 touch on different depressive feelings and behaviours, including, but not limited to, loneliness, hopelessness, and sleep disturbances (23).

The CLSA reports two variables using CESD-10 scores, depression score, and depression status. Depression score was calculated by summing the scores from the 10 items on the questionnaire and had a range of 0–30. Depression status was a binary variable created using the established cut-off point of a CESD-10 score of 10 or more (23, 25). Participants with CESD-10 scores less than 10 were coded as having a “negative screen for depression”, and those with scores of 10 or more were coded as having a “positive screen for depression”. We used depression score as the primary measure of depression in our study in order to capture depressive symptoms on a depression continuum, and depression status as a sensitivity analysis (Supplementary Table A.1).



Self-rated social standing

Participants were asked to picture a ladder with 10 steps representing where people stand in their communities, and to place themselves on the ladder. Self-rated social standing was a categorical variable with 10 categories (1 = individuals who consider themselves to have the lowest social standing in their community, and 10 = individuals who consider they have the highest social standing in their community). We collapsed self-rated social standing into three categories, “Low” (scores of 1–3 on the ladder), “Medium” (scores of 4–7 on the ladder), and “High” (scores of 8–10 on the ladder), following previously established cut-off scores (26).



Greenness measure

Greenness was measured using NDVI, which is a well-validated measure of greenness exposure (27–29) and has been used in epidemiological studies measuring the association between greenness and mental health outcomes (2, 29, 30).

NDVI is a measure of living plant material measured in 30 m × 30 m blocks across Canada and is calculated using Landsat 5 and Landsat 8 satellite sensors that measure chlorophyll in green vegetation (Landsat 5 Annual Green, 1984; Landsat 8 Annual Green, 2013; USGS Landsat 5, 1984; USGS Landsat 8, 2013). NDVI is measured on a scale from −1 to +1, with +1 representing lush green vegetation, 0 representing pavement or bare soil, and negative scores representing standing bodies of water. In general, scores between 0.2 and 0.3 represent moderately green environments and may include plants like shrubs and grass, and scores between 0.6 and 0.8 represent highly green environments such as temperate forests (31).

We only included positive values of NDVI. Although a study shows that “blue space exposure” (i.e., living in environments with natural water features) may also affect mental health outcomes (32), we were specifically interested in measuring the association between greenness and mental health. To facilitate interpretation of “change in NDVI”, we converted the continuous NDVI variable into quartiles for our analytic sample to use in our regression models (median = 0.797, IQR = 0.042).

NDVI in the CLSA was provided by the Canadian Urban Environmental Health Research Consortium (CANUE) and was indexed to DMTI Spatial Inc. postal codes (33). NDVI was available at four different spatial resolutions representing the average NDVI score of the geographic area within a circular buffer of 100, 250, 500, and 1,000 m from each postal code location. Previous greenness research has shown that NDVI scores representing larger buffer areas are more strongly associated with health outcomes because they capture participants' environmental exposure as they live and move around their neighbourhood (30, 34). A study by Reid et al. found similar effect sizes in the relationship between greenness and self-rated health using 1,000 m NDVI buffer areas and self-described neighbourhoods, which are participant-defined and account for how individuals are actually exposed to their environment (30). Since the CLSA does not include self-described neighbourhoods as a spatial area for NDVI, we determined that the largest NDVI buffer of 1,000 m was the best to capture individuals' actual environmental exposure. We used the 1,000 m buffer in our main analysis, and included the 250 m and 500 m buffers as sensitivity analyses to account for potential differences in effect size that were sensitive to NDVI buffer size (Supplementary Tables B.1, B.2).



Other covariates

To account for participants' interactions with their environment, we included Life Space Index (LSI) as a covariate, which provides a general measure of participants' mobility within their home and surrounding community (35, 36). LSI is a self-report measure that asks about participants' movements to different areas of their homes and communities (“life spaces”) in the last four weeks. LSI is a composite score that accounts for which life spaces participants were in, as well as how frequently they were in those spaces and if they required assistance from another person to get there. LSI was measured as a continuous variable on a scale from 0 to 120 (0 = totally bed bound, 120 = travelled out of town every day without assistance) and helped adjust for participants' level of greenness exposure based on their mobility.

The urban/rural classification variable in the CLSA was a categorical variable with five levels (urban core, urban fringe, urban population centre outside census metropolitan areas and census agglomerations, secondary core, rural), created using Statistics Canada's Postal Code Conversion File (PCCF) (37). For our main analysis, we collapsed the variable into three levels, “Urban”, which included participants classified as “urban core”, “Rural”, which included participants classified as “rural”, and “Other”, which included participants classified as outside an urban core but not living rurally. This allowed us to control for confounding based on potential differences in greenness across urban and rural environments. We also ran a sensitivity analysis stratifying across urban, rural, and other categories to determine if the relationship between NDVI, self-rated social standing, and depression score varied between urban and rural environments.

Other covariates included in our models came from CLSA baseline data and were based on the literature on greenness and mental health, as well as mental health in older adults. They included age (measured in years), sex (male or female), race (white or not), marital status (single, married, widowed, divorced, or separated), overall social support score [calculated using 19 questionnaire items that ask about different dimensions of social support (38)], and physical activity (weekly, monthly, yearly, or never) (1, 5, 39).




Statistical analysis

We calculated summary statistics (mean and standard deviation) for NDVI across self-rated social standing categories, depression status, and the other covariates included in our models to explore the distribution of greenness by participant characteristics and used t-tests and ANOVA to test for statistically significant differences in mean NDVI. Tukey's HSD Test for multiple comparisons was used to test for differences in mean NDVI between specific levels of self-rated social standing (low vs. medium, medium vs. high, and low vs. high).

We conducted a series of linear regression analyses modelling depression score using self-rated social standing, NDVI quartiles, and other covariates. Our baseline model (Model 1) was adjusted for age and sex, Model 2 was adjusted for other covariates (LSI, urban/rural classification, race, marital status, overall social support, and physical activity) and Model 3 added an interaction term between NDVI and self-rated social standing. We evaluated our models for collinearity using variance inflation factors (VIF). As expected, there was moderate correlation between covariates (VIF <5 for all), which we considered acceptable given the nature of our variables.

In our sample, 8.8% of participants were missing self-rated social standing. We compared participants with missing data to those without using Chi-square tests. Missing data was significantly associated with being female, over the age of 65, being depressed, and having lower educational attainment (p < 0.05 for all). We used the Multiple Imputation by Chained Equations (MICE) method with 10 imputations to impute missing self-rated social standing data using sex, age group, depression status, and educational attainment, and used the imputed data in our regression analyses. We chose the MICE model of imputation over the multivariate normal model (MVN) because MICE does not assume a joint normal distribution of variables; instead, the variables with missing values are modelled using their own distributions (40). This is useful when variables are skewed, as was the case with self-rated social standing in our data. We conducted a sensitivity analysis using complete cases (i.e., non-imputed data) to validate our imputed data and did not find any differences in our models (Supplementary Table C.1).

Sample weights were provided by the CLSA and accounted for the complex survey design when calculating standard errors. We considered p-values ≤0.05 statistically significant. All analyses were conducted using Stata version 15.1 (41). Code used in our statistical analysis will be made available upon reasonable request.



Data access and ethics

The CLSA study protocol was approved by 13 research ethics boards across Canada. Data access for this study was granted by the CLSA, and this study was approved by Dalhousie University Research Ethics Board (REB # 2020–5168).




Results

Our study population included 35,176 participants from the Tracking and Comprehensive CLSA cohorts. The study population was close to evenly split between males and females (55.2% male, 44.8% female), predominantly Caucasian (94.8%), and most participants were aged 45–64 (72.7%). The majority lived in urban environments (71.8%), were married (76.2%), participated in physical activity at least once a week (39.6%), and had medium self-rated social standing (65.4%). Nearly a fifth (18.5%) of study participants had a positive screening for depression on the CESD-10 (CESD-10 score ≥10) (Table 1). We used NDVI within a 1,000 m buffer area of postal code locations. The mean NDVI for our study population was 0.792, with a standard deviation of 0.039 and a range of 0.901 (minimum = 0.099, maximum = 1.000).


TABLE 1 Descriptive characteristics and NDVI scores for CLSA participants.

[image: Table 1]

There were no statistically significant differences in mean NDVI between self-rated social standing categories (p = 0.119) (Table 1), however Tukey's HSD Test for multiple comparisons determined that mean NDVI between “Low” and “High” self-rated social standing categories was significantly different (p = 0.020). Participants with a positive screen for depression on the CESD-10 had a statistically significant lower mean NDVI score than participants with a negative screen for depression [0.790 compared to 0.792, (p < 0.001)] (Table 1).

Figures 1, 2 illustrate the relationship between self-rated social standing and NDVI (measured as continuous and quartiles, respectively) on depression score. Individuals with lower self-rated social standing had higher depression scores than individuals with higher self-rated social standing. As greenness increased, depression scores decreased for all self-rated social standing categories, however depression scores decreased more for individuals with lower self-rated social standing. Figure 1 illustrates the relationship between self-rated social standing across the range of NDVI values included in the data, and Figure 2 is in line with our regression models that use NDVI quartiles to quantify change in NDVI.


[image: Figure 1]
FIGURE 1
Interaction between self-rated social standing and NDVI on depression score. Higher NDVI has a great impact on depression score for participants with low and medium self-rated social standing compared to participants with high self-rated social standing.



[image: Figure 2]
FIGURE 2
Interaction between self-rated social standing and NDVI quartile on depression score. Higher NDVI has a greater impact on depression score for participants with low and medium self-rated social standing compared to participants with high self-rated social standing.


We conducted a series of linear regression models to determine if NDVI was a statistically significant modifier in the relationship between self-rated social standing and depression score. In the baseline model, individuals with medium and high self-rated social standing scored on average 2.05 and 3.13 points lower on the CESD-10 than individuals with low self-rated social standing (p < 0.001 for both) (Table 2). Residential greenness, measured using NDVI quartiles, was also significantly associated with lower depression scores. Individuals in the highest NDVI quartile (i.e., the most greenness) scored on average 0.27 points lower on the CESD-10 than individuals in the lowest NDVI quartile (p < 0.001) (Table 2). After adjusting for covariates in Model 2, self-rated social standing was still significantly associated with lower depression score, however the association between NDVI and depression score was attenuated and no longer statistically significant. There were statistically significant interactions between levels of self-rated social standing and NDVI quartile after adjusting for covariates in Model 3, which indicated that the relationship between self-rated social standing and depression score varied by greenness (Table 2).


TABLE 2 Results of regression analysis modelling depression score by self-rated social standing and maximum annual NDVI within 1,000 m buffer area.

[image: Table 2]

We also conducted a sensitivity analysis stratifying across urban, rural, and other categories to determine if the relationship between self-rated social standing, NDVI quartile, and depression score varied between urban and rural environments (Table 3). Significant interactions were noted between levels of self-rated social standing and NDVI quartile after adjusting for covariates for participants in the urban stratum, but no significant interaction terms were identified for participants in the rural or other strata (Table 3).


TABLE 3 Results of regression analysis modelling depression score by maximum annual NDVI within 1,000 m buffer area, stratified by urban/rural classification.

[image: Table 3]

To account for potential differences in effect size that were sensitive to NDVI buffer size, we ran our models using NDVI with 250 m and 500 m buffer areas as sensitivity analyses (Supplementary Tables B.1, B.2). The direction of association between NDVI and depression score was the same regardless of NDVI buffer area in the base model adjusted for age and sex, however, there were no statistically significant interaction terms between NDVI quartiles and self-rated social standing using the smaller NDVI buffer areas.

We conducted a sensitivity analysis using depression status, which is a more clinically relevant measure of depression created using the established CESD-10 score cut-off point of <10 or ≥10 (25). Higher self-rated social standing and NDVI were statistically significantly associated with lower odds of depression, however, there were no significant interaction terms between self-rated social standing and NDVI quartiles using the 1,000 m buffer area (Supplementary Table B.1).



Discussion

The aim of this study was to improve our understanding of the relationships between greenness, SES, and mental health in Canada using data from the Canadian Longitudinal Study on Aging. Our objective was to determine if greenness is a moderating factor in the association between self-rated social standing and depression. We observed a statistically significant interaction between self-rated social standing and NDVI in their associations with depression score, which suggests that greenness moderates the relationship between self-rated social standing and depression among older Canadians.

In general, individuals with lower self-rated social standing had higher depression scores, which is consistent with observed social gradients in depression (20). However, as NDVI score increased, the rate of decrease in depression score was greater for individuals with low and medium self-rated social standing compared to individuals with high self-rated social standing. This suggests that greenness may help reduce social gradients in depression, which has important implications for public health interventions aimed at improving population-level depression outcomes. Further, stratified analysis showed NDVI significantly modified the relationship between self-rated social standing and depression score among individuals who live in urban areas. Intentional greening initiatives (i.e., planting vegetation in neighbourhoods) targeted at individuals with low SES may be associated with less socioeconomic-related depression inequalities and other mental health inequalities, especially in urban areas where individuals with lower SES may have less access to green spaces (14).

We used depression status and self-rated social standing categories to compare mean NDVI between individuals with different mental health states and socioeconomic status. NDVI was higher for individuals with a negative screen for depression and higher self-rated social standing. This is consistent with the literature on the beneficial effects of greenness on mental health (1, 3–7), as well as documented socioeconomic gradients in neighbourhood green space where individuals with higher SES have more green space (14, 15, 42). However, for both variables, the difference in mean NDVI values between groups was very small. Despite a wide range of possible NDVI scores (0.099–1.000), there was a 0.002 difference in mean NDVI between individuals with positive and negative screens for depression (0.790 vs. 0.792), a 0.001 difference between the lowest and highest self-rated social standing categories (0.791 vs. 0.792), and the mean NDVI for depression status and self-rated social standing groups were virtually identical to the overall study population mean NDVI of 0.792, with only slight decreases from the mean for individuals with a positive screen for depression and low self-rated social standing. While these results indicate that higher NDVI within 1,000 m of postal code location is associated with less depressive symptoms measured on the CESD-10, it is unclear how such small differences in NDVI should be interpreted when considering the design of greening interventions targeted at reducing depression. To explore this further, we conducted a sensitivity analysis using depression status in our model instead of depression score and found that NDVI did not significantly moderate the relationship between self-rated social standing and depression status. This is likely because the decreases in depression score associated with higher NDVI observed in our main model were below the binary depression cut-off score of 10 on the CESD-10.

Other NDVI studies have reported similarly small differences in NDVI by SES indicators and health outcomes. For example, a Canadian study measured an income-NDVI gradient where the difference in mean NDVI between the lowest and highest income categories was 0.05 (43). Other Canadian studies have reported statistically significant lower odds of depression and anxiety associated with small NDVI increases of 0.06–0.1 (2, 3). Small differences in NDVI raise questions about effect size, including whether statistically significant differences in mean NDVI translate to real differences in greenness. At its core, NDVI is a measure of chlorophyll concentration captured by satellite imagery, which is then transformed into an index. It does not provide contextual information about the types of vegetation in the environment, let alone how people interact with and are exposed to the green space it is measuring. This is a limitation of all studies using NDVI. However, exploratory analyses using NDVI and large study populations, such as the CLSA, are important for establishing associations between greenness, SES, and mental health, and lay the groundwork for future research using other green space measures.

Previous research aligns with our main finding, suggesting that greenness may act as an equalizer for mental health outcomes between individuals with low and high SES by reducing stress associated with low SES (44, 45). It is well established that low SES is a risk factor for poor mental health (46–48) because SES directly impacts psychosocial, material, and behavioural factors associated with mental health including stress, the ability to obtain resources (e.g., adequate housing, nutritious food), and health promoting behaviours (e.g., the opportunity to exercise) (49). Conversely, greenness and green spaces are thought to modify the association between SES and mental health by decreasing stress, improving social cohesion, and promoting physical activity (16). Individuals with low SES are also disproportionately exposed to harmful environmental exposures associated with poor mental health, which has been identified as a driver of mental health inequalities (42, 50). Green spaces can be protective against harmful environmental exposures associated with poor mental health by reducing air and noise pollution, as well as heat island effects (4, 51, 52).

Increasing greenness and access to green spaces, particularly for individuals with low SES, has been proposed as a potential strategy to help reduce socioeconomic-related mental health inequalities as an interim measure while addressing other social determinants of health (42, 44, 53, 54). Significant interaction terms between NDVI and self-rated social standing in our depression score model indicated that greenness moderated the effect of self-rated social standing on depression score, and consequently, increased NDVI was associated with a decrease in depression score inequality. Although we observed a difference in greenness availability by self-rated social standing, in reality, the observed decreases in depression scores in areas with higher NDVI would likely be too small to justify using greening initiatives as interventions to reduce depression in neighbourhoods and communities with low self-rated social standing.

A limitation of our study is the use of NDVI as the sole measure of greenness. There were very small differences in mean NDVI across self-rated social standing and depression groups, and further research is needed to determine the meaning of such small changes in NDVI to individuals living in built environments. Additionally, physical activity and social support were both associated with depression in our regression models, which in turn might be highly influenced by available green space and individual-level decisions on where to live. There are many types of green spaces, and those intended for playing sports or neighbourhood parks that facilitate social connectedness may have more of an influence on depression than other types of green space such as grassy road medians or agricultural fields. Understanding how specific types of green space facilitate physical activity and social connectedness is important when quantifying the relationship between greenness, SES, and mental health, and warrants further investigation. Additionally, other environmental exposures including air and noise pollution have also been linked to poor mental health and may be mitigated by increasing greenness, however these exposures were not measured in our study.

In summary, our findings add to the literature surrounding greenness and mental health in Canada and suggest that targeting greening interventions at individuals and communities with low SES may reduce depressive symptoms overall, as well as decrease socioeconomic inequalities in depression.
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