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Despite a growing number of research outputs on the importance of nature contact during the COVID-19 pandemic, we know of no longitudinal research conducted prior to and during the pandemic among low-income and minority ethnicity populations, i.e., those that might be most affected. Furthermore, we have scant information about how and to what degree contact with nature might protect mental health or mitigate worsening of mental health during the pandemic. We filled these gaps using a subset of a longitudinal study of n = 86 individuals in low-income, predominantly African American, neighborhoods in Detroit, MI, USA. The study addressed the following research questions: (1) did self-reported use and perceived value of nature change during, vs. prior to, the pandemic; (2) did perceived access to outdoor spaces buffer people against mental health issues such as stress, anxiety and depression symptoms; or (3) did objectively measured quality of nature views from home buffer people against mental health issues, taking into account relevant covariates and pandemic experiences (e.g., loss of employment, death of a friend/relative)? While attitudes to nature improved slightly from pre- to during the pandemic, we also observed significant decreases in most types of outdoor physical activity and passive enjoyment of nature (e.g., smelling plants/rain). We found a positive association between visibility of greenspace and perceived stress and anxiety, which not only contradicts previous research findings, but was especially surprising given that overall there was a decrease in perceived stress from 2019–2020. We did not detect associations between perceived access/use of nature and mental health. However, higher depressive symptoms were associated with exposure to more COVID-19-related stressors (lost employment, death of friends from COVID-19, etc.). Taken together, our results indicate that COVID-19 may serve to prolong or exacerbate mental health issues, rather than create them, in this population and that low quality greenspace may perhaps limit the ability for nature view to buffer mental health during the pandemic.
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INTRODUCTION

During the early months of the pandemic, stories about increased wildlife in urban spaces, usage of parks in record numbers, and even conflict related to accessing public open spaces abounded in the popular media. For example, beaches and national parks have been sites of contestation related to accessibility of sites, crowded conditions, and deterioration of natural spaces due to over-use. Such record accounts of usage of natural spaces implies these areas may be important to the public during times of crises like a pandemic (Volenec et al., 2021). Indeed, at a time when being indoors with others is not recommended to limit the spread and potential exposure to COVID-19, many people have sought refuge in public, outdoor spaces. However, many national parks and large natural areas are not easily accessible to urban residents, particularly communities of color (Xiao et al., 2017).

Also during the pandemic, many people report higher stress and anxiety related to COVID-19 infection risk and the cascading effects of the pandemic on economic and social conditions (Ettman et al., 2020). What is less understood is how and to what degree contact with nature might protect mental health during the pandemic. Understanding whether mental health outcomes appear to be better for those who are able to engage in outdoor activities or have better views of nature from home may provide insights into strategies to improve mental health during crises, such as the COVID-19 pandemic.

Building on several decades of research on the physical and mental health benefits (e.g., cognition, blood pressure, stress, sleep) of contact with nature (Berman et al., 2008; Kuo, 2015; Shanahan et al., 2016; Cox et al., 2017; Frumkin et al., 2017; Taylor et al., 2017), emerging COVID-19 research indicates that contact with nature may also buffer against the stress associated with pandemic conditions, including lockdown (Pouso et al., 2020). Investigators showed that, in Europe, those with a self-reported view of nature from home (green and/or blue space) had lower anxiety and depression, compared to those with self-reported views of built-up areas. Moreover, those who reported lost employment and had lower access to shared outdoor spaces had higher anxiety and depression than other groups. In contrast, evidence from Scotland did not detect associations between spending time in nature and changes in health from pre-lockdown levels (Corley et al., 2021). Likewise, the number of nature interactions was also not associated with loneliness, while living far from nature was in the Netherlands (van Houwelingen-Snippe et al., 2020), suggesting that passive exposure to nature may be important.

Other research has shown increased nature-related activities in and value of nature in the US (Morse et al., 2020) and significant changes in patterns of visiting nature as a result of the COVID-19 pandemic in the UK (Robinson et al., 2021). Not only did frequency of nature-related activities change, but so did the locations, with some research reporting increased usage of nearby or neighborhood natural areas (Randler et al., 2020; Portegijs et al., 2021). Poor quality neighborhood conditions, thus, appear to be important factors in exacerbating mental health disparities during the pandemic (Yang and Xiang, 2021).

Taken together, the emerging research touches upon two primary pathways through which contact with nature is believed to influence health: (1) passive exposure (e.g., visual, auditory) and (2) active exposure (e.g., ability to use the space). Although this emerging research is compelling and involves a large sample size and wide swathe of countries, there are several missing components that would advance our understanding of the role of nature in decreasing the adverse impacts of stress. Research is needed, namely, on the importance of nature contact among low-income populations and communities of color, given the disproportionate impact of COVID-19 on these communities (Abedi et al., 2020; Mackey et al., 2020; Tirupathi et al., 2020), inclusion of data from before and during the pandemic about usage behaviors, and objective quantification of visual contact with nature.

Given this background, this paper addressed the following research questions: (1) did self-reported use and perceived value of nature change during, vs. prior to, the pandemic; (2) did perceived access to outdoor spaces buffer people against mental health issues such as stress, anxiety and depression symptoms; or (3) did objectively measured quality of nature views from home buffer people against mental health issues, taking into account relevant covariates and pandemic experiences (e.g., loss of employment, death of a friend/relative)?



MATERIALS AND METHODS


Ethical Approval

The study was approved by the Michigan State University's Institutional Review Board (IRB Approval #STUDY00000587; date 03/21/2019 and modified for COVID conditions 05/26/2020). Informed consent was obtained in writing from all participants.



Sample, Recruitment, and Retention

This study involves a subset of participants in a larger, longitudinal study of the benefits of park restoration on health (see Pearson et al., 2020 for more details). Sampling for the parent study was conducted in two stages. First, neighborhoods (n = 9) were selected that contain a park not currently maintained by the Detroit Parks and Recreation Department as a conventional park. Second, to recruit participants, we mailed postcards and conducted recruitment activities (e.g., information booths) in each selected neighborhood (defined as 500 m2 with a park as the center). Participants were recruited from within a 16-cell grid (120 m2/cell) around each park. Longitudinal data collection for the parent study is scheduled to occur every May–October until 2023.

In August–October 2019 (late funding led to a truncated field season), field staff visited homes in each study neighborhood to brief potential participants on the study, request participation, and screen for inclusion. We recruited only one English-speaking male or female (≥ 18y) without mobility issues per household, which was at the household's discretion (n = 145 participants). In 2020, however, due to IRB restrictions during the COVID-19 pandemic, no new recruitment took place. Instead, we modified our protocol to collect contactless data. In 2020, we contacted and obtained data for a subset of 86 of the participants from the 2019 wave (52%) from June 15th to July 29th. To retain participants between 2019 and 2020, we employed a set of strategies including: (1) sending holiday cards with neighborhood-level study results; (2) sending birthday cards; and (3) adding news items and updates through the study website (www.stand-detroit.org).



Survey and Anthropometrics

In 2019, a paper survey was given to participants at enrollment, and anthropometrics were taken at a scheduled office health appointment. At the appointment, height was measured twice using a stadiometer (SECA Corp), and weight was measured twice using a scale with bioelectric impedance capability (Tanita TBF-300). Measures were then averaged, and BMI was calculated as a ratio of weight and height (kg/m2). The paper survey was returned during the health appointment.

In 2020, a paper survey was provided in a packet along with a sanitized scale, both placed on a participant's front porch/apartment entry door, while a field staff member waited in a car nearby and watched as the participant retrieved the packet and took their weight on the scale. The participant then phoned or texted their weight and went indoors while the field staff member retrieved and sanitized the scale. Staff returned 3–5 days later to retrieve the paper survey.

Throughout this study, the paper survey was self-administered and completed in the privacy of participants' own homes. The survey included basic demographic data information (age, sex, ethnicity, employment, household composition, length of residence), income, perceptions of the neighborhood (Saelens et al., 2003; Forsyth et al., 2009; Schroeder and Wilbur, 2013; Prouse et al., 2015; Ramos et al., 2016), disease and prescription medication history [National Eye Institute, 2000; Cantor et al., 2009; Audiometry Questionnaire (AUQ), 2018; NHANES, 2018], diet (NHANES, 2010; Nebeling et al., 2017), perceived stress or PSS (Cohen et al., 1983), anxiety and depressive symptoms (Cella et al., 2007; Hays et al., 2009), and attitude toward nature (Nature-relatedness 6, NR-6) (Nisbet and Zelenski, 2013).

In 2020, we also included pandemic-related questions including before and during COVID-19 outdoor physical activities, value of nature, perceived access to nature, and social and economic effects of COVID-19. These questions were registered in the COVID-19 PhenX Toolkit (Community Access module at https://www.phenxtoolkit.org/toolkit_content/PDF/MSU_CWC_Community.pdf). Using a similar approach to Ettman et al. (2020), we generated a “stressor score” which summed all positive agreement for the effects of COVID-19 on life conditions into one value (variables included in Table 1), which ranged from low stressors (0) to high stressors (Ettman et al., 2020) (mean = 1.4, sd = 1.5).


Table 1. Sample demographics and health status in 2019 and 2020.
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Viewshed Analyses

The viewshed, or area visible from participants' homes, was assessed objectively using previously described methods (Nutsford et al., 2015). In brief, we first defined the visibility analysis study area (VASS) as the city boundary of the city of Detroit plus a 12 km buffer. We clipped the VASS using the US/Canada border so that only the area within the US was kept for our analysis, due to data availability (note the clipping did not affect viewshed). A 1 m digital elevation model (DEM) was downloaded from USGS, mosaicked, and clipped to the VASS. To account for the influence of building structures on visibility, building footprint data were downloaded from SEMCOG (https://semcog.org/) and checked against project field maps and Google Earth to make sure building footprints were up to date. Building footprints were then rasterized and added to the DEM to create VASS elevation data. To reduce computation load in visibility analysis, we resampled the VASS elevation data to 3-m resolution. The observer locations were generated from the front door of participants' home locations using building footprints. To locate green space in VASS, we used all parks in the metro-Detroit area, and rasterized them to a 1 m-resolution binary raster where a value of 1 indicated parks. Only parks were used due to concerns that vacant lots vs. parks may have different effects on mental health (Nisbet and Zelenski, 2013). Figure 1 illustrates how the viewshed from a participant's home was assessed using these digital data.


[image: Figure 1]
FIGURE 1. Viewshed analysis process for capturing visibility of greenspace for a participant.


Visibility analysis was conducted in ArcGIS Pro 2.6. The observer offset was set to 1.67 m, which is the average height of participants in our study. To quantify the visibility of parks in viewsheds from a human perspective (Nutsford et al., 2015), we calculated a Vertical Visibility Index (VVI) from each observer location, whereby we accounted for vertical dimensions of visibility (slope, aspect and elevation). The VVI of parks is calculated as the sum of the weighted pixel values of each visible park cell in the viewshed by adjusting for the vertical degrees of visibility between the eye-level of a human and the top and bottom point of each visible park cell. These values were then grouped into tertiles, to represent each 33% higher values in visibility of greenspace in our sample (1 = none or low visibility; 3 = high visibility).



Statistical Analyses

To understand our sample, we first conducted descriptive statistics on the demographics, self-reported effects of COVID-19 on life conditions, and health status of participants, using data from 2019 and 2020. Only data from participants who participated in both years were included in the analysis (n = 86). To assess potential differences in the full sample from 2019 (including those who did not participate in 2020) and the sample from 2020, we conducted t-tests for differences in demographic and health characteristics. We did not detect significant differences in the proportion of females, income, number of children living at home, length of residence, BMI, PSS scores, anxiety or depressive symptoms across the two samples. We did find significantly higher nature-related scores for the full 2019 sample (mean = 3.37 vs. mean = 3.03, p = 0.019) compared to the 2020 sample.

Next, to explore self-reported use and perceived value of nature changes during, vs. prior to, the pandemic, we tested for significant differences in values over time using a paired t-test for continuous data and McNemar's test for paired proportions. We then calculated descriptive statistics on the use and value of nature before (typical month before COVID-19) and during the pandemic (last month) and tested for significant differences using a paired t-test.

To explore whether perceptions of access to and use of nature were associated with mental health measures, we first evaluated correlations between our measures and selected only those with r < 0.6 for model inclusion. Thus, we fitted separate linear regression models for each mental health outcome and included (i) perceived use of neighborhood sidewalks and parks; (ii) perceived accessibility of parks; and (iii) perceived accessibility of sidewalks/shared spaces in the neighborhood. We adjusted for sex, age, married/partner status 2020, stressor score, and the previous year's mental health value (for PSS, anxiety or depression symptoms, respectively).

To explore whether views of greenspace from home were related to mental health outcomes, we first looked descriptively at word clouds of an open response to the survey prompt, “If you have experienced a major stressor in the past 12 months, please let us know what it was,” stratified by whether participants had any view of greenspace from home or none. Next, we fitted separate linear regression models for each of the three mental health outcomes and included visibility of greenspace as the independent variable of interest. These models were adjusted for sex, age, married/partner status in 2020, stressor score, and the previous year's mental health value. We selected this small subset of potential confounders because of the small sample size and due to their well-established associations with mental health (Kessler et al., 2007; Scott et al., 2010). All statistical analyses were performed using Stata v16 (Statacorp, College Station, TX, USA).




RESULTS

The study sample was 83% African American, 57% female, and 53% had an income under $10,000 in 2020. From 2019 to 2020, we observed a significant increase in the percentage married/partnered (15% to 33%), and attitude toward nature (Nature Relatedness 6 (NR-6) scale, 3.0 to 3.3) (Table 1). Unexpectedly, we also observed a significant decrease in perceived stress scores (PSS) (19.8 to 15.8). PSS scores ranging from 14–26 are considered moderate stress. All other demographic and health status measures did not differ significantly over time. In terms of the effects of the pandemic on life conditions, the highest agreement was found for changes in diet, followed by employment stopping and having friends die of COVID-19.


Changes in Self-Reported Use and Value of Nature

When exploring changes in self-reported outdoor physical activities and passive enjoyment of nature before COVID-19 and during the last month (during COVID-19), we observed significant decreases in active transport, riding a bicycle for leisure, walking in the neighborhood for leisure, use of neighborhood sidewalks and parks, use of home-based activity, and smelling rain or plants (Table 2). We observed an average increase in value of nature (mean = 3.4, sd = 1.1, not shown in tabular form) and a significant increase in attitudes toward nature (Table 1).


Table 2. Outdoor physical activity and passive enjoyment of nature pre-COVID and during COVID.
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Perceived Access to Outdoor Spaces as a Buffer Against Poor Mental Health

When evaluating associations between perceived access to nature and mental health, none of the perceived access measures significantly predicted PSS, anxiety or depressive symptoms (Table 3). Being female, older, and having a higher stressor score were significantly associated with higher depressive symptoms. Similar to Table 4 results, PSS, anxiety and depression scores in 2019 all significantly predicted these same outcomes in 2020. We note however that the association for anxiety and depression (in Table 3) is somewhat stronger than for PSS, possibly reflecting the more ‘trait’ like measures of anxiety and depression which tend to remain more stable over time than the more state like measure of PSS which may be more influenced by short-term and recent issues and thus less stable over time.


Table 3. Regression modeling results predicting Perceived Stress Scores (PSS), anxiety, and depression symptoms in 2020, inclusion of perceptions of access to nature.
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Table 4. Regression model results, predicting Perceived Stress Scores (PSS), anxiety and depression symptoms in 2020.
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Nature Views From Home as a Buffer Against Poor Mental Health

When evaluating associations between visibility of greenspace from home and health outcomes, we found that higher visibility of greenspace was associated with higher perceived stress (Table 4 Model 1, β = 1.54, p = 0.079) and anxiety (β = 3.97, p = 0.025). Females also had significantly higher depressive symptoms. Across all three models, the previous year's mental health was a significant predictor of mental health measures in 2020.

Prior to the pandemic, among both those with and without views of greenspace, death and issues with family were common major stressors (Figure 2). After the onset of the pandemic, we can see a clear addition of COVID-19 as a major stressor among those with and without views of greenspace. Those without views of greenspace also showed a clear addition of fear as a major stressor. In contrast, those with views of greenspace had more consistent trends in other major stressors including birth, children, and specific family members (especially mother, brother, and sister).


[image: Figure 2]
FIGURE 2. Word clouds for major stressors in 2019 and 2020, stratified by visibility of greenspace from home.





DISCUSSION

In this predominantly low-income, African American sample, we found that household composition changed during the COVID-19 pandemic. Specifically, the proportion of participants who were married or partnered doubled when comparing conditions prior to and during the pandemic. In addition, the number of children living at home decreased somewhat. It is unclear from the current literature how widespread such changes in household composition are. We also observed a significant decrease in perceived stress. In some respects, the decrease in perceived stress might seem surprising, given that a recent study (65% non-Hispanic whites) showed that depression prevalence during COVID-19 was several-fold higher than prior to the pandemic (Ettman et al., 2020). However, we note first, that perceived stress is not the same as depression symptoms and more reactive to current contexts and situations, and secondly that symptoms of anxiety and depression in a large longitudinal UK cohort also tended to fall over the course of the pandemic as people became more used to the situation (Fancourt et al., 2021). It is therefore possible that the first lockdown (spring 2020) led to some relaxing situations (e.g., less time commuting, ban on evictions and moratorium on water shut-offs) and potentially reduced stress, compared to subsequent waves and on-going pandemic conditions. Other evidence suggests that quality relationships were protective factors for mental health during the pandemic (Pieh et al., 2020). Given the large increase in married/partnered status of our participants, this could contribute to improvements in perceived stress, if such relationships were high quality.

Although participants reported an increase in the value of nature, they also reported decreased contact with nature and/or outdoor physical activity in the form of bicycling or walking in neighborhoods for leisure, active transportation, use of sidewalks and parks, and smelling rain or plants. In contrast to our findings, among a majority white (92%), high-income sample of residents of Vermont, participation in nature-related physical activity increased for many categories (gardening, hiking, jogging, walking, watching wildlife), and that these changes in activity engagement were associated with demographic characteristics (income, sex, employment) (Morse et al., 2020). Likewise, a survey among educated, older, primarily residents of England (96%) found that respondents significantly changed their patterns of visiting nature as a result of the COVID-19 pandemic, whereby people spent more time in nature and visited nature more often during the pandemic (Robinson et al., 2021). Similar to our findings, however, a global study with respondents from 97 countries, restrictions related to COVID-19 found reductions in nature-related leisure activities (e.g., birding) (Randler et al., 2020). Another study also showed lower levels of time spent outdoors (Cindrich et al., 2021). Similar to our findings, another US-based study has also shown increased value of nature since the start of the pandemic (Morse et al., 2020). It is worth noting that our 2020 sample of participants had significantly lower nature-relatedness scores compared to the full 2019 sample.

When evaluating associations between perceptions of access/use of nature and mental health, none of the perceived access/use variables were associated with stress, anxiety or depressive symptoms. Yet, demographics and COVID-19-related stressors were associated with depressive symptoms. We found the most common COVID-19-related stressors were changes in diet, employment stopping, and death of friends from COVID-19. Echoing our findings, a recent study of COVID-19-related stressors and mental health (Ettman et al., 2020) found that exposure to more COVID-related stressors (employment loss, death of a friend or family member, financial problems) was associated with higher risk of depressive symptoms during COVID-19.

When evaluating associations between visibility of nature and mental health, we found significant associations between higher PSS and anxiety and higher visibility of greenspace from home. Compared to the only similar study of its kind to date, Europeans with a self-reported green-blue nature view showed fewer symptoms of depression and anxiety, compared to those with built-up views (Pouso et al., 2020). One of the possible reasons for our finding that higher visibility of greenspaces was associated with poorer mental health is that the quality of the greenspaces within view may be low in these neighborhoods. Specifically, each neighborhood in this study contains an unmaintained park, where the only care is an annual mowing. Therefore, vegetation may be overgrown, usage for conventional purposes may be limited, and these spaces may not promote feelings of relaxation or restoration. Much of the existing research on greenspaces and health during the pandemic involves settings where the quality of parks and their amenities may be much higher. The parent study with which the current analysis is associated will examine the effects of improving park quality on mental health (Pearson et al., 2020).

Other global research noted that nature-based recreation became more directed more toward nearby sites during the pandemic (Randler et al., 2020), and a scoping view recently concluded that the pandemic underscored the importance of accessing green local spaces to engage in physical exercise to improve mental health (Spencer et al., 2020). None of our other measures of access to or use of nature showed significant associations with mental health. Similarly, emerging evidence from older adults in Scotland has also shown that spending time in nature (gardening) during the pandemic lockdown, was not associated with changes in health from pre-lockdown levels (Corley et al., 2021).

Taken together, our results indicate that COVID-19 may serve to prolong or exacerbate mental health issues, rather than create them, in this population and that COVID-19-related stressors on life conditions may exacerbate depressive symptoms. Our findings also suggest that views of nature, on their own, may not protect mental health. Future research is needed to understand whether low quality greenspace may limit the ability for nature view to buffer mental health during the pandemic.


Strengths and Limitations

Strengths of this study include its longitudinal design in low-income, minority populations and ability to collect high-quality data in a timely manner during the pandemic. We obtained multiple mental health measures and objectively measured views of greenspace, utilizing geospatial techniques. However, several limitations warrant discussion.

First, our small sample size (largely due to pandemic conditions) limits our ability to adjust for multiple potential confounders and to detect significant associations. Also, we did not obtain objective measures of stress (e.g., blood pressure) in 2020, due to restrictions on contact with participants. We also did not collect objective measures of physical activity changes over time (including where activities occurred or how frequently) using accelerometers and GPS devices, due to research restrictions during the pandemic and mobility restrictions placed on residents in efforts to control disease transmission. Our visibility analyses are sensitive to designation of the viewpoint. We used the front door of participants' apartments/houses as the viewpoint. However, even though the analysis involves the 360-degree possible viewshed, when using the front door as the viewpoint, views behind the house may be blocked. In reality, the back of the building could be just within a few steps where a park may be visible. In other words, the visibility analysis calculates the visibility from a single observation point, but in reality, participants' viewing locations can vary (e.g., different sides of their home, facing of windows, etc.). There may be seasonality effects that influence our results in two ways. First, the survey included questions about activities and perceptions during the past month and during a typical month pre-COVID. As such, one may have considered November to be a typical month pre-COVID, while the last month during the survey was May 2020. Environmental conditions, including birdsong, may vary during different months of the year. Second, the 2019 study wave was conducted August–October, while the 2020 study wave was conducted June–July, which may affect responses. Last, we only quantified views of parks, rather than all forms of greenspace, including street trees or vacant lots. We decided not to capture all greenspace using metrics such as NDVI because, in theory, we were concerned that vacant lots vs. parks may have different effects on mental health (Sivak et al., 2021). But, given our findings related to the negative effects of visibility of parks on mental health, future research could specifically examine quality of greenspaces within view.



Policy Implications and Future Research

Already researchers are grappling with the ways in which COVID-19 might re-shape the ways we use public spaces, city planning and equity into the future (Honey-Roses et al., 2020). Many countries and regions have begun discussions about pedestrian- or bicycle-centered roads, designation of more city greenspaces, or the funding of “green new deals” focused on pandemic economic recovery in areas that could also improve the natural environment and public health. For example, in New Zealand, in May 2020, the government committed to over a billion dollars for “nature jobs,” including over 10,000 jobs in environmental work, biodiversity and environmental conservation. In Europe, the Green Deal, aimed at improving the economy in ways that better serve people and bolster resilience, had already been adopted at the time of the pandemic. Its implications go beyond environmental regulation and include social justice and public health issues: “[The deal] aims to protect, conserve and enhance the EU's natural capital, and protect the health and well-being of citizens from environment-related risks and impacts. At the same time, this transition must be just and inclusive” (European Commission, 2019). However, both the EU Green Deal and pandemic economic recovery call for thinking about longer term trends, re-thinking hegemonic sources of funding and investment, and fostering global interdependence and governance. Given the findings of our study, it is important for policy makers to consider heterogeneity in the effects of COVID-19, neighborhood characteristics and cascading life conditions based on sex, ethnicity and income. It is important to remember that poor mental health is not a new issue and that efforts to leverage the pandemic's changes to our everyday lives need to consider core causes of marginalization and income inequality, while advancing efforts to improve environmental conditions and access to high quality greenspace, particularly in racially or ethnically minoritized and lower income neighborhoods.
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