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ABSTRACT

Increasing urbanisation throughout the world has increased the number of mental
health cases in citizens, especially in metropolitan areas. Various studies have conveyed
the positive linkage between increased green space exposure in the daily life of urban
citizens and mental health improvement. However, the current state of knowledge has
limited information on percentage of effectiveness of green spaces in improving mental
health. Apart from that, the contributions of green space attributes that enhance the
improvement of mental health remains unclear. Thus, this study aims to discover the
percentage of efficiency of green spaces in improving mental health through systematic
review and meta-analysis. The formula for calculating confidence interval of odds ratio
is used to calculate the standard error of each study and the random effect inverse-
variance approach was used in the meta-analysis to identify the combined effect of the
studies. Results from meta-analysis indicated that green spaces can provide an average
of 17% [OR (95%CI): 0.83 (0.78-0.88)] improvement in the mental health of a
person in terms of stress, depression, and anxiety. Apart from that, green space
effectiveness in improving mental health varies with the influence of attributes such as
bigger size, better accessibility, and higher tree density. The findings of this review
provide evidence that green space exposure can improve the mental health of urban
citizens. This study is significant to government bodies and developers as a guideline to
implement more green spaces in urban areas that are filled with dense buildings.
Overall, this review provides insights on social benefits of green space in improving
mental health of citizens, indicating that green space that is accessible, big and has high
density of greenness can be beneficial for urban citizen’s mental health.
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1. Introduction

The United Nations predicted that about 70% of the citizens
around the world will live in cities by 2050, which indicates
mass urbanisation. Due to the increasing urbanisation, the
mental health conditions of citizens who are living in urban cities
are harmed in various ways due to environmental stresses (Ma et
al., 2019). The World Health Organization (WHO) has
reported that between 35% to 50% of individuals living in
wealthy nations struggle with significant mental health issues,
and 76% to 85% of them do not receive any medical attention
(Demyttenaere et al., 2004). Mental health is defined as a form
of human health, which is the state of a person’s equilibrium
emotion that allows them to live their daily life comfortably
with the people around them (Coronel & Rodriguez, 2022). A
person with a stable mental health condition will have a good
intellectual and soft skill which enables them to identify,
perform and manage their emotions and feel bad for a person
who is undergoing a rough life and does not become
disappointed in themselves when they face difficult situations
(Galderisi et al., 2015). There is also an important fact whereby
that physical health, which relates to the body, and mental
health, which relates to the mind of a person, is not two
different things, but they are interrelated (Bhugra & Sartorius,
2013). According to the World Health Organizations (WHO),
the common mental health symptoms include depression,
anxiety, stress, schizophrenia, and bipolar disorder.

Moreover, urban-rural research that was conducted since 1985
found that issues relating to mental health are 38% higher in
urban areas than in rural settings, with mood disorders at 39%
higher, anxiety disorders at 21% higher, depression at 40%
higher and a twofold increase in the risk of schizophrenia (Peen,
2010). According to Bojic (2018) and Lederbogen et al. (2013),
one of the contributing factors that caused the increase in mental
health issues in the community is due to a lack of exposure to
greenery arcas. The current mental health state of the citizens
and its linkage with the green space exposure has become a
trending interest within the built environment, government,
and health sectors. The availability of open green space with an
appropriate size according to the population size is essential to
ensure that all the citizens in that radius of residence could enjoy
the benefits of open space’s benefits (Villanueva et al., 2015).
Appropriate size of open spaces ensures the capability to occupy
more citizens, more density of greenness exposure and higher
availability of space for carrying out physical activities which
contributes to the overall physical and mental health for the
citizens.

Generally, green space is defined as a place covered with green
plants and trees in an open metropolitan space (Taylor &
Hochuli, 2012). A few examples of green spaces include forests,
parks, gardens, urban greenery, green roof, and farms covered
with various type of vegetations (Najihah & Abdullah, 2019;
Zhao et al., 2010; Yuliani et al., 2020). Green spaces provide
numerous benefits in terms of environment, such as urban water
runoff control, pollution control and sound insulation, social
benefits where it encourages social interaction between people

in a calm environment, economic benefits such as reduction in

electricity cost and health benefits such as stress reduction and
improved general physical and mental health to the citizens (Azis
& Zulkifli, 2021; Aram et al., 2019; Nath et al., 2018; Nero et
al., 2017). The benefits provided are enjoyed by the citizens in
two ways, which is the benefits received from directly using the
green space and in direct use (Wilkerson et al., 2018).

Past researchers have emphasized that having greenery area
exposures can lead to a decrease in anxiety, depression, and
stress incidence rates (Grahn and Stigsdotter, 2003; Dannenberg
et al., 2003) as well as improved overall mental health
conditions (Croucher et al., 2008; Wood et al., 2017; Morita et
al., 2007). The visits to green space in urban cities, such as parks
and forests, is essential as exposure of a person to the greenery
view could give them positive feelings, restorative effects and
promote their well-being and few past researchers have
reported there is a positive relationship between life cycle
process of green space in an urban area and the citizen’s mental
health( Fuller et al., 2007; Carrus et al., 2015; Chiesura, 2004;
Akpinar et al., 2016; Tsai et al., 2018; Nutsford et al., 2013).
Green space provides a platform for the citizens to perform
sports and recreation activities, promotes social interaction
between citizens which leads to better health for the body and
mind (James et al., 2009).

The literature evidence from various research shows a strong
positive relationship between green space and the mental health
of the community. The benefits of green space in the context of
mental health promotion varies, and it could be an important
key component that could reduce the overall mental health

issues of the citizens.

Although there are numerous amounts of research that study
the relationship between green space and mental health, the
latest studies regarding the percentage of effectiveness of green
space in improving different types of mental health is limited.
The mental health state of the citizens all around the world is
increasing together with urbanisation and ways to reduce the
effects of these scenario towards the mental should be studied.
In accordance with that, there is a need to understand and
discover the benefits that nature exposure delivers towards
improving mental health of citizens . Therefore, a systematic
literature review and meta-analysis is carried out to discover the
percentage of efficiency of green space towards mental health
together with identifying the contributing attributes of green
space in enhancing mental health improvement.

2. Materials & Methods
2.1 Data Collection - Selection of Studies

This review used systematic review and meta-analysis techniques
based on the steps outlined in The Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA) (Page et al.,
2021). The systematic literature review is a process of data
collection that identifies, evaluates, and analyses all the available
studies that have been done in relevance to the research topic
and particular area of research interest (Kitchenham,2007).
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Past relevant studies were identified using various databases
including Scopus, Web of Science and PubMed. Studies from
various perspectives were derived, including environmental
studies which focus on green space, health studies which focus
on mental health and studies relating green spaces to mental
health. At the initial stage of the search, no restriction was
applied in terms of time as it is essential to obtain all the relevant
studies regarding this topic to get a better understanding before
filtering the studies according to this review’s specific need.
Various keywords were applied in the database search engines to
obtain relevant studies which focus mainly on two categories,
which are green space and mental health. From the received
studies, the bibliographies of the studies were also focused on
obtaining more relevant studies regarding this topic.

Several inclusion and exclusion criteria were used to ensure that
the studies reviewed and chosen were relevant to the aim of this
review. The inclusion criteria are, only studies which focus on
mental health and not physical health, papers published in the
English language, articles in journals and book chapters. As for
exclusion criteria, articles that cannot be accessed and review
articles are excluded. Relevant studies obtained are
incorporated in the EndNote to identify duplicates, and all the
duplicates are removed accordingly. As this review aims to
discover the effectiveness of green space in improving mental
health, the overall odds ratio from all the collected study results
could indicate the percentage of effectiveness through meta-
analysis. Several studies were excluded due to the absence of
quantitative results that are essential to be included in the meta-

analysis.
2.2 Data Analysis

The statical analysis was performed using MedCalc Software
(version 22.021), following the guidelines outlined in the
Cochrane Handbook (Higgins & Green, 2008). The population
of each of the studies is recorded, and the weight of the effect is
calculated to be used as an input in the meta-analysis.

The random effect inverse-variance approach was used to
calculate the pooled effect of the studies. The inverse-variance
method was used in the meta-analysis because we only had
access to the odds ratio and the confidence intervals. Data
availability does not include standard error of the odds ratio, but
other information is provided where all these studies have 95%
confidence intervals. In relation to that, the standard error was
calculated using the odds ratio values together with its upper and
lower limits. In general, the standard error of the logged odds
ratio is calculated by using the formula stated in Eq. (1) where a
and b are the event odds for the people who have exposure and ¢
and d are event odds for people in the people who do not have
exposure. The square root of the log odds ratio variance is the
standard error (SE) of the study.

Variance of Logged Odds Ratio = (1/a+ 1/b + 1/c + 1/d)
Standard Error (SE) =sqrt [1/a + 1/b + 1/c + 1/d] (1)

Thus, the formula for the calculating of upper limit and lower

limit of the 95% confidence intervals adopted from Tenny &

Hoffman (2023) is used to determine the standard error of the
respective studies. The 95% confidence intervals of the odds
ratio are calculated by using the formula stated in Eq. (2), where
the upper and lower limit of the confidence interval (95% CI) is
stated in the result of the studies together with the odds ratio
(OR). With the presence of these two data, the standard error
of studies can be calculated.

Upper 95% CI = e " [In(OR) + 1.96 (SE)]
Lower 95% CI = e ” [In(OR) - 1.96 (SE)] 2)

From the formula in Eq. (2), we calculated the standard error of
the respective studies by taking the natural log of both sides of
the equations such as stated in Eq. (3)

In {Upper 95% CI} =1In(OR) + 1.96 x SE {In (OR)}
In {Lower 95% CI} = In(OR) - 1.96 x SE {In (OR)} 3)

From Eq. (3), we have the data regarding the upper limit and
lower limit from the results of the studies together with the
odds ratio. Then, to calculate the standard error, the formula is
solved to identify the standard error of the logged odds ratio
that derives Eq. (4) where the lower limit value of the studies is
used.

SE {In(OR)} =In(Lower 95% CI)} In(OR)} / {- 1.96} 4)
Once the standard error of the studies was calculated, the effect
sizes of the studies, which is also known as the weight of the
studies were calculated using MedCalc. The overall pooled
effect of the studies was calculated using the odds ratio and the
weight of the studies. Tests for heterogeneity were calculated
using Cochran’s Q statistics and I-squared statistics.

3. Results

The process of identifying and selecting studies for this review
was carried out according to the PRISMA flow diagram that is
shown in Figure 1. A total of 567 potential studies were
identified by using the database search engines. As this review
focuses on mental health promotion from the green space’s
exposure and benefits, studies that failed to adhere to the
inclusion and exclusion criteria were excluded. After applying
filters of the exclusion and inclusion criteria for the papers and
reading the full text of the papers, a total of 12 studies were
included in this systematic literature review, which portrays the
needed information for the meta-analysis, such as the odds ratio
together with the upper and lower limit of 95% confidence
intervals.

The characteristics and information regarding the studies are
tabulated in Table 1. The studies chosen were conducted in
various countries, which include China (Zhou et al., 2022;
Zhang et al., 2022), Australia (Astell-Burt et al., 2019; Feng et
al., 2022 ), United States of America (Wang et al., 2019;
Bezold et al., 2018; Fossa et al., 2024), Finland (Gonzales et
al., 2022), Canada (Hystad et al., 2019), Mexico (Bakhtsiyarava
et al., 2024), United Kingdom (Zhang et al., 2022) and Spain
(Triguero et al., 2015). The studies used various methods and

tools to identify the mental health and green space indicators to
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understand the relationship between them. The tools used to
assess mental health includes the Kessler 10 and 6 items scales
(Astell-Burt et al., 2019; Wang et al., 2019; Feng et al., 2022),
General Health Questionnaire (GHQ-12) (Pope et al., 2018;
Triguero et al., 2015) and other studies used different type of
scales such as Instrumental Activities of Daily Life Scale (IADL)
and Centre for Epidemiological Studies-Depression Scale
(CESD-10) (Zhou et al., 2022), McKnight Risk Factor Survey
(MRFS) (Bezold et al., 2018), Health and Social Support Study
(HeSSup) (Gonzales et al., 2022), 9 scales of Patient Health
Questionnaire (Hystad et al., 2019), 7 scales of General Anxiety
Disorder Scales (Hystad et al., 2019) and other remaining

studies used medical records of the participants, custom

questionnaires and surveys (Bakhtsiyarava et al., 2024; Fossa et

al., 2024; Zhang et al., 2022).

As for the green space measurements, various attributes and
indicators were considered in understanding the exposure to
greenery. Most of the studies used the Normalized Difference
Vegetation Index (NDVI) as an indicator to assess the density of
greenness (Wang et al., 2019; Bezold et al., 2018; Gonzales et
al., 2022; Hystad et al., 2019; Bakhtsiyarava et al., 2024; Fossa
etal., 2024; Zhang et al., 2022; Triguero et al., 2015).

Identification of studies via databases and registers

Records identified

6o -

from*:

Records removed before screening:
Duplicate records removed (n = 94)

‘:j Databases (n=567) »| Records marked as ineligible by automation tools (n
< Scopus=256 =0)
o Web of Science=146 Records removed for other reasons (n = 133)
" PubMed=165
Records screened a| Records excluded**(n =128)
(n =340)
S Reports sought for a| Reports not retrieved (n =46)
. retrieval (n = 212) o
; v
Reports assessed for .| Reports excluded:

eligibility (n =166)

\4

Not in English (n =28)

Full paper not available (n
=49)

Review Article (n = 44)

(n=12)

Studies included in review

Figure 1. The Preferred Reporting Items for Systematic Review and Meta-Analyses Flow Diagram

Although the indicator that was used in these studies is the same,
the amount of buffer distance of greenness that is examined is
different across these studies, where there are studies which
examined various distances in the range from 100m up to 3km
(Wang et al., 2019; Gonzales et al., 2022; Hystad et al., 2019;
Bakhtsiyarava et al., 2024) while other studies just focused on
the specific distance of distance such as 250m and 1250m only
(Bezold et al., 2018), 1km only (Fossa et al., 2024) and 300m
only (Zhang et al., 2022; Triguero et al., 2015). Apart from

that, a study used the available database from their country’s
yearbook to identify the greenness level in the research area
(Zhou et al., 2022). Another study used ArcGIS Pro, which is
software that identifies the amount of greenness (Astell-Burt et
al., 2019). Furthermore, the frequency of visits and duration
that citizens spend their time on the green space is also observed
as an indicator of greenness exposure (Pope et al., 2018).
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Table 1. Characteristics of Studies
No AuthorandYear Country Mental Health Indicator Green Space Indicator
1 Zhou et al., 2022 China Instrumental Activities of Daily Life Scale China Urban Construction Statistical
(IADL) Yearbook
Astell-Burt et al.
2 ) (S) 169 urtetal, Australia 10-item Kessler Psychological Distress Scale ArcGIS Pro-1.6km greenness buffer
N lized diff tation ind
3 Wang et al., 2019 USA The Kessler 6 (K6) scale orma IE;D\;I)?Z?SC;\-IZgSeOar;OD naex
N lized diff tation ind.
4 Bezold etal., 2018 USA McKnight Risk Factor Survey (MRFS) Orrrl(x];ifl)_lzseolﬂ_eric:n\;eff 2a5(1)(?nmln &
5 Feng et al., 2022 Australia 10-item Kessler Psychological Distress Scale 1.6km buffer green space
6 Gonzales et al., Finland Health and Social Support Study (HeSSup) Normalized difference vegetation index
in
2022 an cohort (NDVI)-100, 500, and 1000 m
D ion-Patient Health ti ire-9
- Hystad ot al. 2019 Canad ;prefsstlonG 2 1enl. za A Qltlele(.)nnere Normalized difference vegetation index
s ) n nxiety- Generalized Anxi isorder-
ystadetal, anada €ty laeheraize ety Hisorde (NDVI)-100, 250, 500, 750, and 1000 m
7scales.
g Bakhtsiyarava et Mexi Custom Questi ) Normalized difference vegetation index
exico ustom Questionnaire
al., 2024 x (NDVI)-250 m (or 500 m, 1, 2, or 3 km)
Composite International Diagnostic Normalized difference vegetation index
9 Fossa et al., 2024 USA
ossactal, Interview-Short Form (CIDI-SF) (NDVI)-1 km buffer
10 Popeetal., 2018 UK 12-item General Health Questionnaire (GHQ) Weekly Visit and Duration of Time Spent
Face-to-face survey, physical examination, N lized diff tation ind
ormalized difference v ion index
11 Zhangetal., 2022 China and laboratory biochemical tests e ng\;:l C; 0 g gt ¢
& 12-items Short Form Health Survey (SF-12). ( )-300m
Tri tal. N lized diff tation ind
12 riguero et ak, Spain 12-item General Health Questionnaire (GHQ) ormatized criierence vegetation mdex

2015

Apart from that, the study results for each of the studies are
tabulated in Table 2. The age range of participants varies
between studies where there are studies which include teens
(12-18 years old) (Wang et al., 2019; Bezold et al., 2018 ),
Adults (20-59 years old) (Zhou et al., 2022; Astell-Burt et al.,
2019; Feng et al., 2022; Gonzales ct al., 2022; Hystad ct al.,
2019; Bakhtsiyarava et al., 2024; Pope ct al., 2018; Zhang et
al., 2022) and old age (More than 60) (Gonzales et al., 2022;
Hystad et al., 2019; Bakhtsiyarava et al., 2024; Fossa et al.,
2024; Pope et al., 2018 ). One study did not provide the exact
age of the participants but only provided the median age of the
participants, which is 50 (Triguero et al., 2015). From the age
range of participants that has been studied, mental health
problems affect all age range citizens. The variation in the age
range of participants in the studies could produce a more
comprehensive pooled value of effect in this review.

(NDVI)- 300m

As for the type of mental health that is assessed, it varies within
studies, and most of the studies that are included in this review
have assessed more than one type of mental health. The type of
mental health includes depression, stress, and anxiety. The most
assessed mental health is depression, where a total of nine
studies studied the symptoms and betterment of depression and
its relation with the green space exposures. (Zhou et al., 2022;
Bezold et al., 2018; Gonzales et al., 2022; Hystad et al., 2019;
Bakhtsiyarava et al., 2024; Fossa et al., 2024; Pope et al., 2018;
Zhang et al., 2022; Triguero et al., 2015). Second type of
mental health that commonly studies are stress with a total
number of five studies (Astell-Burt et al., 2019; Wang et al.,
2019; Feng et al., 2022; Pope et al., 2018; Zhang et al., 2022)
and lastly anxiety (Astell-Burt et al., 2019; Hystad et al., 2019;
Pope etal., 2018; Zhang et al., 2022; Triguero et al., 2015).
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Table 2. Summary of Study Results

Type of Type of
Auth d 1
No uthor an Age Sal‘flp € Green Mental Key Findings
Year Size
Space Health
Parks & Significant betterment in the depression symptoms
Zhou etal., . . . N .
1 2022 > 45 7397 Overall City was discovered for every capita (m”) increase in urban
Green Space green space presence.
dents in the middle school, whom h high
Bezold ct al., Residential Stu f:nts in the m% e school, W. om av.e a hig .tree
2 12-18 9385 density coverage in 1.25km radius are linked with a
2018 Greenness i R
lesser chance of facing depression symptoms.
5 years follow up on doctor diagnosed depression
patients showed a reduction in depression with high
Gonzales et Residential residential greenness within 100-1000m, and 14 years
3 20-55 11794 . . .
al., 2022 Greenness . follow up on doctor diagnosed depression patients
Depression L . . e
showed reduction in depression with greenness within
100-500m.
Hystad etal., Residential Increase in higher tree density in the first 500m buffer
4 40-69 8144 . . . .
2019 Greenness distance was associated with lesser odds of depression
Bakhtsi A gradually increased standard deviation of
iyarav
5 ta | 52}2?2:. a 20->60 17258 Parks neighbourhood greenness was linked to a reduction in
b the participant’s overall depression symptoms.
] Fossa et al., . e Residential Lesselr de}fl)reslélon . syr}r:p;oms were ‘d‘lscovere.d tf}(:r
204 - Greenness peoP e w. o live in higher greenness area in the
tropical climate.
Higher t y % s
Astell-Burt et Residential ig f.ilf‘ ree .canopy coverage (30 0 or. more) was
7 > 45 46786 associated with lesser psychological distress stress
al., 2019 Greenness ;
feelings.
Increase in tree density in the first 350m buffer
Wang et al., <18 and Residential distance from the residential area was most significant
8 4538 Stress . . ..
2019 > 18 Greenness in reducing the odds on experiencing mental health
symptoms.
Feng ctal., Residential Every incremeflt (100./0) %n .t}.le surrounding green
9 > 45 79469 space was associated with significant betterment in the
2022 Greenness .
mental health of the apartment residents.
10 Pope etal., 20->60 573 Residential Better mental health is achlev.ed f(.)r participants
2018 Greenness whom have access to green space in their area.
7h cal o I Lesser prevalence of mental health is associated with
. ver.
11 mgetals >35 1116 Parks e higher availability of green infrastructure (green roofs
2022 Mental g .
Health and street trees) in the neighbourhood.
Triguero ot Median Residential B.etterment .in depréssion and anxiety symp‘fo.n?s was
12 8793 discovered in relation towards the accessibility of
al., 2015 age 50 Greenness

The results in the form of odds ratio were tabulated to calculate
the standard error for all the study data. Then, a meta-analysis is
performed to understand the overall pooled effect of green
space on mental health. Table 3 shows the results of the studies
chosen to be included in the meta-analysis. The odds ratio of all

green space in the neighbourhood.

the studies discovered was less than 1, indicating that mental
health symptoms is less likely to happen in the presence of
increased green space exposure. Overall, this result also proves
a positive association between green space and the promotion

and improvement of mental health.
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Table 3. Odds Ratio of Studies

Lower Limit

Upper Limit

Percentage Of

Studies Odds Ratio Confidence Interval Confidence Interval Betterment
(95%) (95%) (%)
Zhou et al., 2022 0.77 0.59 0.99 23
Astell-Burt et al., 2019 0.69 0.54 0.88 31
Wang et al., 2019 0.64 0.46 0.91 36
Bezold et al., 2018 0.81 0.68 0.97 19
Feng etal., 2022 0.87 0.79 0.96 13
Gonzales et al., 2022 0.56 0.33 0.96 44
Hystad etal., 2019 0.81 0.70 0.93 19
Bakhtsiyarava et al., 2024 0.91 0.85 0.98 9
Fossa et al., 2024 0.69 0.47 1.01 31
Pope etal., 2018 0.58 0.35 0.96 42
Zhang et al., 2022 0.88 0.79 0.99 12
Triguero et al., 2015 0.86 0.76 0.98 14

The standard error (SE) of the study was calculated using the
value of log odds ratio and the log of lower limit confidence
intervals (95%) following the steps from (Eq.1 — Eq.4). The
results of the calculated standard errors of the studies are
presented in Table 4. The standard error varies across the
studies, which is understandable due to the variation in the
sample size of the respective studies. The meta-analysis was
performed using the generic inverse variance method (Higgins,
2013). Cochran’s Q test value was 0.0844, which is more than
0.05, which shows that there is heterogeneity between the study
results. To further understand the heterogeneity between the

studies, the I* statistics were observed to be 38%, which shows
moderate heterogeneity. Table 4 below shows the results
obtained from the meta-analysis. The random effects were used
over the fixed model due to the presence of moderate
heterogeneity between studies by using Cochran’s Q together
with the I squared statistics test, and the number of studies for
the usage of the fixed effect model which is minimum of five
studies were exceeded (Murad et al., 2015; Tufanaru et al.,
2015).

Table 4. Meta Analysis

Study Estimate (Log)  Standard Error  Estimate 95% CI Weight (%)
Random
Zhou et al., 2022 -0.26 0.14 0.77 0.586 to 1.015 4.1
Astell-Burt et al., 2019 -0.37 0.13 0.69 0.535 t0 0.891 4.65
Wang et al., 2019 -0.45 0.17 0.64 0.457 to 0.890 2.93
Bezold et al., 201 -0.21 0.09 0.81 0.679 to 0.967 8.17
Feng et al., 2022 -0.14 0.05 0.87 0.788 to 0.959 15.81
Gonzales et al., 2022 -0.58 0.27 0.56 0.330 to 0.950 1.24
Hystad etal., 2019 -0.21 0.07 0.81 0.707 to 0.930 11.29
Bakhtsiyarava et al., 2024 -0.09 0.03 0.91 0.862 to 0.969 21.57
Fossa et al., 2024 -0.37 0.20 0.69 0.467 to 1.022 2.18
Pope etal., 2018 -0.54 0.26 0.58 0.350 to 0.970 1.33
Zhang etal., 2022 -0.13 0.06 0.88 0.781 to 0.988 13.36
Triguero et al., 2015 -0.15 0.06 0.86 0.765 to 0.968 13.36
Total (random effects) -0.18 0.03 0.83 0.784 to 0.884 100
Test for heterogeneity

Q 17.8804

DF 11

Significance level P =0.0844

I’ (inconsistency) 38.48%

95% CI for I

0.00 to 68.88
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From the results in Table 4, the weights for each of the studies
are presented, and the studies were weighted according to its
inverse variance effect of estimates where more extensive
studies, with lesser standard error, were given more weight to
reduce the effect of uncertainty in the overall estimated effect.
For further analysis, a forest plot is plotted to understand the
overall combined effect of the estimate in a systematic way.

Zhou et al., 2022
Astell-Burt et al.. 2019

Wang et al.. 2019

Bezold et al.. 2018

Feng et al., 2022

Baskaran et al. - International Journal of Built Environment and Sustainability 12:1 (2025) 175-286

Figure 2 below shows the forest plot of the meta-analysis. The
forest plot shows that most studies conveyed results less than 1.
This indicates less likelihood for mental health problems for
citizens who have green space exposure. Generally, increased
urban green spaces have a positive impact on improving the
mental health of the citizens.

Gonzales et al., 2022
Hystad et al.. 2019
Bakhtsiyarava et al., 2024

Fossaet al.. 2024

Popeet al., 2018
Zhang et al., 2022

Triguero et al.. 2015

Combined

0.20

0.40

0.60

Figure 2. Forest Plot

The combined effect from the meta-analysis and the forest plot
shows a significance value of pooled effect at 0.83 with a lower
confidence interval of 95% at 0.78 and an upper confidence
interval of 95% at 0.88 [OR (95%CI): 0.83 (0.78-0.88)]. This
result indicates that there is a betterment in terms of mental
health, including depression, stress, and anxiety, by 17%, which
reflects the results from the studies that are included in this
review and validates the fact that green space exposure is one of
the essential components in daily life that needs to be exposed
for mental health stabilisation and improvement.

4. Discussions

Holistically, the overall results show the positive effect of green
space towards mental health and getting green exposure could
be beneficial for citizens to enjoy the benefits of it in terms of
improving mental health conditions. For the citizens who do not
experience any mental health symptoms, it could be treated as a
place to seck rejuvenation and relaxation to recover from the
stresses of life. The 17% betterment of the mental health of the
citizens also could vary according to the quality of the green
space attributes involved in the efficiency of the green spaces.
The attributes involved act a catalyst in enhancing the quality of
benefits provided by green spaces. The various way of
identifying and understanding green space and mental health
indicators in the reviewed studies explains how a person can
enjoy green space exposures in various ways. From the list of

study results, the similarities that can be discovered is that

higher density of greenness and closer distance to the green
spaces from the neighbourhood have advantage towards
depression and stress. On the other hand, better accessibility
feature to the green spaces have shown positive affects not only
specifically towards certain type of mental health but to the
overall mental health of a person, which includes depression,
anxiety, and stress. Although the type of green space varies
across studies, the focus on the enhancement of mental health
symptoms can discovered across all studies showing that green
space has high capability in improving mental health of citizens.
The interest on discovering the enhancing benefits of attributes
such as density of greenness, distance of green space and the
accessibility to the green space are vital in implementing green
open space for the public for the mental and physical health
benefits. Generally, having a greener environment filled with
plants and street trees at around 100m up to 1.25 km in their
residential neighbourhood could improve all three stated mental
health symptoms.

Apart from the availability of green space in the neighbourhood,
there are also concerns regarding the accessibility of green
spaces in the areas of research. Although there is availability of
green spaces in the area, there are some of them which are not
accessible, which makes it difficult and demotivating for the
residents in the neighbourhood to visit these places to enjoy the
benefits that it offers. The improvement of mental health
symptoms was higher for citizens who have easy accessibility to

the green space in their neighbourhood environment. This
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shows that not only having green space exposure is essential, but
having accessibility to access the green space plays a role as well
in the efficiency of the green space.

In addition, the size of the green space also matters where the
bigger size provides better aesthetics and view that increases the
efficiency of green spaces in stabilising mental health condition.
Bigger size of green space increases its capability to cater and
occupy many citizens at a time comfortably and provide a
platform for citizens to perform physical activities which can
help to decrease stress and interact between each other which
helps with depression and anxiety symptoms. This is also closely
related to the amount of tree coverage as well, which is the
density of greens on the green space. Higher tree density in the
green space is supported by increased green space efficiency in

improving mental health.

Mental health is an important factor that should be taken care of
together with physical health and should be neglected to live a
quality and peaceful life (Kmietowicz, 2005). Poor mental
health conditions affect the efficiency of a person in carrying out
their daily chores and decrease their productivity in their daily
lives. All age range citizens are facing mental health symptoms
these days. Teens are experiencing mental health symptoms as
carly as from the middle school. On the other hand, people who
are in the old age category (more than 60 years old) are also
facing these symptoms. In terms of green space exposure, these
conditions can be explained that people in all age categories is
facing mental health problems around the world and it can be
concluded that the benefits that the green space portrays is
needed for all age groups despite specifically aiming to the
people whom are in their working age.

In terms of time and progress of mental health, the green space
benefits do not come with one day exposure nor does not have
any limit range on its benefits towards its promotion on the
mental health. The green space exposure has it is compounding
benefits if it is experienced daily, weekly, or monthly. By
looking at the benefit over the years, one of the studies
compared the data on depression symptoms of the participants
ina 5 years and 14 years follow up together with their greenness
exposures (Gonzales et al., 2022). The study reported that there
is a signiﬁcant improvement in depression symptoms over the
years. Overall, green space existence in the residential and
workplace is beneficial for all citizens to improve their mental
health which concurrently enables us to be feel relaxed and able

us to be fully productive.

The were several limitations that was identified in the process of
completing this review. Firstly, there was a presence of
moderate heterogeneity in the studies due to the difference in
places, type of green space studied and number of populations
studied in the selected studies. Secondly, only studies that use
multilevel logistic regression were selected due to the
requirement to retrieve the results in the form of odds ratio to
calculate the pooled effect. There might also be a presence of
bias in the results as some studies used self-reported health
outcomes and not clinically certified mental health status of the

participants in calculating the odds ratio. Despite the limitations,

this review gives an overall view and a clear understanding
regarding the efficiency of green space towards mental health
improvement using the latest results published in these recent
years throughout the world.

5. Conclusions

In conclusion, this review presents insightful information
regarding the efficiency of green space in improving the mental
health of citizens in all age categories. Accessible, bigger size and
higher tree canopy covered green spaces availability in the 1km
buffer of the residential neighbourhood have benefits in
improving the mental health of the citizens. Based on this
review, the results suggests that green space implementation in
urban area has high proficiency in improving the mental health
of citizens. The stakeholder and law makers in the built
environment industry could use this review information as a tool
of guide and prove to portray the importance of green spaces to
create and revise public health policy with emphasising the
planning and supply of more green spaces for the purpose of
public mental health. This review is significant to the local and
national governments in every country, to emphasize providing
the availability of green spaces in the streets and mainly in the
residential neighbourhoods, such as parks and green roofs to
ensure the overall mental wellbeing of the citizens and to
improve mental symptoms such as stress, depression, and
anxiety. Developers could also take inspiration from this study
to increase the amount of greenness available in their upcoming
projects and concurrently market it using this study results to
show the benefits of having increased green space exposure
towards betterment on mental health. All citizens should
consider visiting green spaces cither daily, weekly, or monthly
to maintain a balanced lifestyle with equilibrium state of physical
and mental health.

The current review indicates that there is a positive relationship
between green spaces and mental health across the countries
which portrays the social benefits of green space. However,
more future medical research is needed to evaluate and specify
the benefits of green space in improving mental health by taking
into consideration of the past and present mental health medical
records of citizens and study the effect of nature exposure
towards the changes in their mental health results through a
specific period. Apart from that, further researchers can focus
on the economic and environmental benefits of green space in
relation with mental health to support the decision making of
authorities and enhance the current state of knowledge
regarding the effectiveness of green space implementation.
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