Impact of nature on mental health and wellbeing of children and adolescents: a meta-review: Supplementary tables and figures

Contents: 
· Fig.1 PRISMA Flowchart 
· Search strategies 
· Table 1: Study characteristics 
· Table 2: Summary Results 
· List of potentially eligible studies not included in the meta-review
· Risk of bias assessments 
· Fig 2. Graph showing number of nature studies published over time
· Fig 3. Graph showing number of nature systematic reviews published over time


Fig.1: Prisma flowchart.Studies included in Meta-review 
(n= 23) (based on levels of evidence guide) 

N=18 Systematic/scoping reviews 
N= 5 Cohort studies (rated good quality)
Identification
Records identified from electronic databases (n= 2185) 
Medline = 805
Embase = 696
PsychInfo = 684


Records removed before screening:

Duplicate records removed  
(n= 528)
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Narrative or rapid review (n=13)
Expert advise (n=1)
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RCT (n=2)

Incorrect outcome (n = 14)




Search strategies

Medline search strategy 
1. exp adolescent/ or exp child/ or exp infant/
2. (adolescen* or babies or baby or boy* or child* or girl* or infan* or juvenil* or kid or kids or kindergarten* or minor* or neonat* or neo-nat* or newborn* or new-born* or paediatric* or peadiatric* or pediatric* or perinat* or preschool* or pre-school* or puber* or pubescen* or school * or stepchild* or teen* or toddler* or underage* or young or youngster* or youth*).ti,ab,kw.
3. 1 or 2
4. natural environment.mp.
5. Nature/
6. (mental health or mental wellbeing or cognitive development or depression or anxiety).mp.
7. forests/ or grassland/ or wetlands/ or wilderness/
8. gardens/ or parks, recreational/
9. natural world.mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
10. green space.mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
11. outdoor*.mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
12. forest.mp.
13. Gardening/
14. nature-based intervention*.mp.
15. ecotherap*.mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
16. (natur* adj3 school).mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
17. nature-based.mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
18. 4 or 5 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17
19. (mental adj3 well-being).mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
20. (mental adj3 stress).mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
21. psychiatry and psychology (non mesh)/ or "behavior and behavior mechanisms"/ or adaptation, psychological/ or behavior/ or emotions/ or mental competency/ or motivation/ or psychology, social/ or psychosocial functioning/ or temperance/ or psychological phenomena/ or mental health/ or posttraumatic growth, psychological/ or mental disorders/ or anxiety disorders/ or "bipolar and related disorders"/ or "disruptive, impulse control, and conduct disorders"/ or dissociative disorders/ or elimination disorders/ or "feeding and eating disorders"/ or mood disorders/ or motor disorders/ or neurocognitive disorders/ or neurodevelopmental disorders/ or neurotic disorders/ or personality disorders/ or "schizophrenia spectrum and other psychotic disorders"/ or somatoform disorders/ or substance-related disorders/ or "trauma and stressor related disorders"/ or "behavioral disciplines and activities"/ or behavior control/
22. 6 or 19 or 20 or 21
23. 3 and 18 and 22
24. limit 23 to yr="2010 -Current"

Embase search strategy 
1. child psychology/ or school child/ or child behavior/ or child development/ or preschool child/ or child/ or child psychiatry/ or child welfare/
2. forest/
3. recreational park/ or national park/
4. *mental disease/di, dm, pc, th [Diagnosis, Disease Management, Prevention, Therapy]
5. *mental health/
6. *psychological well-being/ or *mental health/ or *wellbeing/
7. (natur* adj3 school).ti,ab,kw.
8. (mental health or mental wellbeing or cognitive development or depression or anxiety).ti,ab,kw.
9. (mental adj3 well-being).ti,ab,kw.
10. (mental adj3 stress).ti,ab,kw.
11. 4 or 5 or 6 or 8 or 9 or 10
12. (adolescen* or babies or baby or boy* or child* or girl* or infan* or juvenil* or kid or kids or kindergarten* or minor* or neonat* or neo-nat* or newborn* or new-born* or paediatric* or peadiatric* or pediatric* or perinat* or preschool* or pre-school* or puber* or pubescen* or school* or stepchild* or teen* or toddler* or underage* or young or youngster* or youth*).ti,ab,kw.
13. *gardening/
14. *adolescent/ or *juvenile/
15. *child/ or *juvenile/ or *adopted child/ or *boy/ or *foster child/ or *girl/ or *preschool child/ or *school child/ or *toddler/
16. *infant/
17. 1 or 12 or 14 or 15 or 16
18. (natural world or natural environment or green space or eco-therap* or ecotherap* or blue space or outdoor* or park or parks).ti,ab,kw.
19. 2 or 3 or 7 or 13 or 18
20. 1 or 12 or 14 or 15 or 16
21. 4 or 5 or 6 or 8 or 9 or 10
22. 19 and 20 and 21
23. limit 22 to yr="2010 -Current"

PsychINFO search strategy 

1. (adolescen* or babies or baby or boy* or child* or girl* or infan* or juvenil* or kid or kids or kindergarten* or minor* or neonat* or neo-nat* or newborn* or new-born* or paediatric* or peadiatric* or pediatric* or perinat* or preschool* or pre-school* or puber* or pubescen* or school* or stepchild* or teen* or toddler* or underage* or young or youngster* or youth*).mp. [mp=title, abstract, heading word, table of contents, key concepts, original title, tests & measures, mesh word]
2. exp Adolescent Psychiatry/ or exp Adolescent Behavior/ or exp Adolescent Psychotherapy/ or exp Adolescent Development/ or exp Adolescent Psychology/ or exp Adolescent Psychopathology/ or exp Adolescent Health/
3. exp Child Psychotherapy/ or exp Child Welfare/ or exp Child Psychopathology/ or exp Child Health/ or exp Child Psychiatry/ or exp Child Behavior/ or exp Child Psychology/
4. exp Infant Development/ or exp Infant Temperament/
5. 1 or 2 or 3 or 4
6. (natural environment or natural world or green space or blue space or outdoor* or nature-based intervention* or eco-therapy* or ecotherap* or nature-based).mp. [mp=title, abstract, heading word, table of contents, key concepts, original title, tests & measures, mesh word]
7. (nature adj3 school).mp. [mp=title, abstract, heading word, table of contents, key concepts, original title, tests & measures, mesh word]
8. exp "nature (environment)"/
9. exp Horticulture Therapy/ or gardening.mp.
10. exp Wilderness Experience/
11. (park or parks).mp. [mp=title, abstract, heading word, table of contents, key concepts, original title, tests & measures, mesh word]
12. 6 or 7 or 8 or 9 or 10 or 11
13. (mental health or mental wellbeing or cognitive development or depression or anxiety).mp. [mp=title, abstract, heading word, table of contents, key concepts, original title, tests & measures, mesh word]
14. (mental adj3 well-being).mp. [mp=title, abstract, heading word, table of contents, key concepts, original title, tests & measures, mesh word]
15. (mental adj3 stress).mp. [mp=title, abstract, heading word, table of contents, key concepts, original title, tests & measures, mesh word]
16. *Mental Health/
17. *Mental Disorders/
18. 13 or 14 or 15 or 16 or 17
19. 5 and 12 and 18
20. limit 19 to yr="2010 -Current"














Table 1: Study characteristics of included studies in the meta-review 

	Table 1: Study characteristics of the 16 systematic and 2 scoping reviews and 5 cohort studies included in the meta-review. 

	Systematic and scoping reviews 

	Author 
	Population
Setting 
	Intervention or exposure
Comparator  
	Outcome
Follow up
	Study design 
Total no. of included studies in the review 
	Key Results 
Ethnicity & socio-economic status (SES)


	Alderton 2019
	Population: 
Children < 8 years. 
General population-based samples (‘non-representative
samples’ e.g.: in-patient clinical samples were excluded). 

Setting:
Urban setting. 
High- income countries (HICs) located in North America (USA) & Europe (UK, Germany, Spain, Netherlands).

	Intervention or exposure: 
Quality, quantity and/access to neighborhood public open space: e.g.: some studies looked at distance to nearest park, some access to private garden and some residential greenness in buffer areas around home. 
(Note: review also examined literature on housing quality, density, typology/affordability, and quality and/access to local social health municipal for early childhood education and care services)

Comparator:
No limits made on comparator  
	Outcome: 
Any measure of competence (e.g.: social competence, emotional maturity) or difficulties or disorders (e.g.: conduct problems, hyperactivity or ADHD).

Follow up:
Not pre-defined or clearly reported in all studies. One cohort study had a 1-2 year follow up.  


 
	Study design 
Systematic review of peer-reviewed quantitative studies.  
No reported protocol.
1 reviewer searched ProQuest Central, PubMed and Google Scholar up to 17th Jan 2019. 
No formal quality assessment tool used to assess included studies. Performed a descriptive analysis. 

Total no. of included studies
14 

	Studies tended to report associations with better mental health. All 5 studies examining mental health difficulties found at least one significant difference in reducing difficulties. 2 found a borderline significant association in the opposite direction, emerging when only looking at higher education groups & ADHD. 2 out of 3 studies examining mental health competence found a significant association in improving competence, with only one finding an association in the opposite direction with borderline significance. 

9 of 14 studies included some measure of SES, however only 3 compared findings across socio-economic groups. 2 of these 3 studies found benefits to be greater in those from poorer socioeconomic backgrounds. Only 5 of the 14 studies collected data on ethnicity.


	Bikomeye 2021
	Population: 
Children <18 years. No pre-specification over general or clinical population.
 
Setting: 
School/daycare yard. Mostly urban settings (one study in a rural setting). Studies are from HICs (however some studies focus on deprived areas within these countries): Netherlands, Austria, USA, UK (2 studies), Canada. 
	Intervention or exposure: 
Experimental school greening interventions. 4 studies used ‘traditional schoolyard greening interventions’ (outdoors changed to include natural elements e.g., trees, flowers), 2 used ‘modified versions of such interventions’, 1 involved adding an ‘AstroTurf’ & 1 focused on “Social and Therapeutic Horticulture (STH)” (emphasizes active engagement of children in creation of green spaces). 

Comparator: 
Main comparator: pre to post intervention, however also included studies with a school non-greening intervention control arm. 
	Outcome:
Physical health or socioemotional health (SEH). SEH measured in a variety of ways and not pre-defined by the review. 

Follow up:
Varied between studies and not pre-defined by the review. 

	Study design:
Systematic review of experimental studies. 
No reported protocol. 
2 reviewers searched 4 databases: Ovid, Medline, PsycINFO, Scopus & Greenfile up to 20 July 2020. 
No formal quality assessment tool used to assess included studies. Performed a descriptive analysis. 

Total no. of included studies
6
	All 6 studies reported beneficial effects on socioemotional health in the majority of outcome measures, however some found no effect on certain measures (van Dijk-Wesselius found no effect on emotional well-being, perceived restorative quality & older children’s prosocial behaviours but did find a positive effect on attention restoration). 2 results showed negative associations (non-significant or significance was not reported), in measure of prosocial behaviour (Brussoni et al.) and in well-being outcomes (Chiumento et al). This conflicted with their other results (e.g.: Chiumento et al. found a positive impact on socioemotional health in qualitative data).  

Only 2 studies adjusted for some measure of SES and only one study adjusted for ethnicity. 


	Dankiw 2020
	Population:
Children aged 2-12 years with no pre-existing/diagnosed physical, mental, behavioral or neurological health condition. 

Setting:
Not pre-defined, however all studies involved a ‘nature play space’. Studies were conducted in largely HICs: Norway (n= 3 studies), Slovenia (n=1), Australia (n=2), United Kingdom (n=1), Scotland (n=1), Canada, (n=1), United States of America (n=4) and Germany (n=4).
	Intervention or exposure: 
Unstructured free play within nature (called ‘nature play’), including natural elements.

Comparator:
Not pre-defined, however largely used traditional play space vs nature play space as the comparator. 
	Outcome: 
Any outcome related to nature play-including gross motor, social, cognitive development, learning, emotional or mental health and physical health. 

Follow-up:
Not pre-defined or clearly reported in all studies.
	Study design:
Systematic Review of quantitative studies. Protocol available on PROSPERO. 4 reviewers searched 7 databases: MEDLINE, ERIC, Embase, PsycINFO, The Cochrane Library, The Joanna Briggs Institute and Emcare up to July/Aug 2019. Searched grey literature. The McMaster Critical Appraisal Tool (CAT) for Quantitative Studies was used to assess quality of included studies. 
Performed a descriptive analysis. 

Total no. of included studies: 
16
	5 studies examining cognitive development consistently reported positive improvements (however significance not always reported). Cognitive development was examined by looking at forms of play (functional, constructive, explorative, dramatic & imaginative), learning & creativity. 3 of 4 studies examining social outcomes found an improvement & 1 found no difference (between traditional & nature play). 2 studies examined emotional outcomes- 1 found a significant decrease in aggression & depression & other found a positive improvement in mood. There were concerns around sampling bias, reporting, reliability & validity of outcome measures. Studies often lacked a suitable control.  


Dankiw commented that most studies were done in Western countries with majority Caucasian populations, but that most studies did not detail sample characteristics, specifically ethnicity. They did not report or discuss SES. 

	Fang 2021
	Population: 
Adolescents age 10-19. Studies included at risk/unwell populations as well as more general populations. 

Setting:
Varied depending on location of OEP. Some populations recruited from schools, some based on socio-economic or at-risk factors e.g.: low-income households. All from HICs: USA (N=5), Israel, Australia (n=2), Canada, Germany, New Zealand (n=2), Hong Kong, UK, Norway. 
	Intervention or exposure:
Outdoor Education Programs (OEPs) defined as 'an intervention that included outdoor-related activities e.g.: outdoor camping, wilderness adventure, nature-based field trips, resident camp, backpacking trip.’ 

Comparator: 
Studies selected had to have comparative groups (i.e.: experimental and control group comparisons), however results include some studies with pre- and post- OEP outcome measures. 

	Outcome: 
Any outcome measure of ‘self-efficacy’. Examples of self-efficacy measurement tools include Self-Efficacy scale or the Generalized Self-Efficacy scale. 

Follow-up:
Follow-up time not pre-defined, however detailed follow-up clearly in results table and varied from no follow-up to 24-month follow-up. 


	Study design: 
Systematic review or observational & randomized studies. No reported protocol. 
2 reviewers searched 6 databases: PubMed, ScienceDirect, Medline, PsycArticles, Behavioral sciences Collection of EBSCO and Eric from Jan 2000 to 31st Oct 2020. 
Used the tool MINORS (Methodological Index for Non-
randomized Studies) to assess study quality. 
Performed a meta-analysis. 

Total no. of included studies: 
12
	In their meta-analysis they found that adolescents participating in OEPS experience improvements in their self-efficacy, but this was moderated by their mental health, length of the OEP and study groups. There was significant heterogeneity but no evidence of publication bias.

Neither ethnicity or SES were reported or discussed in the review 

	Fleckney 2021
	Population: 
Adolescents 10–19 years. Excluded studies that exclusively focused on narrowly-defined subgroups (e.g. youth with autism) or institutional settings (e.g. school grounds, hospitals),
16/24 studies drew samples from nationally representative population-based surveys. 

Setting: 
Focused on ‘urban public realm’ outside home & school.  12 papers included urban & rural settings & 12 focused on urban populations. Mostly from HICs: USA (n=10); UK (n=4); Europe (n=3), Canada (n=2); New Zealand (n=2), Australia (n=1). Only 2 studies from global South (Iran; Caribbean countries).  
	Intervention or exposure:
Examined more broadly the ‘urban public realm’, however a key focus was on urban green space with 19 of 24 studies examining exposure to proximate green space. Measures of green space exposure varied with some measuring a proxy of exposure e.g.: local ‘park density’ whilst others measured ‘self-reported use’. 

Comparator: 
Not pre-defined/specified.
	Outcome:
Outcomes relating to one/more of following: depression, anxiety, stress or mental, emotional, psychological wellbeing. 
20/24 studies measured mental health outcomes in regards to disorder or difficulties such as anxiety, depression or stress. 8 looked at psychological, emotional or mental wellbeing outcomes. 23/24 relied on self-report data. 2 studies supplemented self-report data with parent or teacher report data. 

Follow-up:
Not pre-defined. Reported in some longitudinal studies in descriptive analysis (1  had a 3 year follow up). 
	Study design: 
Systematic review of original empirical research. No reported protocol. 1 reviewer performed a literature search in PsychINFO & Scopus from 1st January 2005 to 27th March 2020. No formal quality assessment tool used. 
Performed a descriptive analysis.  

Total no. of included studies: 
24 studies, with 19 focusing on proximate greenspace. 
	Of the 15 cross-sectional studies examining green space, 11 found greenspace to be beneficial for adolescent mental health or well-being (9 having statistically beneficially effects). The evidence from longitudinal studies were less clear, as only 4 studies were identified and all had moderate to serious risk of bias and had mixed results.

13 studies adjusted for ethnicity. 10 studies adjusted for household SES or income and 10 adjusted for neighbourhood deprivation.

	Fyfe-Johnson 2021
	Population:
Under 19 years. No specification re sample type (general population vs clinical/unwell population). 

Setting:
Not pre-specified, however included studies on residential green space (n= 147); school greenspace (n=40) and ‘General Green Space Activity’ (n = 35). No information on country of origin of included studies. Reported 
few studies examined marginalized communities. 
	Intervention or exposure:
Examined nature exposure which they defined as: gardening, green space activity (e.g.: green space not near residence or school), residential green space, school green space, greening intervention, wilderness experience, nature walk, and 'other' (studies where mixed spaces were examined). 

Comparator: 
Not pre-defined/specified. 
	Outcome: 
Collected data on 7 different categories of outcomes: cognitive, behavioral & mental health outcomes; academic & learning outcomes; physical activity; BMI; CV & metabolic measures; asthma and allergy and ‘other’. Mental health outcomes included a range of outcomes from psychological wellbeing to mental health diagnoses.  Academic & learning outcomes were limited to those most related to classroom performance.

Follow-up: 
Not pre-defined or reported. 
	Systematic review of original studies. Was registered in
the International Prospective
Register of Systematic Reviews database (Registration number:
CRD42018087552). 
2 reviewers searched PubMed, Cumulative Index to Nursing and Allied Health Literature, PsycInfo, ERIC, Scopus & Web of
Science databases, up to 23rd Feb 2021. Quality assessment tool used to assess included studies: Mixed Methods Appraisal Tool (MMAT). Performed a descriptive analysis. 

Total no. of included studies. 
296
	Of the 85 studies looking at cognitive, behavioural and/mental health outcomes, 71 studies (83%) found positive results, 12 studies (15%) reported mixed/null results and only 2 (2%) reported negative associations. There were 5 RCTs identified and all 5 reported positive associations with well-being, mental fatigue & recovery, cognitive tasks, emotional status, performance tasks and perceived restoratives and stress. They concluded overall evidence suggests nature’s beneficial role, however more high-quality evidence is needed and further evidence examining marginalized communities who tend to be most at risk of poor access to green space. 

Did not report on ethnicity or SES of included studies, however commented that few studies examined marginalized communities who may be most at risk of inequitable access to green space.


	de Keijzer 2016
	Population: 
Included studies of all ages, with a subgroup analysis on children/adolescents. Of the 6 studies included on children/adolescents, there was a mix of general school populations, at-risk and clinical populations. 

Setting: 
3 studies focused on public high/elementary school children, 2 on children with ADHD (ages 7-12 and 5-18 respectively), and one focused on low-income urban families. All studies were from HICs: 5 from USA and 1 from Spain. 
	Intervention or exposure:
Inclusion criteria: At least one of the exposures was a measure of green space/natural environment, including outside activities in green spaces such as gardening.  Of the studies included in the child/adolescent age group, 3 studies looked at surrounding greenness to school or home, one looked at views of greenness at school and 2 looked at activities in a 'green setting'.

Comparator: 
Not pre-defined/specified. 
	Outcome: 
At least one outcome measure of cognition, attention, dementia, or Alzheimer’s, (outcomes such as stress, relaxation, mood & mental health were excluded). Attention/inattention was the most studied outcome measure in the child/adolescent age group. 

Follow-up:
Not pre-defined or clearly reported in all longitudinal studies. 
	Study design: 
Systematic review of observational studies. No reported protocol. 
Number of reviewers for article screening unclear. Searched MEDLINE & Scopus (Web of Science) up to 26th May 2016. 
Quality assessment tool used was one that had been developed from a previous review looking at green space on mental health (Gascon et al. 2015). Performed a descriptive analysis. 

Total no. of included studies: 
13, with 6 on the child/adolescent age group. 
	4 out of 6 studies that looked at school performance, cognitive development/attention found a beneficial association. 1 large longitudinal study (n= 2623) found greater progress in working memory & reduced inattentiveness. 2 ecological studies found a positive association (between views of nature & school level scores & graduation rates and between school surrounding greenness and English & Maths scores). 1 cohort study found an improvement in children’s attention after moving to a house with more surrounding greenness. 2 studies found a positive association of green exposure & symptom improvement in ADHD. Concluded green space appears good for cognition, despite concerns over inadequate controlling of confounders & no studies looking at green space quality.  

De Keijzer found that all studies except one adjusted for a measure of socioeconomic status, however no study investigated effect modification of socioeconomic status (e.g.: comparing across socioeconomic strata). They did not report or discuss ethnicity in their review. They called for future studies to investigate the effect modification of SES and ethnicity. 

	Luque-García
2022
	Population:
Children between ages 6-12 years; aim to obtain studies representative of primary school children. (Excluded pre-school children, teenagers and adults). Most from school or general population samples/cohorts (i.e.: not unwell/clinical populations). 

Setting: 
Mix of studies looking at residential, neighborhood & school surrounding green space. Of 34 included studies, 17 were from Europe, 9 from USA, 4 from Australia, 2 from South Korea, 1 from Canada & 1 from China.
	Intervention or exposure:
Studies were included if they examined exposure to landscapes dominated by vegetation assessed by objective (e.g.: vegetation indices, land cover data) or subjective methods (e.g.: questionnaires). Greenness exposure was measured differently across studies, most using surrounding greenness around the home, school/neighborhood. Most widely used (n=15) objective measure of greenness was the NDVI. 

Comparator:
Pre-specified as comparatively lower levels of exposure or lack of exposure.
	Outcome: 
Neuropsychological development & mental health outcomes assessed via validated tools. Excluding studies that examined outcomes in terms of medical diagnoses. Neuropsychological & mental health outcomes were diverse in the studies & included: attention, working memory, intelligence, cognitive development, academic performance, well-being, ADHD symptoms and behavior. 
 
Follow-up:
Not pre-defined or reported for all follow-up studies (e.g.: cohort studies)
	Study design: 
Systematic review of observational studies. Protocol registered on PROSPERO. 3 reviewers searched PubMed, Scopus, Web of Science &  EBSCO’s GreenFILE up to 5th Oct 2021. Assessed risk of bias with the Navigation Guide methodology. Performed a descriptive analysis. 

Total no. of included studies: 
34
	They reported that exposure to greenness seems to have a predominantly beneficial effect on neuropsychological development & mental health of children, however due to the high risk of bias and heterogeneity in methodology they felt it was difficult to draw firm conclusions. Highest risk of bias related to the exposure assessment (many did not assess green space quality, accessibility, actual green space use or exposure time). 

5 of the 34 studies controlled for ethnicity. All studies except 2, controlled for some measure of SES. 

	Mann 2022
	Population:
School-aged participants (Kindergarten to Year 12) sampled from schools.

Setting: 
Setting was a ‘natural outdoor setting’ including e.g.: school grounds/gardens or local green space like forests. Most studies were conducted in USA (n=54), followed by UK (n=27), Australia (n=15), Canada (n=8), Denmark (n=6), NZ (n=6), Spain (n=4), South Africa (n=4), Sweden (n=3), Germany (n=2), Singapore (n=2) and Turkey (n=2).
	Intervention or exposure:
Learning activities outside in nature called ‘NSLOtC’ (nature-specific learning outside the classroom), which includes practical & experiential learning activities conducted outside in school grounds & other locations such as parks, forests, residential camps/centers or on expeditions.

Comparator:
Included studies with ‘within-subject comparisons’, ‘between-subject comparisons’ (e.g.: no treatment or treatment-as-usual) and studies without controls. 
	Outcome: 
School student wellbeing, academic or socio-emotional outcomes. The most common reported outcomes were described as “soft skills” i.e.: relating to a student’s developing understanding of their self-concept & intrapersonal skills (e.g.: resilience & self-confidence) & their social & interpersonal skills (e.g., communication and teamwork).

Follow-up:
Not pre-defined or specified.
	Study design: 
Systematic review of original research studies. Protocol registered on PROSPERO (CRD42020153171). 
1-2 reviewers searched 9 databases (1 reviewer screened title and full text): ERIC, ProQuest, PSYCInfo, PubMed, Sage, Scopus, Taylor and Francis, Web of Science & Wiley from 2000 to 2020. Quantitative studies were assessed using the CCEERC tool. Qualitative studies were assessed with the JBI Checklist. Performed a descriptive analysis. 

Total no. of included studies: 
147
	They concluded nature-specific outdoor learning has noticeable socio-emotional, academic and wellbeing benefits and felt the evidence was significant enough to recommended that NSLOtC should be part of national curricular. They reported the quality of evidence wide ranging but generally moderate. They also recommended training should be given to teachers on how to provide this as well as more research being conducted with greater rigorous designs, looking more thoroughly across age groups and learning settings. 

Neither ethnicity or SES were reported or discussed in the review


	McCormick
2017
	Population:
Children aged 0-18 years. Populations mostly came from school samples (high school/elementary/public school) with only one study on a clinical population (children with ADHD). 

Setting:
Studies came from rural & urban settings. Did not report on study’s country of origin. 
	Intervention or exposure:
‘Greenspace’. Of the included studies, some looked at greenspace exposure- (e.g.: high-school greenness), some looked at access (time it takes from home to get to a greenspace) and some looked at views of nature from the home.

Comparator:
Not pre-defined/specified. 
	Outcome: 
Mental health & well-being outcomes. 
Outcomes included: perceived restorativeness, ADHD/ADHD symptoms, stress, competence, cognitive development, behavioral problems, school performance & 'mental health’ utilizing the strength and difficulties questionnaire.  

Follow-up:
Not pre-defined or specified in table of study characteristics 
	Study design: 
Systematic review. (Study type for inclusion not specified). No reported protocol. 1 reviewer searched 2 databases: Ovid and PubMed from 2012 to 2017. No formal quality assessment tool used. Performed a descriptive analysis.

Total no. of included studies: 
12
	They concluded the beneficial association of nature, specifically access to nature and improved mental well-being, overall health and cognitive development. They noted improved attention restoration, memory, self-discipline, reduced stress, improved behaviour and symptoms of ADHD, higher standardized test scores and greater competence and development of supportive social groups. 

Neither ethnicity or SES were reported or discussed in the review

	Mygind 2019
	Population: 
Children & adolescents (up to 18 years). Participants were largely 11 -18 years (only 10% of studies included participants under 11). Participants included typically developing children/ adolescents, as well as children/ adolescents with behavioral and/or emotional disturbances (e.g. ADHD, depression). 

Setting: 
Any setting delivering a nature-immersive experience (studies were wide-ranging). Studies came from USA (n=14), England (n=5), Israel (n=3), Japan (n=1), Singapore (n=1), Germany (n=1), Norway (n=1), NZ (n=8), Scotland (n=1), Netherlands (n=1). 
	Intervention or exposure:
'Immersion in natural environments' defined as non-competitive
activities, both sedentary & active, occurring in natural environments removed from everyday environments. There is an emphasis on the experience of closeness to nature during an activity, known as ‘friluftsliv’ (Scandinavian practice). 

Comparator:
Comparator group for experimental studies: urban or indoor setting. 
	Outcome: 
Examined 'mental, physical and social health outcomes'. Mental health outcomes included: Self-esteem, self-efficacy, self-concept, resilience, problem solving, academic performance, cognitive performance, mood, psychophysiological stress, skills and behavioral indicators.

Follow-up:
Not pre-defined, however well reported.  Ranged from 1 day to 9 months. 
	Study design:
Subsample (child/adolescent population) of a Systematic review of quantitative studies with a wider scope (all ages). Original review protocol registered on PROSPERO
(CRD42017057988). 2 reviewers searched Dissertation Abstracts, ERIC, PsycINFO, Scopus, SPORTDiscus, Web of Science up to May 2017.  Quality assessment method was adapted from Cochrane Collaboration's tool for randomized trials. Performed a descriptive analysis. 

Total no. of included studies: 
84 studies included in narrative synthesis. 36 studies subjected to quality assessment and synthesis. 
	In regards to mental health outcomes, 65.7% of studies (n=23) reported greater improvements following immersive nature experiences compared to control conditions/groups, 8.6% (n=3) showed improved outcomes but no more than controls and 25.7% (n=9) had mixed or insignificant findings. The evidence appeared greatest for benefits on self-esteem, self-efficacy, resilience and academic and cognitive performance. There was some evidence in support of skill-orientated and behavioural indicators (although they were assessed in different ways between studies). Results were more inconclusive when looking at the outcomes of self-concept, problem solving and mood. The main sources of bias were in the sampling and use of unsuitable comparison groups.  


Neither ethnicity or SES were reported or discussed in the review


	Reece 2021
	Population: 
14-24 years old. Most studies (94%) were of the general population. The remainder involved clinical/self-diagnosed populations with anxiety &/ depression (6%).

Setting: 
Populations were from urban settings. Most studies were carried out in North America (28.2%), followed by Europe (21.8%), UK (17.3%) and Asia (15.8%). 
	Intervention or exposure:
Exposure to greenspace/nature. The  most commonly studied exposure was urban green space (n=41, 20%) followed by exposure/contact/touching materials from nature (n=40, 19.5%) & forest or woodland experiences (n=25, 12%). 

Comparator:
Not pre-defined, however experimental studies needed to include
a comparator/control group for inclusion. 
	Outcome: 
Anxiety & depression outcomes. Of the included studies, outcome measures included measures of anxiety (n=17; 8.5%), depression (n=11; 5.4), both anxiety & depression (n=26; 13%) & ‘other’ (e.g.: measures of mood, well-being, stress, quality of life, self-esteem) (n=147; 73.1%). Few studies used clinical measures of anxiety/depression. 

Follow-up:
Not pre-defined or specified. 
	Study design:
Scoping review of quantitative & qualitative studies. No reported protocol. 2 reviewers searched 7 databases from Jan 2000 to June 2020: Medline, PsycINFO, Scopus, CINAHL plus, Global Health & CAB Abstracts. Grey literature was also searched using Open Grey. No critical appraisal. Performed a descriptive analysis. 

Total no. of included studies: 
201
	Of the studies identified, the majority (94%) were on the general population, verses populations with clinically or self-diagnosed anxiety and/depression (6%). Most studies reported on general mental health outcomes (e.g.: low mood, stress) rather than clinical measures of anxiety or depression and therefore the review concluded more evidence is needed looking at clinical measures of anxiety or depression.  

Reported that 198 included studies (98.5%) did not report on ethnicity. SES was not reported or discussed in the review. 

	Stea 2022
	Population:
Children & adolescents (6–18 years) with self-reported mental health difficulties/diagnosis & their families (at least one caregiver had to be involved in treatment). Most participants were referred due to substance abuse, behavior problems or delinquent activity, poor family relationships and or emotional dysregulation/mental illness. 

Setting: 
Not pre-defined, identified as intervention setting for family-based outdoor therapy. All included studies (n = 7) were from the United States. 
	Intervention or exposure:
Family-based therapy taking place outdoors, including for example adventure therapy, ecotherapy, outdoor rehabilitation, nature-based programs, wilderness programs, forest bathing &/ bushcraft (role of nature had to be intended to have therapeutic benefit). 
All studies included individual and/ group-based counselling processes. 

Comparator:
Not pre-defined. All 7 studies were experimental. 3 studies had no control/comparison group. There was no randomization to treatment vs comparison/control groups.  
	Outcome: 
‘Mental health problems'. Study outcomes included: family functioning, self-concept, self-perception, problem behavior/behavioral problems, adolescent attachment or unresolved attachment, parent & peer attachment, competence & problems in children, impact of trauma.  

Follow-up:
Not pre-defined, however clearly reported. Ranged from 21 days to 12 months. 
	Scoping review of peer-reviewed primary research studies (any design). Reported to have a pre-defined protocol however not accessible. 3 reviewers searched Medline, Embase, APA, PsychInfo, AMED, Scopus, CENTRAL trials database
(Cochrane library) & CINAHL with no restriction on year (no date hence assume year of publication - 2022). No critical appraisal/quality assessment of included studies. Performed a descriptive content analysis. 

Total no. of included studies: 
7
	They concluded that family based outdoor treatment positively impacts family and peer relationships, adolescent behaviour, mental health, self-perceptions/self-concept, social engagement, delinquency rates and school success. However most studies included few participants and lacked comparable control groups, meaning that it was difficult for the authors to draw firm conclusions. 

Reported that most studies included families of Caucasian ethnicity. Reported there was a lack of socioeconomic diversity in the included studies. 


	Sprague 2022
	Population:
2- 18 years. Most studies appear to be observational studies from general population samples, however population type (clinical vs non-clinical not pre-specified). 

Setting: 
Not predefined, however most studies (75%) focused on residential greenspace. Most studies came from wealthy, Western European countries,
No studies from LMIC (low & middle income countries)
	Intervention or exposure:
Examined green space exposure. Studies looked at green space exposure in 4 ways: distance to greenspace, type of greenspace (e.g., parks, gardens), use of greenspace (e.g., walking, playing) and frequency of exposure. Most studies (n = 21, 75%) focused on residential distance to greenspace. 

Comparator:
Not pre-defined/specified. 
	Outcome: 
Developmental outcomes, measuring outcomes related to physical health, cognitive functioning, socioemotional wellbeing, and mental health. Of the 28 included studies, outcomes fell into the following groups: cognitive & brain development (n = 6; 21.4%), mental health & wellbeing (n = 13, 46.4%), attention & behavior (n = 8, 28.6%), allergy & respiratory (n = 3, 10.7%) & obesity & weight (n = 2, 7.1%).

Follow-up:
Not pre-defined or specified. 
	Systematic review of longitudinal or experimental studies. No reported protocol. 2 reviewers screened Cochrane, Web of Science, PubMed, CINAHL, Scopus & Environment Complete databases up to 9th October 2020. Qualitative assessment done using a 10-item quality assessment checklist adapted from a previous review (Lachowycz & Jones 2011) and inductive thematic analysis (Braun & Clarke’s six-step method). No meta-analysis. 

Total no. of included studies: 
28
	6 studies were identified looking at cognitive & brain outcomes, with 3 finding positive associations (in working memory, cognitive performance & several white & grey matter regions of brain) and 3 no association. 13 studies looked at mental health & well-being & all found positive associations (moderate quality evidence). Outcomes included improved prosocial behaviour, mood, emotional resilience, self-determination, happiness, tonic vagal tone & reduced risk of developing schizophrenia & psychiatric disorders. 8 studies looked at attention & behaviour, with 7 reporting positive associations & 1 no association. Outcomes included improvement in prosocial behaviour, self-regulation, attention, reduced peer & conduct problems & decreased odds of having ADHD (moderate evidence base).

Reported that there was limited reporting of ethnicity in included studies (24/28 did not report on ethnicity). 15/24 studies adjusted for some measure of SES. 


	Tillmann 2018 
	Population:
Children/adolescents 18 years and under. Early adolescence was the most commonly studied group. Population type (general vs unwell populations) not pre-specified however there appears to be a mix of general population & clinical populations e.g.: those with ADHD. 

Setting: 
Not pre-specified and varied greatly from city parks to wilderness settings. Of the 35 studies, 11 were conducted
in the USA, 8 in the UK, 2 in Canada & the remaining 14 in
other countries.
	Intervention or exposure:
Intervention that 'incorporated an element of nature'. There was large variation in the specific elements of nature looked at, with 6 studies including green space, 2 water/ ‘blue’ space, 4 greenness/greenery, 2 vegetation (e.g.: grass, trees), 1 gardens, 4 parks, 8 outdoor programs/education, 4 wilderness therapy, 1 forest school & 9 at various outdoor/natural settings (e.g.: schoolyards, green outdoor settings). They grouped these into 3 broad categories ‘accessibility’, ‘exposure’ or ‘engagement’ with nature. 

Comparator:
Not pre-defined/specified. 
	Outcome: 
Any outcome that includes a component of mental health. Outcomes were assigned to 1 of 8 categories: emotional well-being (n=15), attention deficit disorder/ hyperactivity disorder (ADHD) (n=10), overall mental health (n=9), self-esteem (n=9), stress (n=4), resilience (n=3),  depression (n=3) & health-related quality of life (HRQOL) (n=2). Majority focused on emotional well-being & ADHD. 

Follow-up:
Not pre-defined or specified. 
	Study design: 
Systematic review of primary studies. Protocol available on PROSPERO (CRD42016046085). Searched 10 databases (unclear by who) from 1990 to 1st March 2017: PubMed, Scopus, PsycINFO, Geobase, ProQuest, SPORTDiscus, Sociological Abstracts, Leisure & Tourism Database, Physical Education Index & EMBASE. Quality was assessed using quality assessment tools developed by the National Heart, Lung, and Blood Institute of the U.S. National Institutes of Health Quality Assessment Tools. Performed a descriptive analysis.

Total no. of included studies: 
35
	Of the 35 studies identified, half of all findings showed statistically significant positive associations between nature and mental health outcomes, nearly half reported no statistical difference and only 1 paper reported a single finding suggesting nature had negative effects. Most significant positive findings were for outcomes relating to ADHD, overall mental health, stress, resilience & health-related quality of life. Evidence for outcomes: emotional well-being, self-esteem & depression were more inconclusive (greater number of non-significant findings than positive significant findings). 


Neither ethnicity or SES were reported or discussed in the review


	Vanaken 2018
	Population:
Children, adolescents or young adults (age limit 25 years). Not pre-specified whether looking at general or unwell populations. Only 3 of 21 included studies examined populations that included young adults (up to 25). 

Setting:
Most studies examined residential greenspace. Some looked at green space around the school. 11 studies were conducted in Europe, others were conducted in North America (n= 6) & Oceania (n= 4).
	Intervention or exposure:
Looked at green space 
exposure in residential/school surroundings. Exposure was measured in the majority of studies with at least one objective parameter e.g.: 10 studies used land cover maps & 9 used remote sensing data based on satellite images (Normalized Difference Vegetation Index: NDVI). These could be considered proxy measures of exposure. Only 1 study used geolocation data obtained by study participants wearing digital watches with GPS-functionality. 

Comparator:
Not pre-defined/specified
	Outcome: 
Mental health & neurocognitive development assessed using standardized instruments/through existing medical records/ databases. Included studies fell into 3 outcome categories: emotional & behavioral difficulties, mental well-being & neurocognitive development.

Follow-up:
Not pre-specified, some reporting of follow-up in longitudinal studies in table of characteristics. 
	Study design: 
Systematic review of observational studies. No protocol. 
Searched PubMed and Scopus up to 2nd March 2018 (no of reviewers not made explicit). 
No formal quality assessment tool used. 
Performed descriptive content analysis. 

Total no. of included studies: 
21
	Reviewing 21 studies gave consistent evidence in support of the beneficial association between green space exposure & children’s emotional & behavioural difficulties (especially hyperactivity & inattention problems). Evidence was more limited but still indicating a beneficial association in mental wellbeing of children or depressive symptoms in adolescents.  Associations were still seen after studies adjusted for demographic & socioeconomic confounders.

Reported that there were a lack of studies adjusting for ethnicity or neighbourhood SES.


	Zare 2022
	Population:
Children, up to 18 years old. Total of 29 studies, with population ages that varied - with some focusing on young children and some on older children. 
Excluded patients or non-healthy populations. 

Setting: 
Not pre-defined or reported.
Most studies conducted in Europe (n = 14; 3 in Germany, 2 in Lithuania, 2 in Spain, 2 in Belgium, 4 in UK, 1 in Denmark), followed by USA (n = 8). 3 studies were from Asia (2 in China, 1 in South Korea) & 4 studies were from Oceania (3 in Australia, 1 in New Zealand). 
	Intervention or exposure:
Long-term exposure to green space. 
Most studies used greenspace availability indicators (surrounding greenness, percentage of land cover) as a measure of exposure. Greenspace use and quality were rarely considered.

Comparator:
Reported using the PECO (Population, Exposure, Comparator, Outcome) and the comparator as ‘not applicable’. 
	Outcome: 
Behavioral outcomes.
From the included studies, they identified nine types of behavioral outcomes including: total behavioral difficulties (n = 16), ADHD symptoms & severity (n = 15), conduct problems (n = 10), ADHD diagnosis (n=10), prosocial behavior (n =10), emotional symptoms (n =8), peer-relationship problems (n = 8), externalizing disorders (n =6), and internalizing disorders (n = 5). 

Follow-up:
Not pre-defined or clearly reported for all longitudinal studies. 
	Systematic review of observational quantitative studies. Reported there was a pre-defined protocol however not published/accessible. 
Two teams of reviewers searched three databases: PubMed,
Scopus, and Web of Science, up to 29th November 2021.
Risk of bias was assessed by the Newcastle–Ottawa Scale (NOS). 
Performed a descriptive content analysis. 

Total no. included studies: 
29
	Reviewed 29 studies, 16 studies used the Strength and difficulties Questionnaire to assess total behavioural difficulties. Other behavioural outcome measures included ADHD symptoms & severity (n = 15), ADHD diagnosis (n = 10), conduct problems (n = 10), prosocial behaviour (n = 10), emotional symptoms (n = 8), peer-relationship problems (n = 8), externalizing disorders (n = 6) & internalizing disorders (n = 5). They reported most of the available studies to have fair/good quality and that the findings supported a potential association between greenspace exposure & reduced risk of behaviour problems. 

Lack of studies adjusting for neighbourhood SES (mostly adjusted for household SES) and ethnicity. 


	Zhang 2020
	Population: 
Adolescents aged 10 - 19 years or those at high school, secondary school, junior high or intermediate school. Did not specify population type (e.g.: general or unwell/clinical population).  

Setting: 
Publicly accessible open green space e.g.: forests, parks, gardens. 5 studies were conducted in USA, with the remainder from the Netherlands (n= 2), UK (n= 2), Canada, Germany, Austria, Australia and New Zealand (all n= 1).
	Intervention or exposure:
Studies with an objective or subjective measure of green space exposure (including quantity or quality of exposure) in the school or residential environment, (where green space was defined as urban areas of vegetation). 
Only 2 studies assessed both perceived & objective measures of green space. One study assessed green space quantity and self-reported green space quality.

Comparator:
‘Comparison/control groups were not required for articles to be included in the review’. 
	Outcome: 
Mental well-being outcomes included any of the following: mood, stress, anxiety, depression,
happiness, pleasure, emotional health, psychological health, and mental health.

Follow-up:
Not pre-defined or clearly reported for all applicable studies.
	Systematic Review of cross-sectional, longitudinal, experimental or randomized controlled trials. Protocol registered on PROSPERO (CRD42019141561). 2 reviewers screened 7 databases: SCOPUS, GEOBASE, CINAHL plus, Medline, Cochrane central register of controlled trials, EMBASE & PsycINFO from January 2000 to October 2019. Quality of included studies was assessed using the Lachowycz and Jones (2011) methodological quality assessment tool. Performed descriptive analysis. 

Total no. of included studies: 
14
	Zhang reviewed 14 studies and found beneficial associations between green space and reduced stress, depressive symptoms and psychological distress and with positive mood, better emotional well-being & improved mental health & behaviour. Findings were significant in 8 of the 14 studies, non-significant in 4 and inconsistent in regards to direction of effect in 2 studies. 

6 of 14 studies adjusted for ethnicity. 
3 studies adjusted for household SES, 1 for neighbourhood SES and 1 for neighbourhood medium income. 

	Cohort studies 
	

	Author 
	Population
Setting 
	Intervention/exposure
Confounders adjusted for 
	Outcome
Follow up
	Study design 
	Results/main findings 
Comments on ethnicity and SES


	Ahmed 2022
	Population 
Children were from the MatCH study (Mothers & their Children's Health study), a sub-study of the Australian Longitudinal Study on Women's Health (general population sample). Involved 1679 children with NAPLAN Year 3 & 5 data, with mean age 8.6 years at baseline (in Year 3) & 10.6 years (Year 5).

Setting 
General population observational study, with some outcome measures being undertaking in the school environment. 
	Intervention/exposure 
Assessed for surrounding green space. Specifically assessed annual exposure to green & non-green vegetation using the Normalized Difference Vegetation Index (NDVI) and fractional cover of non-photosynthetic vegetation (fNPV), within a 100 m & 500 m buffer zone of the mother’s residential address. 

Confounders 
Adjusted for age, sex & socioeconomic indicators (including mother’s education, ability to manage on current income, family composition, area of residence & a formal index of relative socioeconomic advantage and disadvantage ‘IRSAD’).
	Outcomes
Looked at academic outcomes & developmental vulnerability. Academic outcomes used NAPLAN data (national yearly standardized test for students, used to indicate performance in reading, writing, language & numeracy). Developmental vulnerability used AEDC data (validated national tool measuring 5 areas of childhood development at 5–6 years: physical health & wellbeing; social competence; emotional maturity; language & cognitive skills; communication skills & general knowledge). 

Follow-up 
Examined 2 time windows over which annual greenspace exposures was averaged: year of test (outcome measure) & year of birth to year of AEDC/NAPLAN test (approx. of child's lifetime exposure). Data on children with Year 3 & 5 NAPLAN data were analyzed longitudinally.
	Study design 
Cohort was a sub sample of the ‘The Australian Longitudinal Study on Women's Health’ (ALSWH) (an ongoing longitudinal study of Australian women). Women
were randomly selected from the healthcare system Medicare & surveyed every 3 years from 1996. A sample of women in 2016/17 was taken, whereby 63% of women from the 1973–78 cohort (n = 14,247) were invited to participate & complete a survey about their children in a sub-study called Mothers & their Children's Health (MatCH) study. Of those invited, 49% of mothers completed online/paper-based surveys on their 3 youngest children (n = 5799) under the ages of 13, spanning a wide range of health, development & health service use questions. Children were given an unique identifier & linked to external data, including the AEDC and NAPLAN database. 
	They found that exposure to non-green vegetation (fNPV) within a 500m buffer was significantly associated with academic scores at/below the NMS (national minimum standard) in year 3 and 5 for domains of reading, writing, grammar & punctuation. They found no evidence of a significant association between NDVI (measure of greenspace) & academic outcome measures in the crude/adjusted models. Despite not reaching significance, the associations were in the hypothesized direction (green space associated with better academic outcomes) for the green space measure of NDVI at 500m and 100m buffers in all academic outcome measures (except spelling) in the adjusted models. 

Adjusted for socioeconomic indicators. Did not examine or adjust for ethnicity. 

	Almeida 2022
	Population 
Study included 3827 children living in predominantly urban settings (98.6%) sampled from the general population in the Porto Metropolitan areas. 

Setting 
Looked at surrounding green and blue space in buffer zones around the home and also the school in largely urban settings.
	Intervention/exposure
Assessed for green & blue space exposure using  NDVI & measures of accessibility to urban green space (UGS) & blue space in home & school surroundings, measured at 0, 4, 7, 10 years. Used buffers of 100m, 250m & 500m using the NDVI (as well as 50m when looking at schools) & buffers of 400m & 800m when looking at accessibility to UGS as well as the number of available UGS at 400 m & 800m & minimum distance to nearest UGS. Blue space assessed using Portugese Water Atlas to assess distance from children's residence & school to nearest blue space.  

Confounders 
Adjusted for (at age 10): sex; type of school (public/private); baseline mother's educational attainment; household monthly income; level of urbanicity; neighborhood socioeconomic deprivation; neighborhood population density.  Adjusted for 2 mediators: physical activity & air pollution.
	Outcomes 
Verbal, performance, and global IQ, measured using WISC-III (the Wechsler Intelligence Scale for Children (administered at 10 years). 


Follow-up 
Green space/blue space exposure was measured at 0, 4, 7 and 10 years and outcome (verbal,
Performance & global IQ) was measured at 10 years. 

	Study design 
Generation XXI birth cohort (G21) is a population-based birth cohort that recruited 8647 new-borns (wave 1) from 5 public maternities of the Porto Metropolitan area, between 2005- 2006. Of eligible new-borns, 91.4% of legal representatives allowed them to participate. The participants were re-evaluated at 4 years (wave 2, 2009/11, n = 7459), 7 years (wave 3, 2012/14, n = 6889) & 10 years (wave 4, 2015/17, n=6397).
Participants were excluded if they studied or lived outside the
Porto Metropolitan Area in any of the four waves or if they were not evaluated for the outcome (WISC III). 
	The presence of an urban green space within 800m from the home was significantly positively associated with all measures of IQ in the unadjusted model & with performance IQ (1.30 95% CI [0.26;2.35]) & global IQ (1.27 [0.18; 2.36]) in the adjusted model. This correlates to a child benefiting in regards to a 1.3% & 1.27% increase in performance & global IQ from urban green space compared to those with no urban green space in their surroundings. The authors point out that an increase of 1% of global IQ in the general population can have significant effects on economic growth of a country (quoting 2.46% and 3.80%). 

Adjusted for neighbourhood socioeconomic deprivation and household income. Did not adjust for ethnicity. 


	Anabitarte 2022
	Population 
751 children aged 8 years (& later 598 of the cohort at 11–13 years), from 2 sub-cohorts of the INMA (INfancia y Medio Ambiente- Environment & Childhood) cohort study from 2 areas of Spain- Gipuzkoa & Asturias. 

Setting 
Populations from Asturias & Gipuzkoa (Spain), focusing on greenness surrounding the home. Asturias & Gipuzkoa are areas in North of Spain with a temperate climate with mild summers & water availability all year (have high levels of arboreal vegetation). 
	Intervention/exposure
Assessed greenspace exposure using 4 indicators: (1) average of NDVI (2) Vegetation Continuous Field (VCF) in buffers of 100m, 300m and 500m around the home address, (3) availability of green space within 300m from home address & (4) residential distance to green spaces. 

Confounders 
In cross-sectional & longitudinal analyses, adjusted for socioeconomic status, age (at time of attention test), sex, preterm, maternal IQ, maternal smoking during pregnancy & cohort. For longitudinal analysis, when models were statistically significant, they also adjusted for the mediator of NO2 (pollution). 
	Outcomes 
Attention, measured twice at ages of 8 and 11 years, using ANT (the computerized Attentional Network Test). 

Follow-up 
1132 first trimester pregnant women were recruited (494 from Asturias & 638 from Gipuzkoa) in INMA. Longitudinal data up to the 8-year follow-up was available for 66% of families. At 11–13 years follow-up, data was collected from 53% of recruited families. In the case of Asturias, the notable decrease in the sample of the last follow up was due to lockdown measures (COVID-19 pandemic). 
	Study design 
Utilized data from INMA cohort, a population-based cohort aimed at evaluating the role of environmental factors during pregnancy & childhood on the growth & development of children. The INMA cohort is conducted in 7 centres across Spain (this study is based on data from Asturias & Gipuzkoa, areas in north of Spain).
	Cross-sectional analyses revealed a statistically significant protective association between average NDVI at 300m and inattentiveness (7.20, CI 95%: 13.74; 0.67) at 11-13 years. Their longitudinal analyses revealed generally beneficial associations between greenspace exposure and attention, however none were statistically significant. One key drawback may be that the green space exposure was a measure of surrounding greenspace around their homes and not in school, (which could be significant considering the time spent in school for children). 

Adjusted for SES. Did not examine or adjust for ethnicity. 

	Bloemsma 2022
	Population 
3059 participants of the Dutch PIAMA birth cohort who completed the five-item Mental Health Inventory (MHI-5) at ages 11, 14, 17 and/or 20 years. General population sample from 3 different regions of the Netherlands. 

Setting 
Looked at residential surrounding greenness from urban & non-urban settings. 
	Intervention/exposure
Looked at green space, ambient air pollution & traffic noise levels at adolescents’ current home address at the times of completing the MHI-5 (i.e., recent exposures). They calculated average NDVI in buffers of 300m, 1000m & 3000m around adolescents’ homes at times of completing MHI-5, as well as using detailed land-use maps of Netherlands to assess green space. 

Confounders 
Assessed measures of air pollution, traffic noise exposures in conjunction with green space. 
Controlled for co-variates: age, sex, parental level of education, any smoking in adolescent’s home, season & neighborhood socioeconomic status (SES).
	Outcomes 
Looked at mental well-being using the MHI-5. Measured this at ages 11, 14, 17 & 20 years. (MHI-5 is a widely used validated questionnaire used to assess mental wellbeing and consists of 5 questions: “How much of the time, during the last month, have you 1) been a very nervous person?; 2) felt calm & peaceful?; 3) felt downhearted & blue?; 4) been a happy person?; & 5) felt so down in the dumps that nothing could cheer you up?” Response options ranged from 1 (constantly) to 5 (never). 

Follow-up 
3059 participants of the Dutch PIAMA birth cohort completed the MHI-5 at ages 11, 14, 17 and/or 20 years.
	Study design 
Study was conducted within the ongoing Dutch Prevention & Incidence of Asthma and Mite Allergy (PIAMA) birth cohort study.
This is a cohort study where women were recruited in 1996/1997 from the general population in 3 different regions of Netherlands during their 2nd trimester of pregnancy. Baseline study population consisted of 3963 children. When adolescents were 11, 14 & 17 years, parents & adolescents were requested to complete questionnaires. At age 20 years, only adolescents themselves filled in a questionnaire.
	The odds of having poor mental wellbeing from ages 11 - 20 years was lower with higher average NDVI and total percentage of green space in a buffer of 3000 m (adjusted odds ratio (OR) 0.78 [95% CI 0.68–0.88] per IQR increase in the average NDVI; adjusted OR 0.77 [95% CI 0.67–0.88] per IQR increase in the total percentage of green space). These findings remained after adjusting for air pollution, traffic noise & degree of urbanization. Relationships between green space in buffers of 300m & 1000m and mental wellbeing were less clear. 

Adjusted for SES. Did not examine or adjust for ethnicity.

	Naya 2022
	Population 
Sample consisted of 202 mother–child dyads, recruited at public elementary schools with low - moderate income levels, in Los Angeles area. Approx. half of sample of children were Hispanic. Children’s age ranged from 8 - 12 years (mean 9.60 years). 

Setting 
Looked at residential greenness in ‘Sausage Network Buffers (SNBs)’ around child’s home address (Los Angeles area). 


 
	Intervention/exposure
Looked at residential surrounding greenness in SNBs around child’s home address. Did this by assessing park coverage within each 500m SNB using Los Angeles County Department of Parks & Recreation Countywide parks & open spaces (POS) GIS data. Also assessed levels of greenness exposure within each 500m SNB using aerial imagery from National Agriculture Imagery Programme of US Department of Agriculture (using NDVI). 

Confounders 
Demographic co-variates: child’s ethnicity, sex, age. Controlled for individual annual household income at baseline as well as neighborhood SES. Adjusted for mother’s baseline anxiety or depressive symptoms. 
	Outcomes 
Looked at children’s internalizing symptoms, using subscales of the Revised Child Anxiety and Depression Scale (RCADS), (47-item child self-reported questionnaire that measures internalizing symptoms). Subscales were the six-item Generalized Anxiety Disorder subscale & the 10-item Major Depressive Disorder subscale. 

Follow-up 
There were 202 dyads in Wave 1 (baseline), 163 dyads in Wave 2, 151 in Wave 3, 154 in Wave 4 and 150 in Waves 5 & 6. The 6 waves were conducted over 3 years, with mean age at baseline of children being 9.6 years. 
	Study design 
Data came from the MATCH Study- a Los Angeles-based longitudinal observational study looking into children’s health outcomes with six semi-annual assessment waves across 3 years. They used latent growth curve modelling (LGCM) to model longitudinal changes in children’s anxiety & depressive symptoms across 6 assessment waves (spanning 3 years).

	They found cross-sectionally & longitudinally, that greenness exposure or park coverage was not associated with children’s depressive or anxiety symptoms. These null findings between neighbourhood greenspaces & internalising symptoms were unexpected by the author in light of previous evidence. One limitation they felt may have impacted this, was that they did not control for father and/other caregiver’s anxiety or depressive symptoms. 

Adjusted for ethnicity (Hispanic or non-Hispanic) and SES. 







Table 2: Summary results. 

	Table 2: Summary results of the included reviews and cohort studies 

	Study 

	How they have defined nature and the nature intervention 
	Level of detail in how 
a) nature and b) the nature intervention were defined. 
Red= poor (unable to categorize into framework)
Yellow= some detail (but insufficient to categorize into framework) 
Green= good (enough detail to categorize into proposed framework, with framework category detailed). 

	Outcomes 

Summary results indicated by (+) where nature is reported to have a beneficial impact, (U) where results are unclear (plus further descriptive detail providing context), and (-) for results suggesting nature may have a negative impact on mental health and well-being. 


	Child population: reviews  

	Alderton et al. 2019 

 
	Nature & public
open space ‘i.e., publicly accessible land, such as a park, that may be used for recreation purposes’

Examined the quality, quantity or access to neighborhood public open space

	a) poor 
	Mental health difficulties (+)

Mental health competence (+)


	
	
	b) good: access, quantity and quality
	

	De Keijzer et al. 2016

	'Green space or natural environment…including parks or gardening etc’

Exposure to green space (however studies included those examining surrounding green space, views of greenness at school, activities in a green setting)

	a) poor 
	Cognition (+)


	
	
	b) aimed to look at exposure, but included studies that conceptualized this is different ways  
	

	Luque- Garcia et al. 2022


	'Greenness…refers to landscapes dominated by vegetation’

Exposure to greenness (but studies actually were mostly measures of surrounding greenness, some assessed for access and some asked about use)

	a) some detail but insufficient 
	Neuropsychological development (+)

Mental health (+) 


	
	
	b) aimed to look at exposure, but included studies that conceptualized this is different ways  
	

	Dankiw et al. 2020



	Nature was highlighted as: forest, green spaces, outdoors, gardens and natural elements

Play within nature

	a) detailed but heterogeneous and unable to categorize 

	Cognitive development (+) 

Social outcomes (+)

Emotional outcomes (+)


	
	
	b) engagement 
	

	Child population: cohort studies 

	Almeida et al. 2022

	‘Greenness’

Exposure to greenness and accessibility to green and blue spaces in the home and school surroundings

	a) poor 

	Performance IQ & global IQ (+)







	
	
	b) accessibility and exposure 
	

	Anabitarte et al. 2022

	‘Greenspace’. Defined in the introduction: ‘urban greenspaces are defined as land that is partly or completely covered with grass, trees, shrubs, or other vegetation… greenspace includes parks, community gardens, and cemeteries’

Exposure to greenspace
	a) detailed but heterogeneous and unable to categorize 
	Attention 
(+): cross-sectional evidence
(U): longitudinal evidence 

Findings in direction of change to support green space exposure being beneficial, however results from longitudinal analysis did not reach significance. A significant difference was only seen at the cross-sectional analysis using a 300 m buffer around home. 
Study did not control for pollution, social engagement or exercise and looked at proxy measures of exposure.


	
	
	b) aimed to look at ‘exposure’ but did this by measures of surrounding green space and accessibility (availability) 
	

	Naya et al. 2022

	Looked at ‘park coverage’ and ‘greenness’ exposure 
	a) poor 

	Internalizing symptoms (U)

No significant associations in cross-sectional or longitudinal analyses for depressive or anxiety symptoms. Did not control for pollution (air/noise), social engagement or exercise. Used proxy measures of green space exposure. 

	
	
	b) access and exposure. (Park coverage –access to parks, and greenness exposure- used proxy measure being surrounding greenness)

	

	Adolescent population: reviews  

	Fleckney et al. 2021

	Urban public realm of which surrounding green space was a key focus. Did not define ‘green space’. Some studies looked at parks, some ‘green cover’

Didn’t pre-specify or define type of nature intervention. Some studies looked at exposure, some access, some ‘use’, some detailed quantity and quality of greenspace

	a) poor

	Mental health & well-being 
(+): cross-sectional evidence
(U): longitudinal evidence

2 out of 4 longitudinal studies found support for nature’s beneficial effects, however significance was not discussed and these studies had moderate or high risk of bias. Of the other 2 studies, 1 found mixed results in men and women- with little positive impact in men and a negative impact in women (however significance was not reported and the study had moderate risk of bias). The final study found no evidence of an association (positive or negative). This study had moderate to high risk of bias. 


	
	
	b) not pre-defined. Detailed in some studies but not all and heterogenous
	

	Reece et al. 2021
 
	‘Green space’ in the urban environment

Exposure to nature, that was broadly defined to include any length of time exposed to green space or nature (e.g. including one-off exposures and longer-term residential exposure)
	a) poor
	Anxiety and depression (U)

Unable to conclude benefit, due to the lack of studies examining clinical measures of anxiety and depression. Of 201 studies, only 11 examined depression outcomes, 17 anxiety outcomes and 26 both (anxiety & depression), with the rest (n=147; 73.1%) examining ‘other’ outcomes (e.g.: mood, well-being, stress, self-esteem, quality of life). They did not report study characteristics or findings of included studies examining depression/anxiety outcomes. 


	
	
	b) aimed to look at exposure, but included studies that conceptualized this is different ways (e.g.: some involved engagement with nature, some use, some exposure…) 
	

	Zhang et al. 2020

	Green space was defined as urban areas of vegetation. In the introduction they also detail other definitions of green space

Intervention not clearly defined, but they discuss different ways of looking at green space in introduction (e.g.: accessibility, use, quantity, quality) 

	a) unclear 


	Mental health (+)

	
	
	b) not pre-defined (and varied between individual studies)  
	

	Fang et al. 2021

	Outdoor Education Programs (OEPs) defined as: 'an intervention that included outdoor-related activities e.g.: outdoor camping, wilderness adventure, nature-based field trips, resident camp, backpacking trip

	a) setting of OEP appears to be in ‘natural environments’, but not made explicit  
	Self-efficacy (+)

	
	
	b) nature engagement 
	

	Child and adolescent populations: reviews

	Bikomeye et al. 2021

	‘School yard greening’ Not pre-defined but later described majority of studies as traditional schoolyard greening interventions where outdoor school environment is changed with a combination of natural elements. In one study the greening intervention consisted of adding AstroTurf in schools’ major playground reconstructions

	a) detailed but varied across studies
	Socioemotional health (+)

	
	
	b) engagement 
	

	Fyfe-Johnson et al. 2021

	Looked at ‘nature contact’ (but didn’t define what they meant by nature). In results categorized nature as gardening, green space activity (e.g.: green space not near residence or school), residential green space, school green space, greening intervention, wilderness experience, nature walk, and 'other'

	a) poor 


	cognitive, behavioural and/mental health outcomes (+)

	
	
	b) poor (not made explicit, and included studies were very heterogeneous) 
	

	Mann et al. 2022

	Looked at learning activities outside in nature which they called NSLOtC (nature-specific learning outside the classroom). This included practical and experiential learning activities conducted outside in school grounds and other locations such as parks, forests, residential camps/centers or on expeditions

	a) gave examples, but type of nature varied amongst studies and was not always clearly defined to allow the use of the framework 
	personal & social development, well-being and academic progress (+)

	
	
	b) engagement 
	

	McCormick et al. 2017

	Looked at ‘green space’. Defined green space in the introduction as: “an area of grass, trees, or other vegetation set apart for recreational or aesthetic purposes in an otherwise urban environment”
Included studies looking at multiple things e.g.: some looked at exposure, some looked at access

	a) good. Human designed environment with natural elements 
	mental well-being, overall health and cognitive development (+)

	
	
	b) aimed to look at access to green space, but included studies that looked at exposure as well
	

	Mygind et al. 2019


	Examined immersion in natural environments. 
Namely the Scandinavian tradition called friluftsliv (which includes concepts of, e.g. ‘outdoor life’, ‘outdoor recreation and education’ or ‘adventure recreation and education’, but with an emphasis on the experience of closeness to nature during the activity)
	a) natural environments

 
	Mental health outcomes of: self-esteem, self-efficacy, resilience, academic & cognitive performance, skill-orientated & behavioural indicators (+)

Self-concept, problem solving and mood (U)

Examining the evidence on self-concept, problem solving and mood, the evidence appears to point in the direction of nature being beneficial; however, there is a greater mixture of both null and significant positive results making us less certain


	
	
	b) engagement 
	

	Stea et al. 2022

	'Nature'- looked at family-based therapy taking place outdoors. This could be for example: ecotherapy, adventure therapy, outdoor rehabilitation, nature-based programs, wilderness programs, forest bathing, and/or bushcraft (as long as role of nature was intended to have therapeutic benefits)
 
	a) examples given but not clearly defined and varied amongst studies 
	Family & peer relationships, adolescent behaviour, mental health, self-perceptions/self-concept, social engagement, delinquency rates & school success (+)

	
	
	b) engagement. Some (but not all) studies included detail on quantity
	

	Sprague et al. 2022



	Did not predefine what they meant by ‘green space’, however results indicated studies defined it in many ways. Some studies looked at distance to greenspace, some detailed type of greenspace (e.g., parks, agriculture, gardens, etc.), some detailed if and how greenspace was used (e.g., walking, playing, etc.) and some looked at frequency of use
	a) not pre-defined but results included studies where some of this detail was given e.g.: garden. However, studies varied in what they were examining

	Mental health & well-being (+)

Attention and behaviour (+)

Cognitive & brain outcomes (+)

	
	
	b) some detail given but varied across included studies therefore difficult to implement framework 

	

	Tillmann et al. 2018


	Looked for an intervention that incorporated an element of nature. What this meant varied amongst studies, e.g.: some looked at ‘greenspace’, some ‘gardens’, some ‘vegetation’, some ‘wilderness therapy’.   
Categorized studies based on the intervention type- some looking at exposure, some accessibility, some engagement
	b) unable to use framework as definition of nature varied across included studies

	Mental health outcomes: ADHD, overall mental health, stress, resilience, health-related quality of life (+)

Emotional well-being, self-esteem, depression (U)

Depression: no good quality study examined depression, of the 3 fair quality studies, 1 found significant positive results, 1 mixed results, 1 null results. 
Well-being: 4 good quality studies with 2 studies reporting significant positive results, 1 study mixed results (significant positive & null results), and 1 study null results. 
Self-esteem: 2 good quality studies, 1 study finding null results and other finding significant positive results when looking at greenspace use but null results looking at residential greenspace quantity. 


	
	
	b) intervention type varied amongst included studies but could be put into framework (engagement, exposure, access), however detail lacking on quantity and quality in studies
	

	Vanaken et al. 2018


	‘Green space’ exposure in residential or school surroundings. 
Measured subjectively or objectively e.g.: remote sensing data or land cover maps or via questionnaires
	a) poor- did not define what they meant by green space

	Emotional & behavioural difficulties, especially hyperactivity & inattention problems (+)

Wellbeing in children or depressive symptoms in adolescents (+)

	
	
	b) exposure (some studies looked at a proxy to exposure- surrounding green space) 

	

	Zare et al. 2022

	In introduction, introduces definition of nature as 'natural environments’ including ‘greenspace’ (defined as land that is partly or completely covered with grass, trees, shrubs, or other vegetation). 
Aimed to look at green space exposure, however included studies did this in different ways (e.g.: surrounding greenness and proximity to green spaces)
	a) wide definition that spans framework 

	Behavioral problems (+)

	
	
	b) aimed to look at exposure. Studies mostly did this by proxy measures (surrounding greenness and proximity). A small number of studies looked at ‘use’ and quality
	

	Child and adolescent population: cohort studies 

	Ahmed et al. 2022

	In introduction, highlighted that greenspace is not consistently defined, but usually refers to land covered by vegetation (e.g.: forests, grass, parks, & gardens). Looked at greenspace in residential surroundings. Did this by looking at surrounding greenspace/vegetation and non-green vegetation as well as parkland
	a) not clear in their definition used and unable to fit into framework 

	Childhood development & academic outcomes (U)

Direction of change was in support of nature’s beneficial effects, but did not reach significance. Used proxy measures of exposure- NDVI and fractional cover of non-photosynthetic/green vegetation (fNPV) (e.g.: sand, rock) within 100 m and 500 m buffers around the home. Did not adjust for neighbourhood socio-economic status, pollution, exercise or social engagement.

	
	
	b) looked at surrounding greenspace which is often used as a proxy measure of ‘exposure’. They also looked at ‘access’ due to their additional measure of looking at surrounding parkland. 
	

	Bloemsa et al. 2022

	Aimed to look at residential exposure to ‘green space’ and different types of green space (i.e., urban, natural and agricultural). 
Did not clearly define what they meant by green space 
	a) poor


	Mental well-being (+)

	
	
	b) looked at surrounding greenspace (as a proxy of exposure). Do not know whether this greenspace includes gardens or parks which could be a measure of ‘access’
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AMSTAR 2 Tool colour key: Red- no, orange- partial yes, green- yes, grey- N/A. 
AMSTAR 2 Tool question key:
1. Did the research questions and inclusion criteria for the review include the components on the PICO?
2. Did the report of the review contain an explicit statement that the review methods were established prior to conduct of the review and did the report justify any significant deviations from the protocol?
3. Did the review authors explain their selection of the study designs for inclusion in the review?
4. Did the review authors use a comprehensive literature search strategy?
5. Did the review authors perform study selection in duplicate?
6. Did the review authors perform data extraction in duplicate?
7. Did the review authors provide a list of excluded studies and justify the exclusions?
8. Did the review authors describe the included studies in adequate detail?
9. Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were included in the review? For RCTS (randomized controlled studies) and for NRSI (non-randomized studies of interventions). 
10. Did the review authors report on the sources of funding for the studies included in the review? 
11. If meta-analysis was justified did the review authors use appropriate methods for statistical combination of results? For RCTs and for NRSIs. 
12. If meta-analysis was performed did the review authors assess the potential impact of RoB in individual studies on the results of the meta-analysis or other evidence synthesis?
13. Did the review authors account for RoB in individual studies when interpreting/ discussing the results of the review?
14. Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review?
15. If they performed quantitative synthesis did the review authors carry out an adequate investigation of publication bias (small study bias) and discuss its likely impact on the results of the review?
16. Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review?


Results of risk of bias assessment of the cohort studies published after the date of the last review, using the adapted Newcastle- Ottawa Scale (NOS) risk of bias tool for cohort studies. Numbers refer to questions in the NOS tool and detailed below the table. 

	Cohort studies- 
	SELECTION 
	 
	 
	COMPARABILITY 
	OUTCOME 
	 
	 
	TOTAL  STARS 
	RATING

	 
	1
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	3
	4
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	7
	8
	 
	 

	 
	Represent-ativeness 
	selection 
	exposure 
	start
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	Assessment 
	follow-up
	adequacy 
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	poor 

	Putra 2022
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	x
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	x
	x
	x 
	x  
	7
	good 

	Camerini 2022
	x
	x
	 
	 
	x
	x
	 
	x 
	5
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Newcastle- Ottawa Scale (NOS) adapted for Cohort studies. 
Key: 
Green- low risk of bias
red- high risk of bias. 
X= star awarded (low risk of bias), identified as * below. Note: some sections can be awarded up to 2 stars.  

Selection:
1. Representativeness of the exposed cohort:
a. Truly representative * 
b. Somewhat representative *
c. Selected group 
d. No description of the derivation of the cohort 
2. Selection of the non-exposed cohort:
a. Drawn from the same community as the exposed cohort *
b. Drawn from a different source 
c. No description of the derivation of the non-exposed cohort 
3. Ascertainment of exposure:
a. Secure/objective record (e.g.: NDVI, GPS mapping) *
b. Structured interview *
c. Written self-report 
d. No description 
e. Other 
4. Demonstration that outcome of interest was not present at start of study: 
a. Yes *
b. No 
Comparability:
5. Comparability of cohorts on the basis of the design or analysis controlled for confounders. 
a. The study controls for age, sex, socioeconomic status*
b. Study controls for other factors: pollution, noise, social contact/engagement and exercise*
c. Cohorts are not comparable on basis of design/analysis did not control for confounders  
Outcome:
6. Assessment of outcome:
a. Independent blind assessment using objective validated tests **
b. Unblinded (or blinding not reported) assessment using objective validated tests *
a. Used non-standard or non-validated tests
b. Self-report
c. Other 
d. No description
7. Was follow-up long enough for outcomes to occur: 
a. Yes * (1 year minimum – felt suitable time frame to assess long term/sustainment of mental health effects of green space exposure considering neuroplasticity etc) 
b. No 
8. Adequacy of follow-up cohorts 
a. Complete follow-up – all subjects accounted for *
b. Subjects lost to follow-up unlikely to introduce bias- number lost less than or equal to 20% or description of those lost suggested no different from those followed *
c. Follow up rate less than 80% and no description of those lost 
d. No statement 
Scoring 
Good quality: 3 or 4 stars in selection domain AND 1 or 2 in comparability domain AND 2 or 3 stars in outcome/exposure domain 
Fair quality: 2 stars in selection domain AND 1 or 2 in comparability domain AND 2 or 3 stars in outcome/exposure domain
Poor quality: 0 or 1 stars in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in outcome/exposure domain
Results of risk of bias assessment of the cross-sectional studies published after the date of the last review, using the adapted Newcastle- Ottawa Scale (NOS) risk of bias tool. Numbers refer to questions in the NOS tool and detailed below the table. 
	Cross-sectional
	SELECTION 
	 
	 
	COMPARABILITY 
	OUTCOME 
	 
	TOTAL  STARS 
	RATING 

	 
	1
	2
	3
	4
	5
	6
	7
	 
	 

	 
	Represent-ativeness 
	sample size 
	non-respondents 
	exposure 
	comparability 
	Assessment 
	statistical test 
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	fair 
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	fair 

	Feng 2022
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	fair 
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	3
	poor 
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	x
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	4
	poor 

	Perez-del-Pulger 2021
	x
	 
	 
	x 
	x
	xx
	x
	6
	fair 

	Nigg 2022
	x
	 
	 
	x
	x
	xx
	x
	6
	fair 

	Ezpeleta 2022
	x
	 
	x
	x
	x
	x
	x
	6
	fair 



Newcastle- Ottawa Scale (NOS) adapted for cross-sectional studies. 
Key: 
Green- low risk of bias
red- high risk of bias. 
X= star awarded (low risk of bias), identified as * below. Note: some sections can be awarded up to 2 stars.  

Selection:
1. Representativeness of the sample:
a. Truly representative of the average in the target population * (all subjects or random sampling)
b. Somewhat representative of the average in the target group * (non-random sampling)
c. Selected group of users/convenience sample
d. No description of the derivation of the included subjects
2. Sample size:
a. Justified and satisfactory (including sample size calculation) *
b. Not justified
c. No information provided
3. Non-respondents:
a. Proportion of target sample recruited attains pre-specified target or basic summary of non-respondent characteristics in sampling frame recorded *
b. Unsatisfactory recruitment rate, no summary data on non-respondents
c. No information provided
4. Ascertainment of the exposure (risk factor):
a. Objective measure of surrounding nature/green space e.g.: NDVI or GPS/mapping (accessing access/availability/proxy to exposure) and measure of green space use (e.g.: self-report of use) **
b. Objective measure of surrounding nature/green space e.g.: NDVI or GPS/mapping (accessing access/availability/proxy to exposure) only*
c. Parental/personal recall only.
Comparability: (Maximum 2 stars)
5. Comparability of subjects in different outcome groups on the basis of design or analysis. Confounding factors controlled.
a. [bookmark: _Hlk130218222]Data/results adjusted for age, sex, socioeconomic status *
b. Data/results adjusted for pollution, noise, social contact/engagement and exercise*
c. Data/results not adjusted for all relevant confounders/risk factors/information not provided. 
Outcome: (Maximum 2 stars)
6. Assessment of outcome:
a. Independent blind assessment using objective validated tests **
b. Unblinded assessment using objective validated tests *
c. Used non-standard or non-validated tests
d. No description/non-standard methods used
7. Statistical test:
a. Statistical test used to analyse the data clearly described, appropriate and measures of association presented including confidence intervals and probability level (p value) *
b. Statistical test not appropriate, not described or incomplete
Cross-sectional Studies scoring:
Good Studies: 8-10 stars 
Fair Studies: 5-7 stars 
Poor Studies: 0 to 4 stars 

This scale has been adapted from the Newcastle-Ottawa Quality Assessment Scale for cohort studies to provide quality assessment of cross-sectional studies. 



Results of risk of bias assessment of the experimental studies (all were non-randomized) published after the date of the last review, using the ROBINS-I risk of bias tool. Details of the ROBINS-I tool can be found below the table. 
	Non-randomized experimental studies - ROBINS-I
	 
	 
	 
	 
	 

	 
	Confounding 
	Selection 
	classification 
	deviations 
	missing data 
	outcomes
	reporting 
	overall bias 

	Jeon 2021
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	moderate 
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	serious 
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	serious 

	Dettweiler 2022
	 
	 
	 
	 
	 
	 
	 
	moderate 

	Sachs 2022
	 
	 
	 
	 
	 
	 
	 
	moderate 

	Scultz 2022 
	
	 
	 
	 
	 
	 
	 
	serious



Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) tool. 
Key: 
Blue: low risk of bias 
Yellow: moderate risk of bias
Orange: serious risk of bias
Red: critical risk of bias 
Grey: no information 

Pre-specified list of confounding domains relevant to all or most studies: Exercise, social contact, noise, pollution. 
Pre-specified list of co-interventions that could be different between intervention groups and that could impact on outcomes: Exercise, social contact, counselling/psychological therapy, training/skills acquisition, mentoring/couching.

For full quality assessment tool, see our protocol on the OSF website (searching the papers title), however key domains were (highlighted in the table headings): 
· Bias due to confounding 
· Bias in selection of participants into the study
· Bias in classification of interventions  
· Bias due to deviations from intended interventions
· Bias due to missing data
· Bias in measurement of outcomes  
· Bias in selection of the reported result
· Overall bias








Figure 2: Number of nature studies published (identified via title/abstract screening for the study protocol's Medline search strategy)

no of studies (abstract screening)	2022	2021	2020	2019	2018	2017	2016	2015	2014	2013	2012	2011	2010	2009	2008	2007	2006	2005	2004	2003	2002	2001	2000	1999	1998	1997	1996	1995	1994	1993	1992	1991	1990	1989	1988	1960-1987	25	25	24	22	23	10	9	4	6	3	1	4	2	1	1	1	1	1	1	


Figure 3: Number of nature Systematic Reviews published per year (identified via title & abstract screening from the study protocol's Medline search strategy)
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