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Abstract  
Green spaces have been associated with a wide range of health benefits in adults, including mental health; 
however, there are relatively limited data about the relationship between exposure to natural environment 
and children's and adolescents’ mental health, and particularly depression. The aim of this review was to 
synthesise and discuss the literature regarding the effect of the natural environment on preventing 
depression among children and adolescents and also to identify potential mediating factors. Based on 
most studies, exposure to green spaces, especially in urban environments, was shown to contribute to the 
prevention of depression among children and adolescents. Specifically, increased exposure to greenery 
was shown to reduce by 6% to 11% the risk of depression in children and adolescents, and this association 
was more powerful in urban areas with higher population density. High levels of exposure to green spaces 
during childhood were also significantly associated with a lower risk of depression in later life with the 
risk of subsequent mental illness for individuals who lived in areas with low levels of greenery during 
childhood being 55% higher than for those who lived in areas with higher green coverage. However, 
above associations were not confirmed across studies, and findings regarding potential mediating factors 
were inconsistent. This review has shown high heterogeneity of the identified studies, using different 
samples, both in size, age and participants’ characteristics, different outcome measures and different tools 
for estimating outcome measures. Further research is needed to investigate the impact of the natural 
environment on preventing depression in the case of children and adolescents, while future studies need 
to utilize similar participant criteria and common outcome measures and instruments, to allow for 
comparison of the findings.  
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Introduction  

Exposure to natural environments, including 
both green spaces (trees, grass, etc.) and blue 
spaces (rivers, lakes, etc.), appears to provide 
significant health benefits, particularly for 
people's mental health (Silva, Rogers and 
Bugley, 2018; Helbich et al., 2019; Perrino et 
al., 2019). The terms 'nature' and 'natural 
environment' refer to spaces where most 
ecosystem processes are present, including 
habitats, ranging from wildlife environments 
to parks and gardens in urban settings (Snell 
et al., 2016). Time spent in nature, can provide 
significant benefits to physical health, and 
also to mental health and well-being of middle 
-aged and older adults (South et al., 2018; 
Abraham Cottagiri et al., 2022). Spending 
time in nature appears to significantly 
improve an individual's responses to 
psychological and physiological stress, 
facilitate social interaction, restore attention 
and encourage physical activity, all being 
means of improving mental health 
(Nieuwenhuijsen et al., 2017; Fong, Hart and 
James, 2018). Furthermore, adults’ living in 
urban areas is associated with an increased 
risk of serious mental disorders compared to 
people living in rural areas; in specific, urban 
residents show significantly higher rates of 
depression, post-traumatic stress disorder, 
schizophrenia, paranoia and distress 
(Buttazzoni et al., 2022). 

In this context, research has largely focused 
today on the impact of nature on various 
aspects of mental health, such as mental 
resilience, general psychiatric morbidity, 
anxiety and depression (South et al., 2021). 
However, findings across different studies are 
inconsistent and while some studies show 
positive relationship between exposure to the 
environment and mental health, others have 
reported a non-statistical association between 
the two (Alcock et al., 2015; de Bell et al., 
2017; Helbich et al., 2019). Regarding 
depression, a leading cause of disability 
globally (Friedrich, 2017), according to a 
large population-based cross-sectional study, 
visiting green spaces for 30 minutes per week 
reduces the prevalence of depression in the 
general population by 7% (Shanahan et al., 

2016; South et al., 2021). At the same time, 
the presence of green space in 
neighbourhoods leads to lower levels of 
depression in residents of these areas, while a 
significant reduction in depression rates has 
been observed among older people living in 
retirement homes in neighbourhoods with 
more trees (Browning, Lee and Wolf, 2019; 
Nishigaki et al., 2020; South et al., 2021). 
Furthermore, the link between nature and 
mental health became particularly evident 
during the COVID-19 pandemic, as those 
restricted from going outdoors experienced 
the highest levels of anxiety and depression 
(Young et al., 2022).  

The mechanisms through which green spaces 
can influence depression and neuro-
behavioural problems in general are 
numerous and include, among others, the 
following: increasing physical activity, 
relieving mental fatigue and anxiety/stress, 
fostering social interactions and facilitating 
social ties (Cohen-Cline, Turkheimer and 
Duncan, 2015). For example, regular physical 
activity is associated with lower symptoms of 
depression and anxiety, while walking in 
nature may benefit the mental health of adults 
to a greater extent than walking in urban 
environments with results being significant 
among adult individuals with depression 
(Watkins-Martin et al., 2022). It is worth 
noting that although there has been 
considerable research in recent years on the 
benefit of green exposure on depression in 
adults, the research on exposure to blue spaces 
is much limited, although there are indications 
for their possible benefit for wellbeing, 
including depression (Gascon et al., 2015; 
Dempsey et al., 2018). School-aged children 
often experience high levels of stress, anxiety, 
depression, and mental health problems 
(Bang et al., 2018) while in adolescence, the 
most common mental health disorders are 
anxiety and depression, with a prevalence of 
30% and 13%, respectively (Hartley et al., 
2021).  

Nature has shown to help children improve 
their psychological functioning, think more 
clearly, cope with their problems, and feel 
relaxed and free (Corraliza, Collado and 
Bethelmy, 2012; Bang et al., 2018). Time 
spent in nature or viewing the natural 
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environment from classroom windows can 
significantly improve students' perceived 
stress and fatigue levels (Lee and Sullivan, 
2016; Lindemann-Matthies et al., 2021). 
Many researchers argue that contact with 
nature during childhood is essential for 
healthy development due to the fact that green 
spaces enable physical exercise, promote 
identity construction, provide a context for 
learning about the world, and reduce stress 
levels, benefits which continue into an adult 
life (Snell et al., 2016). The presence of 
greenery in neighborhoods has shown to 
comprise a protective factor for the 
development of behavioral externalization 
problems among adolescents (Weeland et al., 
2019). In a systematic review (Vanaken and 
Danckaerts, 2018), a beneficial association 
was found between green exposure and 
children's behavioral and emotional 
difficulties, particularly in attention and 
hyperactivity problems. Similarly, another 
review (Zhang et al., 2020) examining the 
association between green spaces and mental 
wellbeing of adolescents, found significant 
beneficial effects of exposure to greenery on 
mood, stress, depressive symptoms, 
psychological distress, mental health, 
emotional wellbeing and behavior.  

Nevertheless, although green spaces have 
been associated with a wide range of health 
benefits in adults, there are relatively limited 
findings regarding the relationship between 
exposure to nature and green spaces, and 
children's and adolescents’ mental health, 
particularly the prevention of depression 
(Gascon et al., 2015). However, the effects of 
the natural environment on people's health, 
and in particular on depression, can vary 
significantly between different age groups 
(Zhou et al., 2022). Furthermore, an 
individual’s exposure to nature during 
childhood and adolescence might affect the 
development of depression in adulthood 
(Snell et al., 2016). In this context, the aim of 
this review was to synthesise and discuss the 
literature published in English between 2017- 
2023, concerning the effect of the exposure of 
children and adolescents to the natural 
environment on preventing depression as well 
as potential mediating factors between 
exposure to nature and depression for this age 
group.  

 

Exposure to green spaces and depression  

Children and adolescents with higher 
exposure to green spaces had a 6% lower 
incidence of major depression symptoms, and 
this relationship was stronger in areas with 
higher population density; hence, living in an 
area with a greater amount of green space 
during childhood may be particularly 
beneficial for the mental health of these 
individuals, especially in more urbanized 
areas (Bezold et al., 2018b). Meanwhile, in a 
sample of adolescents aged 12- 18 years, an 
interquartile increase in green space scoring at 
a distance of 1250m was associated with an 
11% lower likelihood of developing 
symptoms of major depression. This 
association was slightly higher in middle 
school students compared to high school 
students; however, this difference was not 
statistically significant (Bezold et al., 2018a). 
The statistically significant association 
between increased exposure to greenery, the 
presence of native vegetation, or a higher rate 
of exposure to nature and reduced depressive 
symptoms in adolescents was confirmed in 
another study (Mavoa et al., 2019).  

A reduction in children's behavioral problems 
was observed in a study (Liao et al., 2020) to 
be associated with exposure to greenery 
around the kindergarten and with balanced 
exposure to greenery at home and the 
kindergarten. Specifically, a one inter-quartile 
range increase in the green exposure score 
around kindergarten and in the green exposure 
score after balancing for kindergarten and 
residential exposure was associated with 
reduced overall behavior scores, but also with 
a reduced risk of developing depression, 
anxiety, aggressive behavior, and 
hyperactivity and attention deficit disorder.  

The presence of greenery around children's 
homes did not appear to be associated in 
statistically significant degree with 
selfreported symptoms of depression and 
anxiety in 12-year-old children, with the 
exception of the separation-related anxiety 
scale, which was significantly associated with 
the presence of greenery at 400 and 800 
meters from the children's home (Hartley et 
al., 2021).  
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Therefore, in this study, no direct relationship 
was observed between greenery and overall 
symptoms of depression and anxiety in 
adolescents; however, the presence of 
greenery at distances 400 and 800 meters 
from home appeared to reduce separation 
anxiety symptoms for the 12 year olds.  

However, according to another study (Lin et 
al., 2022), adolescents living in an urban area 
and attending urban schools tend to have 
significantly lower rates of depression, stress 
and anxiety than adolescents living in rural 
areas and attending urban schools or 
adolescents living in rural areas and attending 
rural schools. At the same time, depression 
was significantly and strongly associated with 
adolescent executive dysfunction, and among 
adolescents with depression, those living in 
urban settings and attending urban schools 
have a higher risk of executive dysfunction 
compared to adolescents living in rural areas 
and attending rural schools (Lin et al., 2022).  

Other studies showed no direct and 
statistically significant relationship between 
exposure to greenery and overall depressive 
symptoms in adolescents (Hartley et al., 
2021), or between higher percentages of green 
spaces in schools, or in neighborhood park 
areas, and children's symptoms of depression 
or anxiety (Sajady et al., 2020; Naya et al., 
2022). For example, higher percentages of 
shrubs, grass, and trees in schools were not 
shown to be associated with externalizing and 
internalizing behaviors, including depression, 
in fifth-grade students (Sajady et al., 2020).  

An intervention including lectures to promote 
physical and psychosocial health and 
activities in urban forests specifically 
designed for children was shown to result in 
significant reduction in depressive symptoms 
and improvement in self-esteem in 
elementary school children in vulnerable 
populations (Bang et al., 2018). In contrast, 
engagement with nature in the context of a 
school-based intervention that included 
hydroponic planting combined with health 
promotion activities, was not effective in 
significantly improving depression levels in 
early adolescent students (Kwok et al., 2021). 
However, a significant positive effect on 
adolescents' mental health was found in 
engaging them in home gardening activities; 
in particular, depression symptom levels were 

reduced and mental well-being was promoted 
among adolescent students who were 
involved in these activates (van Lier et al., 
2017). The indirect relationship between 
depression and nature-based intervention was 
examined by a recent study (Sobko et al., 
2020), which involved 54 preschool children 
in a 10-week structured nature-related ‘Play & 
Grow’ program and found that children were 
significantly more connected to nature after 
the intervention while their gut microbiota 
altered, especially by modulating the 
abundance of Roseburia and the fecal-
serotonin level, while reduction in the overall 
perceived stress was also noted among these 
children. These findings are important and 
need further attention, as the metabolic by-
products of gut microbiota, shortchain fatty 
acids, are found to have a potential 
contribution to depression phenotype.  

Literature has also examined the effect of 
childhood exposure to nature on the 
development of depression in adult life. 
Exposure to greenery, and in particular to 
domestic green spaces during childhood, has 
shown to have direct and indirect effects on 
contact with nature, connection to nature, and 
mental well-being and health in adulthood (Li 
et al., 2022).  

Furthermore, urbanization during childhood 
appears to be significantly associated with the 
onset of depression in late adulthood, 
particularly evident for individuals who spent 
their childhood in semi-urban areas as they 
showed a 3.4 average increase in the risk of 
reporting 4 or more symptoms of depression 
after the age of 50 years (Howdon, Mieran 
and Liew, 2019).  

According to a similar study (Engemann et 
al., 2019), high levels of exposure to greenery 
during childhood were also significantly 
associated with a lower risk of developing 
depression and other psychiatric disorders in 
later life, and this significant association 
remained even after adjusting for different 
socio-demographic characteristics. In 
particular, it was shown that the risk of 
subsequent mental illness for individuals who 
lived in areas with low green cover during 
childhood was 55% higher in comparison to 
those who lived in areas with higher green 
coverage. 
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Mediating factors between exposure to 
natural environment and depression  

Both the quality and quantity of green spaces 
appear to be significantly related to children's 
well-being and to externalizing and 
internalizing problems, including depression 
(Feng and Astell-Burt, 2017). The 
relationship between green space quality and 
depression appears to be mediated by specific 
personality traits, such as introversion or 
neuroticism, but this was only observed in 
females; in specific, among adolescent girls, 
green space quality was associated with a 
decrease in mean internalizing problem scores 
and higher levels of introversion or 
neuroticism, whereas among male 
adolescents, green space quality did not affect 
the associations between neuroticism, 
introversion, and internalizing scores at all 
(Feng et al., 2022). The relation detected in 
the literature between urban living and semi-
urban living during childhood and 
development of depression in later life 
(Howdon, Mieran and Liew, 2019), appeared 
to differ based on exposure to different kinds 
of green spaces and was stronger in women 
than in men, while the associations between 
exposure of preschoolers to greenery in 
kindergarten and reduction of behavioral 
problems, including a reduced risk of 
depression, were stronger among boys than 
girls (Liao et al., 2020). The concentration of 
nature was significantly and negatively 
associated with adolescents' depression and 
overall mood in another study (Li et al., 
2018); however, this relationship was not 
found to be mediated by demographic and 
socioeconomic characteristics of adolescents.  

In a later study (Madzia et al., 2019), the 
prevention of depression was significantly 
associated with exposure to green spaces only 
in the case of children aged 12 years and not 
in the 7 year olds’ age group. This finding 
suggests that age may be a mediating factor in 
the relationship between green space and 
depression, and it is possible that the 
inconsistencies between different studies are 
due to the different age distribution of 
children and adolescents in the samplesthey 
evaluated.  

The percentage of green spaces was found in 
a recent study (Zhang et al., 2022) to have a 
significant negative effect on adolescents' 

emotional well-being and inconsistent 
impacts regarding the development of 
depression, while the effect on mental well-
being and depression differed according to the 
distance between green spaces and 
adolescents' residence. Depressive symptoms 
and emotional well-being were more strongly 
related to other individual and neighborhood 
factors (e.g., neighborhood deprivation). 
However, it is worth noting that after 
adjusting for control variables, no statistically 
significant associations were observed 
between green space and the presence of 
depressive symptoms or the emotional well-
being of adolescents in this study.  

Bray et al. (2021) in their 20-year literature 
search (2000-2020) on whether exposure to 
green and blue spaces could reduce the risk of 
developing anxiety and depression in young 
people aged 14-24 years living in urban 
environments, found that the presence of 
natural environment or walking or living in 
green spaces could improve mood and 
temporary anxiety while the relationship 
between green exposure and mental health 
appeared to be mediated by mindfulness, 
physical activity and social interaction. 
Authors conclude that the absence of noise 
and the restorative qualities of green spaces 
promote mindfulness and interrupt 
rumination, which in turn decrease the risk of 
anxiety disorders and depression.  

Discussion and conclusions  

Childhood and adolescence are critical 
periods for human development and growth, 
and mental illness among young people can 
occur as a result of various physical, social 
and emotional contributing factors, including 
exposure to natural environment (Buttazzoni 
et al., 2022). In this context, particularly 
increased interest has recently emerged about 
the effects of green spaces on the mental 
health of children and adolescents (Snell et 
al., 2016). Studies showed a significant 
association between increased exposure to 
greenery and the prevention of depression. 
Specifically, increased exposure to greenery 
can reduce by 6% to 11% the risk of 
developing depression in children and 
adolescents, and this association is strongest 
in urban areas with higher population density 
(Bezold et al., 2018a, 2018b; Mavoa et al, 
2019). Even a one inter-quartile range 
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increase in green exposure scores around 
kindergarten was associated, according to 
another study, with a reduced risk of 
developing depression, and this association 
was stronger among boys than girls (Liao et 
al., 2020). 

A paradoxical finding is that adolescents 
living in an urban area and attending urban 
schools tend to have significantly lower rates 
of depression than adolescents living in rural 
areas and attending urban schools or 
adolescents living in rural areas and attending 
rural schools (Lin et al., 2022). Considering 
that in rural areas, adolescents are exposed 
more frequently and more to the natural 
environment, one would expect that 
adolescents living in rural areas and attending 
schools in rural areas would have lower levels 
of depression, an assumption that is in stark 
contrast to the findings of the Lin et al. (2022) 
study. 

However, growing up in an area with a greater 
percentage of greenery can be particularly 
beneficial for the mental health of these 
individuals, especially in more urbanized 
regions, and this positive effect can be 
observed both in childhood and adolescence, 
as well as in later adult life (Bezold et al., 
2018b). Childhood urbanization has been 
significantly associated with the onset of 
depression in late adulthood, and the 
association between urban and semiurban life 
appeared to be stronger in women than in men 
(Howdon, Mieran and Liew, 2019). High 
levels of exposure to greenery during 
childhood were also significantly associated 
with a lower risk of developing depression in 
later life, while the risk of subsequent mental 
illness for individuals who lived in areas with 
low levels of greenery during childhood was 
55% higher than those who lived in areas with 
higher green coverage (Engemann et al., 
2019). 

However, while the link between exposure to 
nature or green environments and mental 
health has been explored in the case of adult 
population, relatively few studies examine the 
association between green spaces and 
depression in the case of children and 
adolescents. This knowledge gap is 
significant given the severe effects and the 
relatively high prevalence of depression in 
childhood and adolescence, as well as the 

potential ability of green exposure to 
contribute to its prevention. Green exposure is 
a relatively easy and affordable solution that 
could be incorporated into interventions to 
prevent depression, or other mental and 
behavioural problems in children and 
adolescents, so it is very important to 
demonstrate any strong association between 
the positive effects of nature exposure on the 
prevention of mental health problems, 
including depression (Liao et al., 2020). The 
results of studies assessing the role of nature-
based interventions to reducing depressive 
symptoms in children and adolescents, 
included in this review, are promising (van 
Lier et al., 2017; Bang et al., 2018). 
Concurrently, a key challenge in this research 
field is to disentangle the independent role of 
green exposure from other confounding 
variables, such as various demographic and 
socioeconomic factors (Vanaken and 
Danckaerts, 2018; Bray et al., 2021). 

It could be possible that the association 
between exposure to nature during childhood 
and adolescence and depression might be 
related with the structural and functional 
changes that occur in the brain during this 
critical period of development (Snell et al., 
2016; Bezold et al., 2018b), an assumption 
which needs to be clarified with further 
targeted research. This review has also shown 
high heterogeneity of the identified studies, 
where different samples, both in size, age and 
participants’ characteristics, different 
outcome measures and different tools for 
estimating outcome measures were used. 
These differences could lead to 
inconsistencies in the findings of individual 
studies, even between those that focused on 
exactly the same objective. For example, 
depression was measured with a variety tools 
in different studies, including Childhood 
Behavioral Checklist (Liao et al., 2020), 
Depression Anxiety & Stress Scale - 21 
(DASS - 21) (Lin et al., 2022), Depression 
Inventory 2 (Bang et al., 2018; Hartley et al., 
2021), or Reynolds Adolescents Depression 
Scale -Short Form (van Lier et al., 2017; 
Mavoa et al., 2019; Zhang et al., 2022). The 
way of defining and measuring exposure to 
the natural environment also varied 
considerably in different studies, a concern 
already identified in the relevant literature 
(Taylor and Hochuli, 2017). Therefore, in one 
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study (Bezold et al., 2018b), the natural 
environment was considered as the exposure 
to greenery, which was defined as the 
cumulative average of the Normalized 
Difference Vegetation Index (NDVI) (at 
1000m) from 1989 to 2 years prior to the 
assessment, while in another study (Bezold et 
al., 2018a), exposure to greenery was assessed 
using NDVI at distances of 250m and 1250m. 
Liao et al. (2020) assessed the NDVI in a 
100m circular protection zone around the 
central point of the homes and nurseries of the 
preschool children in their sample, and 
subsequently calculated weighted exposure to 
greenery based on the assumption that 
children spent 8h of their day at the nursery 
and 16h at home. In the study of Sajady et al. 
(2020), landscape data were collected through 
a geographic information system and 
percentages of grass, tree and shrub cover and 
impervious surfaces were calculated in 300 m 
and 500 m radius areas around each school 
building, while all participants in the study of 
Li et al. (2018) carried a GPS (Global 
Positioning System) device for 4 consecutive 
days, and their exposure to greenery was 
calculated by estimating Google Street View 
images at the locations found during the day. 
As the effect of nature on depression appears 
to differ according to the distance between the 
presence of green spaces and adolescents' 
residence (Zhang et al., 2022), this fact might 
also account for inconsistent findings across 
studies which measure exposure to natural 
environments based on different tools and 
distance calculations. Therefore, it is 
recommended that future studies attempting 
to investigate the impact of the natural 
environment on the development of 
depression, particularly among 
children/adolescents, utilize similar 
participant criteria, common outcome 
measures and instruments, to allow for more 
direct comparison of the resulting findings. 

High heterogeneity was also observed in the 
factors examined as possible mediators in the 
relationship between exposure to the natural 
environment and depression. Personality 
characteristics, age and sex that were 
identified as mediating factors in some studies 
(Madzia et al., 2019; Feng et al., 2022), were 
not confirmed in others (Li et al., 2018). 
Further, mediating factors identified in adult 
studies, such as particulate matter or 

suspended particles (Zhang et al., 2022a), 
physical exercise, sunlight, and neighborhood 
proximity (Wang et al., 2019), have not yet 
been examined in childhood and adolescence, 
so they could be variables to be considered in 
future studies. Appropriate individual and 
environmental control variables should be 
taken into consideration in future studies 
exploring the green spaces - mental wellbeing 
relationship in children and adolescents 
(Zhang et al., 2022).  

Moreover, while it is known that children with 
various disorders, such as autism spectrum 
disorder, experience the mental health 
benefits of nature differently compared to 
typically developing children (Larson et al., 
2018), no studies examining the effects of 
nature on depressive symptoms in the case of 
children and adolescents with neuro-
developmental disorders have been identified. 
It might thus be important to conduct primary 
studies to examine the impact of nature 
exposure in different populations of children, 
on their mental health, and particularly on 
depressive symptoms.  

Finally, it is worth noting that there is a 
deficiency of relevant studies in Europe, 
particularly in Greece. Therefore, more 
research is encouraged in European countries, 
to determine if the trend of linking exposure 
to the natural environment with depression 
prevention holds true or varies across 
different regions.  

This review suggests that exposure to green 
spaces, especially in urban environments, 
contributes to the prevention of depression 
among children and adolescents. Thus, 
incorporating exposure to nature into various 
health promotion interventions and programs 
is recommended. Expanding green spaces in 
urban areas and schools, where children and 
adolescents spend a significant part of their 
day, could be beneficial. Additionally, 
specific interventions with increased 
exposure to green spaces could be designed 
for children and adolescents who are at high 
risk of developing depression or those already 
experiencing symptoms. Overall, according 
to this review, exposure to the natural 
environment, and especially to greenery in 
urban environments, contributes to the 
prevention of depression among children and 
adolescents. Nevertheless, this relationship 
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was not confirmed in all studies, and potential 
mediating factors were inconsistent. Further 
research is needed to explore the 
environment’s role as a protective factor 
against depression in children and 
adolescents.  
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