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More green, less depressed: Residential greenspace is associated with lower 
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H I G H L I G H T S  

• Nationwide study assessed individual residential greenspace longitudinally. 
• More greenspace around the home linked to less antidepressant medication. 
• Greenspace linked to lower incidence of antidepressant use over time. 
• Immediate greenspace (50 m) notably impacts incident antidepressant use.  
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A B S T R A C T   

The objective of the current study was to investigate, for the first time, the association between individual-level 
residential greenspace and redemption of antidepressant drugs in a longitudinal nationwide population-based 
sample in Sweden. A nationwide population-based sample of adults residing in Sweden was studied during 
2013–2016 (Nindividuals = 108716; Nobservations = 324378). Residential greenspace land cover was assessed via 
high resolution geographic information systems, at 50, 100, 300, and 500 m buffers around individual resi
dences. Antidepressant redemptions were assessed through the Swedish National Prescribed Drug Register. 
Greenspace-antidepressant associations were analyzed using generalized estimating equations (GEE), adjusting 
for demographic, socioeconomic and urban factors. Higher greenspace within 50–500 m residential buffer zones 
was associated with lower levels of prevalent antidepressant redemptions (50 m, odds ratio [OR] 0.878; 100 m, 
OR 0.891; 300 m, OR 0.873; 500 m, OR 0.899), while only greenspace in the 50 m buffer was associated with 
incident antidepressant redemptions (OR 0.853), in covariate-adjusted models. In conclusion, residential 
greenspace is associated with statistically significantly lower prevalent and incident antidepressant medication 
redemptions. The association is particularly salient for greenspace in the closest buffer zone around the resi
dence. The results underscore the importance of green infrastructure and greenspace in the immediate 
residential-surrounding environment for mental health, and further point towards the need for an environmental 
psychiatry framework, and the importance of integrating health and environmental policies, urban planning and 
greening.  
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1. Introduction 

Depression is the most common mental disorder worldwide, and by 
2030 is predicted to be the leading cause of disability in high-income 
countries (Mathers & Loncar, 2006). It is estimated that more than 
300 million people suffer from depression at any time point, with a point 
prevalence estimated to ca 4.4–5 % of the world’s population (Ferrari 
et al., 2013; Liu et al., 2020; World Health Organization, 2017). 
Depression is associated with substantial costs for afflicted individuals 
and society, e.g. in the form of sickness absence, lost productivity, health 
care and prescribed medications, as well as individual suffering (Ekman, 
Granström, Omérov, Jacob, & Landén, 2013; Greenberg, Fournier, 
Sisitsky, Pike, & Kessler, 2015; OECD, 2013, 2021; Swedish Social In
surance Agency, 2016, 2020; World Health Organization, 2017). 

In Sweden, the lifespan prevalence of depression is 15–18 % among 
the adult population (Malhi & Mann, 2018; Public Health Agency of 
Sweden, 2020), and pharmacotherapy with antidepressants is generally 
the first line of treatment for mild to severe depression, with 12–14 % of 
women and 6–7 % of men being prescribed antidepressant drugs during 
2015–2020 (National Board of Health Welfare, 2021a, 2021b; National 
Institute for Clinical Excellence, 2009). Health care as well as pre
scription drugs, including antidepressants, are heavily subsidized and 
affordable for Swedish residents, as regulated by the public health in
surance system, and the Swedish Pharmaceutical Benefits Scheme, thus 
facilitating equity in the access to healthcare and prescription drugs 

(Glenngård, 2020). However, antidepressants have been reported to be 
associated with some side effects, compromised compliance (Kelly, 
Posternak, & Jonathan, 2008), and a considerable proportion of patients 
with major depressive disorders exhibiting a lack of benefit or only a 
partial response to this kind of treatment (De Carlo, Calati, & Serretti, 
2016; Khan & Brown, 2015). Considering the substantial burden of 
depression at the individual and societal level, identifying and targeting 
modifiable factors for prevention and treatment of depression is thus 
imperative. 

Depressed mood and loss of interest or pleasure are core symptoms of 
major depressive disorders, in which additional common symptoms 
include anxious distress, decreased energy, feelings of guilt or low self- 
worth, disturbed sleep or appetite, and cognitive problems including 
poor concentration (American Psychiatric Association, 2016; Malhi & 
Mann, 2018; World Health Organization, 2017). Furthermore, experi
encing low mood and ruminative thinking are some of the risk factors for 
incident major depression (Nolen-Hoeksema, 2000; Nolen-Hoeksema, 
Wisco, & Lyubomirsky, 2008; Yasinski, Hayes, & Laurenceau, 2016). 
The frequency and severity of core symptoms like low mood can be seen 
on a continuum from infrequent and mild to chronic and severe with an 
impact on functioning in daily life, corresponding to a continuum from 
no depression to mild, moderate and severe depression (Keyes, 2002; 
Patel et al., 2018). 

Importantly, a growing body of research have found that exposures 
to natural environments and notably greenspace—i.e. vegetation like 

Fig. 1. Conceptual model summary of potential mechanisms in terms of salubrious ecosystem service pathways of greenspace supporting human mental health, 
directly and indirectly, considering what may be classified as different types of “cultural services”, including a) psychobiological effects; b) existential; c) health 
behaviors, and pro-environmental behaviors; and environmental regulatory, provisional and supportive services, including e.g. d) buffering against negative impacts of 
other hazardous environmental exposures; and e) contribution to climate change mitigation and environmental sustainability, in turn affecting human health and 
wellbeing. The model may guide future directions in research and policy, and the development of a proposed environmental psychiatry framework. NB: The figure is 
non-exhaustive. There are additional provisional, supportive and regulatory ecosystem services that are not described in this conceptual figure. 
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forests, parks, street trees, and other foliage—can have positive effects 
on several aspects of human mental wellbeing and health (Bratman 
et al., 2019; Jimenez et al., 2021; World Health Organization, 2016). A 
conceptual summary of some of the different pathways through which 
greenspace may affect human mental health is given in Fig. 1. Specif
ically, several of the domains of mental health which are implicated in- 
and are precursors of depression, are also positively affected by nature 
contact. Experimental and observational studies (i.e. assessing 
momentary exposures and effects) have found that nature contact 
consistently increase affective wellbeing in terms of increasing positive 
affect and decreasing negative affect (McMahan & Estes, 2015; White, 
Pahl, Wheeler, Depledge, & Fleming, 2017); that nature exposures can 
lower psychological and physiological dimensions of stress (Hunter, 
Gillespie, & Chen, 2019; Jiang, Larsen, Deal, & Sullivan, 2015; Ulrich, 
1991); decrease ruminative thinking (Bratman, Hamilton, Hahn, Daily, 
& Gross, 2015; Lopes, Lima, & Silva, 2020); improve sleep (Shin, Parab, 
An, & Grigsby-Toussaint, 2020; Stenfors, Stengård, Magnusson Hanson, 
Kecklund, & Westerlund, 2023); and improve cognitive restoration and 
cognitive performance (Kaplan, 1995; Stenfors et al., 2019; Stevenson, 
Schilhab, & Bentsen, 2018). Furthermore, greenspace can support 
physical and social activities, which can enhance mental health, and 
may contribute to prevent and alleviate depression in particular 
(American Psychological Association, 2019; Gartlehner et al., 2017). 
Thus, greenspace availability in people’s living environment may have 
important implications for affective mental health and contribute to the 
prevention and alleviation of depressive problems and the need for an
tidepressant medication (World Health Organization, 2016). 

Greenspace in the immediate residential surroundings may be 
particularly important for mental health (Labib, Lindley, & Huck, 2020), 
as this facilitates automatic continuous exposure and benefits thereof in 
every-day life, via the immediate effects that nature exposure can have 
on multiple dimensions of psychological well-being and functioning as 
described above (e.g. Bratman et al., 2019; Markevych et al., 2017), as 
well as via shielding against environmental stressors like noise pollu
tion, air pollution and heat (Marando et al., 2022; Nieuwenhuijsen, 
Khreis, Triguero-Mas, Gascon, & Dadvand, 2017; UNECE, 2021). 
Greenspace further plays a crucial role in supporting environmental 
resilience and planetary health—constituting fundamental bases for 
human livelihood and wellbeing—by providing a range of ecosystem 
services, including mitigation of climate change and its negative con
sequences, and the loss of biodiversity (UNECE, 2021). Ecosystem ser
vices that support human livelihood and wellbeing have thus been 
broadly categorized into provisioning, regulating, supporting, and cul
tural services (Millennium Ecosystem Assessment, 2005). 

However, with rapid urbanization and densification, and ca 70–80 % 
in upper-middle and high income countries living in urban regions 
(United Nations, 2019), the risk of greenspace loss and lacking green
space in peoples’ living environments may increase, with negative 
consequences for human health and environmental sustainability 
(Haaland & van Den Bosch, 2015; UNECE, 2021; World Health Orga
nization, 2016). The role of greenspace exposure for population mental 
health hence needs to be understood and adequately integrated in urban 
development and public health policies. However, there is still a scarcity 
of large population-based studies that have: a) investigated high reso
lution, “egocentric” residential greenspace—i.e. based on the individual 
address coordinate, rather than based on e.g. neighborhood block or 
postcode area—and have done so at the individual “body scale”, which 
concern the immediate vicinity surrounding the individual, and b) 
investigated this in relation to mental health (Klein, Lindfors, Osika, 
Magnusson Hanson, & Stenfors, 2022; Stenfors et al., 2023) and objec
tive measures of poor affective health (Gonzales-Inca et al., 2022; Labib 
et al., 2020). No such study exists on objective antidepressant re
demptions in Sweden. Objective data on antidepressant redemptions 
provide information on whether an individual has redeemed antide
pressant medication (i.e. taken out their prescription medication from a 
pharmacy) which has been prescribed to them by a medical doctor. This 

provides a solid indicator that the individual was diagnosed as needing 
antidepressant treatment and also redeemed their medication. 

Prior epidemiological studies on greenspace and antidepressants or 
depression diagnosis have mainly assessed aggregated area-level 
greenspace and area-level health outcomes, and not egocentric and in
dividual body scale exposure and health, with variable findings. Some 
studies found links between higher levels of residential greenspace and 
lower depression rates (Gonzales-Inca et al., 2022; Sarkar, Webster, & 
Gallacher, 2018), and antidepressant medication rates (Helbich, Klein, 
Roberts, Hagedoorn, & Groenewegen, 2018; Marselle et al., 2020; 
Taylor, Wheeler, White, Economou, & Osborne, 2015), while other 
studies investigating general greenness or greenspace at the neighbor
hood, district or city level, observed no associations or mixed results for 
mental health outcomes, including medication prescriptions for mental 
health conditions (Astell-Burt, Navakatikyan, Eckermann, Hackett, & 
Feng, 2022; Roberts, Irvine, & McVittie, 2021; White et al., 2017). The 
variable findings across prior epidemiological studies may be due to 
methodological aspects, including greenspace assessments varying in 
the type of greenspace cover included and the level of aggregation and 
specificity of greenspace measures in relation to the individual’s actual 
point of residence (use of area-level measures rather than being based on 
individual addresses)—which raises the modifiable areal unit problem 
and prevents evaluation of individual exposure in the immediate resi
dential surroundings—as well as context, size and generalizability of 
study samples (Labib et al., 2020). That is, with the use of larger zones, 
and aggregated area-level measures of residential greenspace (i.e. based 
on the area of residence, such as living in a certain block, postcode area, 
district or city), rather than being based on individual addresses, un
certainty increases with regard to the individual’s actual exposure to 
residential greenspace, which has been described as the modifiable areal 
unit problem in greenspace assessment, and prevents evaluation of in
dividual exposure in the immediate residential surroundings (Labib 
et al., 2020). 

Thus, the aim of the present study was to conduct a fine-grained 
assessment of the role of the individual residential-surrounding green
space within different buffer zones, from the immediate body scale to 
the neighborhood scale (i.e. within 50 m, 100 m, 300 m and 500 m of the 
home), for antidepressant redemptions, in a nation-wide population- 
based sample of adults in Sweden. 

2. Methods 

2.1. Data and population 

The study was conducted on a nationwide population-based sample 
of adults in Sweden, investigating prospective longitudinal associations 
between residential greenspace and antidepressant prescription re
demptions during the years from 2013 to the end of 2016. The study 
sample include adults in the Swedish Work Environment Survey (SWES) 
samples (1989–2013) (Magnusson Hanson et al., 2018) residing in 
Sweden 2013–2016 (N = 108716 individuals; 324,378 observations). 
The SWES samples are based on respondents to the Swedish Labor Force 
Survey conducted biennially by Statistics Sweden on stratified random 
samples of the Swedish work force. The SWES samples are representa
tive of the work force in Sweden at inception and are studied longitu
dinally regardless of work status via national registers (for further 
information, see e.g. Magnusson Hanson et al., 2018). 

2.2. Variables 

2.2.1. Residential greenspace 
High-resolution land cover characteristics were assessed via 

geographic information systems to measure the proportion of land 
covered by any greenspace around individual residential address co
ordinates (i.e. egocentric assessment), from the individual body scale to 
the neighborhood scale. The greenspace land cover thus includes both 
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public and private greenspace, such as gardens, street trees and pocket 
parks—which may be especially important contributors to greenspace 
cover in the close residential surroundings (Statistics Sweden, 2018)— 
and not only publicly available coherent greens areas which constitute 
only part of all greenspace in the residential context. The proportion of 
greenspace land cover was assessed within 50 m, 100 m, 300 m, and 500 
m egocentric euclidean buffer zones around individuals’ homes, for each 
respective year (i.e. the proportion of greenspace land cover in m2 out of 
the total area in m2, within the respective buffer zones), following a 
similar methodology as reported in prior research (Klein et al., 2022; 
Stenfors et al., 2023). Land use data are based on Sentinel-2 multi
spectral satellite imagery with a 10 x 10 m resolution (from the Euro
pean Space Agency, taken during the summer months with the most 
vegetation foliage, May-August), further refined in the resolution of land 
cover classification of greenspace through multiple additional layers of 
land cover mapping data from the Swedish mapping, cadastral, and land 
registration authority, the Swedish Transport Administration, and the 
Swedish Board of Agriculture, on land covered by built structures, road 
and rail networks, and water bodies (see Statistics Sweden, 2019). This 
means that the resolution of the greenspace land cover data is at least 
10x10m, but the resolution will often be higher (more detailed) 

Greenspace assessments at the individual body scale have been 
defined as the zone up to 100 m surrounding the individual, conferring 
an exposure scale with greater acuity with regard to actual residential 
greenspace exposure, since this is not dependent on individual mobility 
behavior (Labib et al., 2020; Stenfors et al., 2023). Larger egocentric 
buffer zones of 500 m have instead been considered assessments at the 
neighborhood scale, where uncertainty increases regarding actual 
exposure as the individual may not spend their time where the green
space is (Labib et al., 2020). The individual greenspace measures in the 
present study thus range from the body scale (i.e. environment within 
0–100 m radius of the individual) up to the neighborhood scale (500 m). 

2.2.2. Antidepressant medication 
Antidepressant prescription drug redemptions were assessed through 

the Swedish National prescribed drug Register, and was operationalized 
as redeeming any antidepressant prescription drug (code N06A, in the 
Anatomical Therapeutic Chemical [ATC] classification system) during 
each of the respective years 2013, 2014, 2015 and 2016, coded into a 
dichotomous variable for each respective year (1 = redemption of an
tidepressants during the year, 0 = no redemption of antidepressants 
during the year). In Sweden, patients can redeem a maximum of 90- 
days’ supply of continuous use prescription drugs per fill, as included in 
the Swedish Pharmaceutical benefits scheme. 

2.2.3. Control variables 
Information on individuals’ age, sex, annual income, education level, 

work status (being gainfully working with a salary, or not), family sit
uation (marital/partnership status; having children living at home), and 
type of municipality of residency was obtained through national 
Swedish administrative registers, including the longitudinal integration 
database for health insurance and labour market Studies, and labour 
market Statistics, Statistics Sweden. Neighborhood level socioeconomic 
status was operationalized as the average annual net income level of 
adult residents living within a 500 m buffer zone of a participants’ 
residential address. Income variables are given in hundreds of Swedish 
crowns (SEK) (1 Euro≈ 9.36 SEK in 2015, The Central Bank of Sweden). 
The type of residential location was considered in terms of being located 
in a metropolitan/big city region, medium sized city area, or small city 
area, based on the municipality classifications by the Swedish Associa
tion of Local Authorities and Regions (SALAR, 2021). Neighborhood 
safety was considered in terms of living in a socially vulnerable area (i.e. 
an area with a high crime burden and low socioeconomic status), ac
cording to the classifications made by the department of National op
erations (NOA) of the Swedish Police Authority (The Swedish Police 
Authority, 2015, 2017). Air pollution in terms of annual average 

nitrogen oxide (NOx) levels were estimated for residential coordinates 
with a high spatiotemporal resolution methodology, as described in 
prior research (Segersson, Asker, & Bennet, 2021) 

2.3. Statistical analyses 

To test the associations between greenspace and prevalent versus 
incident antidepressant medication redemption, binomial Generalized 
Estimating Equations (GEE) models (e.g. Rabe-Hesketh & Skrondal, 
2008), with an unstructured covariance matrix (the least restrictive 
matrix), were conducted in Stata 17. Results are reported in terms of 
odds ratios (OR) and 95 % confidence intervals (CI). Analyses of prev
alent antidepressant redemptions includes all individuals with antide
pressant redemptions during the study period. Analyses of incident 
antidepressant redemptions only include individuals with no antide
pressant redemptions during the baseline year, with the cases in the 
analyses constituting new cases during the study period. The models 
were structured with a time-lag, such that for the models on prevalent 
antidepressant redemptions, three timepoints (2014, 2015, 2016) were 
used for the outcome variable, and the residential exposures and cova
riates were based on the current individual residential address coordi
nate at the time before the start of the follow-up year of medication 
redemption (i.e. at the end of the years 2013, 2014 and 2015). The 
following models (M) were tested for each buffer zone (50 m, 100 m, 
300 m and 500 m), sequentially adding covariates as follows: 

M1: greenspace, unadjusted; 
M2: greenspace, adjusted for age, gender, education, working status, 
individual income; 
M3, greenspace, adjusted for family situation (being married/living 
with a partner, having children living at home), neighborhood in
come, living in a socially vulnerable area, NOx, and municipality 
type, in addition to M2 covariates. 

In additional analyses on incident antidepressant redemptions, 
models 1–3 were re-run after a more restricted precondition was set, 
excluding those who had redeemed antidepressant medication during 
the baseline year of 2013. This resulted in a restricted sample of 98,727 
individuals (and a total of 294,788 observations) for examining the as
sociation between residential greenspace and incidence of antidepres
sant redemptions during the follow-up period, using the same sequential 
addition of covariate-adjustment. 

In additional sensitivity analyses, the prospective associations be
tween complimentary residential greenspace metrics and prevalent 
versus incident antidepressant redemptions were tested. Specifically, in 
these analyses, the proportion of greenspace in the following respective 
zones around the residence were tested: 1) the zone from 50 m to 100 m 
radius, 2) the zone from 100 m to 300 m radius, and 3) the zone from 
300 m to 500 m radius around the individual home. 

The data analyses were conducted using Stata version 17, 16.1 and 
SPSS 27. 

The results were reported following the STrengthening the Reporting 
of OBservational studies in Epidemiology (STROBE) Recommendations 
(von Elm et al., 2008). 

2.4. Ethics statement 

The current study was approved by The Swedish Ethical Review 
Authority. The research was performed in accordance with the Decla
ration of Helsinki and all participants provided informed consent. 

3. Results 

Table 1 displays descriptive statistics for the covariates, outcome and 
exposure variables. 

Across all the observations in the study sample 2013–2016, 10.1 % 
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were of cases with antidepressant redemptions; 52 % were of women; 
38.6 % of those with university education/higher education; 72.4 % of 
gainfully working; 65.6 % of married/living with partner; 61.3 % of 
those with no children living at home; and 29.6 % of observations from 

those living in metropolitan/big city regions, 40.2 % living in medium- 
size city regions, and 30.2 % in small cities. 

Zero-order associations between the covariates and antidepressant 
redemptions vs. residential greenspace are presented in supplementary 

Table 1 
Descriptive statistics for study variables, and by antidepressant redemptions.   

Total Antidepressant drug redemption   
Non-cases Cases 

Covariates Frequency (%) Freq. (row %) Freq. (row %) 
Total number of observations 324 378 (100) 291 691 (89.9) 32 687 (10.1) 
Sex    
Men (0) 155 715 (48.0) 145 240 (93.3) 10 475 (6.7) 
Women (1) 168 663 (52.0) 146 451 (86.8) 22 212 (13.2)  

Education    
Upper secondary education or less (0) 199 070 (61.4) 178 854 (89.8) 20 216 (10.2) 
Higher education (1) 125 308 (38.6) 112 837 (90.1) 12 471 (10.0)  

Work status    
Non-working (0) 89 474 (27.6) 77 608 (86.7) 11 866 (13.3) 
Working (1) 234 904 (72.4) 214 083 (91.1) 20 821 (8.9)   

Mean/SD Mean/SD Mean/SD 
Age 56.6/12.5 56.5/12.5 57.6/12.6  

Individual income, quintiles (Q) Q, max-value† Freq. (row %) Freq. (row %) 
Q1 1722 55 424 (85.4) 9 496 (14.6) 
Q2 2420 56 659 (87.3) 8 266 (12.7) 
Q3 2980 58 935 (90.9) 5 899 (9.1) 
Q4 3789 59 995 (92.5) 4 837 (7.5) 
Q5 535,922 60 678 (93.5) 4 189 (6.5)  

Neighbourhood income, quintiles (Q) Q, max-value† Freq. (row %) Freq. (row %) 
Q1 2123 57 848 (89.0) 7 174 (11.0) 
Q2 2368 58 100 (89.6) 6 782 (10.5) 
Q3 2620 58 172 (89.8) 6 633 (10.2) 
Q4 3028 58 590 (90.3) 6 271 (9.7) 
Q5 142,843 58 981 (91.0) 5 827 (9.0)  

Married/partner Freq. (%) Freq. (row %) Freq. (row %) 
Single (0) 111 505 (34.4) 97 680 (87.6) 13 825 (12.4) 
Married/cohabiting (1) 212 873 (65.6) 194 011 (91.1) 18 862 (8.9)  

Children living at home    
No (0) 198 786 (61.3) 177 454 (89.3) 21 332 (10.7) 
Yes, children (1) 125 592 (38.7) 114 237 (91.0) 11 355 (9.0)  

Living in a socially vulnerable area    
No (0) 318 115 (98.1) 286 130 (89.9) 31 985 (10.1) 
Yes (1) 6 263 (1.9) 5 561 (88.8) 702 (11.2)  

Municipality type    
Big city region 96 002 (29.6) 86 299 (89.9) 9 703 (10.1) 
Medium city region 130 520 (40.2) 117 220 (89.8) 13 300 (10.2) 
Small city region 97 856 (30.2) 88 172 (90.1) 9 684 (9.9)  

NOx, median Median (IQR) Freq. (row %) Freq. (row %) 
Lower median 6.5 (3) 147 048 (90.3) 15 869 (9.7) 
Higher median 16 (11) 144 643 (89.6) 16 818 (10.4) 
Total 9.5 (9.5) NA NA  

Residential greenspace variables (proportion land cover, 0–1)  
Greenspace buffer zone Mean/SD/Min-Max 
50 m 0.572/0.194/0–0.974 
100 m 0.577/0.188/0–0.974 
300 m 0.575/0.179/0.010–0.974 
500 m 0.570/0.174/0.008–0.974 
† Note: Individual and Neighborhood income are categorized into quintiles for each wave. The last wave is presented here. IQR = interquartile range.  
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table S1. Characteristics associated with a statistically significantly 
lower prevalence of antidepressant drug redemptions were: being 
gainfully working, having a higher individual income, living in a 
neighborhood with a higher income, being married or living with a 
partner, having children living at home, and being male (Table S1). 
Characteristics associated with having less residential greenspace were: 
being single, not having children living at home, having a higher edu
cation, being female, living in a big city region, having a higher exposure 
to air pollution, and living in a socially exposed area (Table S1). 

Tables 2 and 3 present zero-order and covariate-adjusted results from 
the generalized estimating equations on the prospective associations 
between residential greenspace (within 50 m, 100 m, 300 m, and 500 m 
buffer zones) and prevalent (Table 2) versus incident (Table 3) antide
pressant drug redemption. Odds ratios represent the change in the risk of 
antidepressant redemptions associated with a one-unit increment in the 
proportion of greenspace land cover (0–1). A higher proportion of res
idential greenspace land cover, in 50 m, 100 m, 300 m, and 500 m 
residential buffer zones, was associated with significantly lower preva
lent antidepressant prescription drug redemptions, in the unadjusted 
(50 m, OR 0.794; 100 m, OR 0.806; 300 m, OR 0.799; 500 m, OR 0.823) 
and fully covariate-adjusted models (50 m, OR 0.878; 100 m, OR 0.891; 
300 m, OR 0.873; 500 m, OR 0.899). 

In the analyses on incident antidepressant redemptions (where only 
individuals without antidepressant redemptions at baseline were fol
lowed up), higher residential greenspace in the 50 m, 100 m and 300 m 
buffer zones, but not 500 m, was associated with significantly lower 
incidence of antidepressant redemptions across the follow-up period, in 
the unadjusted models (50 m, OR 0.803; 100 m, OR 0.836; 300 m, OR 
0.854; 500 m, OR 0.900, p > 0.05). In the fully covariate-adjusted 
models, only greenspace in the 50 m buffer zone was associated with 
significantly lower incidence of antidepressant redemptions (50 m, OR 
0.853). 

The additional sensitivity analyses of the proportion of greenspace in 
the zones from 50-100 m, from 100-300 m, and from 300-500 m, in 
relation to prevalent and incident antidepressant redemptions, showed 
that the effects of greenspace in the zones beyond the 50 m buffer zone 

were attenuated in comparison with the 50 m buffer zone (i.e. green
space in the residential zone within a 50 m radius), and attenuated with 
increasing distance from the home (Table S4). That is, the most robust 
effect was observed for greenspace within 50 m radius of the home, and 
in relation to incident antidepressant redemptions. The weakest 
greenspace-antidepressant association was observed for greenspace in 
the zone from 300 m to 500 m radius of the home, i.e. the most distant 
zone, for which no association was observed in relation to neither 
prevalent nor incident antidepressant redemptions in the covariate- 
adjusted models (Table S4). 

In sum, across the analyses, the associations between residential 
greenspace and prevalent versus incident antidepressant redemptions 
generally attenuated with increasing distance of the buffer zone from the 
home, with the most robust association seen for the closest zone, and the 
weakest (or no) association seen for the most distant zone. 

Complimentary results for greenspace effects associated with every 
10-percentage points increment in greenspace land cover are additionally 
presented in the appendix, for the interested reader (Tables S2-S3, and 
Table S4-S5). These show the associations in terms of the change in the 
risk of prevalent vs. incident antidepressant redemptions that is associ
ated with every 10-percentage points increment in greenspace land 
cover (Tables S2-S3, and Table S4-S5). 

4. Discussion 

This is, to our best knowledge, the first nation-wide population-based 
study in Sweden, and internationally, to examine the role of individual- 
level high-resolution residential greenspace at different proximities 
(incl. the immediate residential surrounding, within 50 m), for prevalent 
and incident antidepressant drug redemptions. 

Having higher levels of greenspace within 50–500 m buffer zones of 
the home, was associated with lower levels of prevalent antidepressant 
medication redemptions, after controlling for individual and neighbor
hood characteristics. Greenspace associations with prevalent antide
pressant redemptions were attenuated especially for the most distant 
buffer zone (500 m). In the sensitivity analyses testing greenspace only 

Table 2 
Residential greenspace associations with prevalent antidepressant prescription drug redemption. Results are presented in odds ratios (OR) and 95% confidence 
intervals.   

Greenspace buffer zone  
50 m 100 m 300 m 500 m 

Model (M) OR (95 % CI) p OR (95 % CI) p OR (95 % CI) p OR (95 % CI) p 

M1 .794 (.733; .860)  <0.001 .806 (.743; .874)  <0.001 .799 (.732; .872)  <0.001 .823 (.756; .908)  <0.001 
M2 .805 (.742; .873)  <0.001 .816 (.751; .888)  <0.001 .807 (.737; .882)  <0.001 .834 (.760; .918)  <0.001 
M3 .878 (.807; .955)  0.003 .891 (.818; .971)  0.009 .873 (.796; .957)  0.004 .899 (.815; .990)  0.030 
M1: Residential greenspace, unadjusted model 
M2: M1 + age, gender, socioeconomic factors, individual level (annual income, education level, work status) 
M3: M2 + family status (partnership status, parental status), neighbourhood level characteristics (mean annual income, living in a socially vulnerable area, NOx levels, municipality 

type) 
Results are presented in the odds ratios (OR) and 95 % confidence intervals, associated with an increment in greenspace land cover proportion of 0–1. 
Nobservations = 324378; Nindividuals = 108716  

Table 3 
Residential greenspace associations with incident antidepressant prescription drug redemption (i.e. only individuals without antidepressant prescription drug 
redemption during the baseline year 2013 are followed up). Results are presented in odds ratios (OR) and 95% confidence intervals.   

Greenspace buffer zone  
50 m 100 m 300 m 500 m 

Model (M) OR (95 % CI) p OR (95 % CI) p OR (95 % CI) p OR (95 % CI) p 

M1 .803 (.698; .922)  0.002 .836 (.726; .963)  0.013 .854 (.736; .992)  0.039 .900 (.772; 1.051)  0.185 
M2 .824 (.717; .948)  0.007 .856 (.742; .987)  0.033 .868 (.746; 1.009)  0.065 .913 (.781; 1.068)  0.255 
M3 .853 (.735; .990)  0.037 .890 (.765; 1.035)  0.128 .888 (.759; 1.040)  0.137 .924 (.785; 1.087)  0.337 
M1: Residential greenspace, unadjusted model 
M2: M1 + age, gender, socioeconomic factors, individual level (annual income, education level, work status) 
M3: M2 + family status (partner status, parental status), neighbourhood level characteristics (mean annual income, living in a socially vulnerable area, NOx levels, municipality type) 
Results are presented in odds ratios (OR) and 95 % confidence intervals, associated with an increment in greenspace land cover proportion of 0–1. 
Nobservations = 294788; Nindividuals = 98727 (participants with antidepressant redemptions during the baseline year are excluded)  
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within the zone from 300-500 m radius of the home, greenspace in this 
zone was not associated with neither prevalent nor incident antide
pressant redemptions in the fully covariate-adjusted models. Investi
gating greenspace associations with incident antidepressant drug 
redemptions, greenspace in the buffer zones 50 m to 300 m, but not 500 
m, was associated with lower incident antidepressant redemptions in the 
unadjusted models, with attenuating associations with increasingly 
distant buffers. However, only greenspace in the closest residential 
surrounding, in the 50 m buffer zone, was associated with lower incident 
antidepressant redemption in the fully adjusted model. A similar pattern 
of results was observed in the sensitivity analyses investigating green
space in the zones around the residence from 50-100 m, 100–300 m, and 
from 300-500 m. The findings thus highlight the importance of green
space in the immediate residential-surrounding environment for mental 
health, such as depression. In the close residential surroundings, private 
gardens, street trees and pocket parks constitute important contributors 
to the general greenspace cover (Statistics Sweden, 2019). 

The current longitudinal population-based study thus adds novel and 
important empirical bases to inform policy and urban planning, as large 
scale and nationwide population-based studies that have examined 
residential greenspace and antidepressant redemptions at such a fine- 
grained individual level have yet been lacking, in Sweden and 
internationally. 

The findings are consistent with some earlier epidemiological studies 
which found that higher residential greenspace is associated with better 
mental health outcomes, including a recent study in Sweden which 
found that higher greenspace specifically in the immediate residential 
surrounding was associated with better self-reported mental health 
(Klein et al., 2022). Furthermore, higher residential greenspace (within 
100 m) was associated with lower risk of diagnosed depression in a 
recent longitudinal Finnish cohort (i.e. participants residing in Finland), 
in line with the results of the current study (Gonzales-Inca et al., 2022). 

Area-level general greenness (i.e. normalized difference vegetation 
index for the whole catchment area of residential dwellings) was found 
to be associated with lower area-level depression rates in a large study of 
adult participants (n = 94879) across the UK by Sarkar et al. (2018). 
However, this study included no data on individual exposures and 
health outcomes (Sarkar et al., 2018). Higher greenspace was associated 
with lower antidepressant redemptions at the municipality level in a 
Dutch study (n = 400 municipalities) (Helbich et al., 2018), and higher 
density of street trees around the home location (at 100 m buffer) was 
associated with lower antidepressant redemptions in the city of Leipzig, 
Germany (Marselle et al., 2020) and in London, where boroughs with 
more street trees had lower antidepressant dispense rates at the borough 
level (Taylor et al., 2015). However, some epidemiological studies did 
not find beneficial associations between residential greenspace and af
fective health outcomes (Astell-Burt et al., 2022; Roberts et al., 2021; 
White et al., 2017). For example, in a population study of greenspace 
across an extended neighborhood area (1,6 km buffer) and mental 
healthcare expenditures (incl. prescriptions), no beneficial associations 
were found between the greenspace indicators (tree canopy and open 
grass) and antidepressants (Astell-Burt et al., 2022). Furthermore, in a 
large-scale population-based study across Scotland by Roberts et al. 
(2021) where greenspace and mental health prescription rates were 
studied at the aggregate level of whole settlements/urbanized areas, 
higher greenspace was found to be associated with less mental health 
prescriptions only among socioeconomically deprived settlement areas 
(Roberts et al., 2021). 

Importantly, none of these prior studies assessed total greenspace in 
the individual, immediate, residential surrounding of participants, 
longitudinally in relation to antidepressant redemptions, and mainly 
used only area-level greenspace measures (i.e. at city, district, borough, 
neighborhood level, or using large buffer zones) and outcome data. The 
lack of individual-level precision of residential greenspace exposure 
introduces uncertainty of actual residential greenspace exposure and 
some inconsistent findings of prior studies may partly stem from such 

limitations (Labib et al., 2020). That is, for greenspace beyond the im
mediate surroundings of the home, individual exposure to the green
space will depend on additional behavioral factors like the level of 
physical activity and greenspace visits (Labib et al., 2020). 

The present study thus adds important novel results and underscore 
that closeness matter, as greenspace in the closer, most immediate res
idential surrounding (50–100 m) was most robustly associated with 
lower antidepressant redemptions. Green structure in the immediate 
residential surrounding thus also needs to be considered in urban policy 
and development. 

Possible mechanisms and pathways through which residential greenspace 
may affect mental health 

There are several reasons for the special importance of greenspace in 
the immediate residential surrounding. Individuals are likely to be 
automatically exposed to this greenspace on a daily basis when spending 
time at or around the home, facilitating a repeated and cumulative 
exposure to greenspace that is more independent of individual mobility 
(i.e. actively seeking out greenspaces) (Labib et al., 2020; Markevych 
et al., 2017). Furthermore, greenspace in the immediate surroundings 
may benefit brain health via multiple salubrious ecosystem service 
pathways with effects on several psychobiological dimensions of well
being and health that are important for prevention and alleviation of 
depressive symptoms. These pathways broadly include a) psychobio
logical restorative effects; b) existential; c) health behaviors; d) buff
ering against negative impacts of other hazardous environmental 
exposures; and e) contributing to climate change mitigation and envi
ronmental sustainability. See Fig. 1 for a conceptual summary model. 

Several influential theories focus on evolutionary explanations for 
the positive impact of nature, such as greenspace, on well-being, 
including the biophilia hypothesis, stress reduction theory (Ulrich, 
1991; Wilson, 1984), prospect-refuge theory (Appleton, 1975/1996), 
and theories of “connectedness” to nature (Baxter & Pelletier, 2019; F. S. 
Mayer, C. M. Frantz, E. Bruehlman-Senecal, & K. Dolliver, 2009). These 
theories posit e.g. that humans’ affinity for and responses to natural 
environments and stimuli are the result of adaptively evolving in such 
environments. Especially environments and stimuli which signal the 
presence of resources for survival (e.g. vegetation, water, shelter, raw 
material), while threat is low, should elicit positive effects on affect and 
stress reduction (Appleton, 1975/1996; Ulrich, 1991; Wilson, 1984). 
Environmental settings conferring both prospect and refuge, i.e. feeling 
sheltered and secure while also having a view, are also expected to be 
preferred and contribute to psychological wellbeing (Appleton, 1975/ 
1996). Attention restoration theory (Kaplan, 1995) further posits that 
natural environments and stimuli can improve executive (“directed”) 
attention by facilitating rest and replenishment of these effortful 
cognitive processes via stimulating bottom-up attention, providing a 
form of positive distraction, and “stilling of the mind” (Stenfors et al., 
2019). 

Psychobiological restorative and boosting effects (a) have also been 
observed in prior empirical research, including improvements in affect 
(McMahan & Estes, 2015), reduced rumination (Bratman et al., 2015; 
Lopes et al., 2020), reduced psychological and physiological stress 
(Hunter et al., 2019; Jiang et al., 2015), including reduced allostatic 
load and improved immune function biomarkers (associated with resi
dential greenspace) (Beurel, Toups, & Nemeroff, 2020; Egorov et al., 
2020; Egorov et al., 2017), better sleep (Shin et al., 2020; Stenfors et al., 
2023), and improved cognition (Stenfors et al., 2019; Stevenson et al., 
2018). Specifically, nature interactions have in experimental studies 
been found to improve especially executive attention and working 
memory, which is vital in everyday life and work, and for coping with 
stress and regulating emotions (Stenfors et al., 2019; Stevenson et al., 
2018). Furthermore, problems with cognitive functioning can arise from 
everyday situations of information overload, high psychological de
mands and stress —which greenspace may help counterbalance (Sten
fors, Magnusson Hanson, Oxenstierna, Theorell, & Nilsson, 2013; 
Stenfors, Marklund, Magnusson Hanson, Theorell, & Nilsson, 2013; 
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Stenfors et al., 2019). 
Increased feelings of connectedness to nature—which has been 

argued to constitute a basic human psychological and existential need 
(Baxter & Pelletier, 2019)— and facilitation of physical activity and 
social connection are existential (b) and behavior aspects (c) supported 
by greenspace (Christian et al., 2017; Orban, Sutcliffe, Dragano, Jöckel, 
& Moebus, 2017; Vert et al., 2019; World Health Organization, 2016) 
which in turn support mental and emotional health (Markevych et al., 
2017; F Stephan Mayer, Cynthia McPherson Frantz, Emma Bruehlman- 
Senecal, & Kyffin Dolliver, 2009; Pritchard, Richardson, Sheffield, & 
McEwan, 2020). Furthermore, greenspace close around the residence 
may also shield against other environment stressors (d) which increas
ingly are found to be detrimental to mental health, including ambient 
noise (Dzhambov & Dimitrova, 2014; Martínez-Sala et al., 2006; Van 
Renterghem & Botteldooren, 2016), air pollutants (Selmi et al., 2016), 
and extreme heat during hot weather (Marando et al., 2022; Shishegar, 
2014). Finally, greenspace contribute to support climate change miti
gation and environmental sustainability (e)—highlighted risk factors for 
mental health by IPCC, 2022 (IPCC, 2022). Future research should 
investigate the relative contribution of these different potential 
greenspace-health pathways. 

Much focus has previously been devoted to residential access to at 
least one small greenspace within a short walking distance of e.g. 300 m 
(World Health Organization, 2016). However, from a population health 
perspective, this needs to be complemented with additional guidelines, 
as the current study indicates that greenspace in the immediate sur
roundings is associated with better mental health. More focus is thus 
needed on green infrastructure as a fabric of ecosystem services closely 
intertwined with the built environment where people live their lives, 
that is present across the urban (and non-urban) landscape (UNECE, 
2021). For example, while population metrics may indicate good access 
to small coherent greens areas (of at least 0,5 ha within 200 m distance) 
for urban residents in Sweden (i.e. 94 % in 2015), greenspace avail
ability in the immediate surrounding of the home and the size of 
accessible coherent green areas can vary greatly (Statistics Sweden, 
2019). 

5. Strengths and limitations 

The study investigated, for the first time, longitudinal associations 
between fine-grained high-resolution measures of individual residential 
greenspace, including the immediate zone (50–100 m) around in
dividuals’ residences, in relation to objective individual redemptions of 
prescribed antidepressant medications, in a large population-based 
longitudinal cohort, while adjusting for important covariates and uti
lizing longitudinal statistical analyses considering non-measured per
son-specific variances. Given the scarcity of population-based 
longitudinal studies of fine-grained residential greenspace associations 
with future incidence of antidepressant medication, this is a strength 
and important contribution of the present work. 

However, some limitations should also be considered. While anti
depressant drug redemption is a solid indicator of the presence of clin
ically diagnosed affective problems that result in antidepressant drug 
treatment, it may underestimate the actual presence of depressive dis
orders in the population, as not all individuals with depressive disorders 
seek care, receive antidepressant medication treatment and redeem the 
prescribed drug (Henriksson, Asplund, Boëthius, Hällström, & Isacsson, 
2006). While the present study investigated prospective longitudinal 
greenspace-antidepressant associations, including antidepressant inci
dence, environmental epidemiological studies may potentially be 
affected by self-selection bias, e.g. in terms of people with better or 
worse mental health being biased towards living in certain environ
ments, as discussed elsewhere (e.g. Jiang et al., 2021). In the present 
study, individual and residential neighborhood characteristics were 
controlled for, however it was not possible to account for clustering of 
participants based on location, which could potentially affect the 

significance of associations. Furthermore, the present study focused on 
residential greenspace, while blue space (i.e. water bodies like lakes, 
sea, etc.) was not investigated, which is another type of natural envi
ronmental quality associated with psychological benefits. Finally, the 
study was conducted in a population-based nationally representative 
adult sample in Sweden. The generalizability of the results across other 
geographical regions and populations may thus vary. 

6. General conclusions 

In this first nationwide longitudinal study in Sweden on individual 
residential greenspace and antidepressant drug redemptions, having 
higher levels of residential greenspace was associated with significantly 
lower prevalent and incident antidepressant redemptions after control
ling for individual and neighborhood socioeconomic characteristics. The 
most salient associations between residential greenspace and antide
pressant redemptions was observed in the closer zones around the home, 
which underscore the importance of greenspace in the immediate 
residential-surrounding environment for mental health. 

The results highlight the need to integrate health-, environmental- 
and climate action-, and urban planning policies—all target areas in the 
UN Agenda 2030 sustainable development goals (United Nations, 2015) 
—and the importance of greenspace at this nexus of human and plane
tary health (IPCC, 2022; UNECE, 2021). Strengthened environmental 
protection legislation and consideration of the values of greenspace at 
different levels of decision-making is thus imperative, in order to 
counteract strong short-term economic drivers in urbanization and 
densification (UNECE, 2021). The findings also suggest the need for an 
“environmental psychiatry” framework, in order to clarify and target the 
interrelation between environmental exposures and psychiatric illness, 
and the need for treatments and costs thereof, including psychotropic 
prescription drugs like antidepressants (Ekman et al., 2013). Such a 
framework is important in order to target mental health in the popula
tion up-stream by protecting and developing healthy living environ
ments and conditions, rather than acting down-stream once illness has 
already developed with negative consequences in terms of suffering and 
economic costs to both afflicted individuals and society. Greenspace can 
contribute to prevent such individual and societal costs (Public Health 
Agency of Sweden, 2020) while also contributing to climate change 
mitigation and supporting planetary health, thus simultaneously 
addressing several of the United Nations sustainable development goals 
(Mills, 2018; UNECE, 2021; United Nations, 2015). See the conceptual 
summary model in Fig. 1. 
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