
www.thelancet.com/planetary-health   Vol 8   August 2024 e574

Review

Lancet Planet Health 2024; 
8: e574–87

This online publication has 
been corrected. The corrected 
version first appeared at 
thelancet.com/planetary-
health on September 4, 2024

Department of Landscape 
Architecture and 
Environmental Planning, 
Utah State University, Logan, 
UT, USA (H Wang PhD, 
S Gholami MSc, W Xu PhD, 
A Samavatekbatan MSc, 
O Sleipness PhD); School of 
Performance, Visualization and 
Fine Arts, Texas A&M 
University, College Station, TX, 
USA (Prof L G Tassinary PhD JD)

Correspondence to: 
Huaqing Wang, Department of 
Landscape Architecture and 
Environmental Planning, 
Utah State University, Logan, 
UT 84322, USA 
huaqing.wang@usu.edu

Where and how to invest in greenspace for optimal health 
benefits: a systematic review of greenspace morphology and 
human health relationships
Huaqing Wang, Simin Gholami, Wenyan Xu, Amirhossein Samavatekbatan, Ole Sleipness, Louis G Tassinary

Research on the relationship between greenspace morphology and health is a growing field that informs the spatial 
design of greenspace to enhance health outcomes. This study reviews the current progress, methodologies, and 
knowledge gaps in this area. From a database search of 272 940 English articles and 39 053 Chinese articles up 
to April 18, 2024, we identified 22 and 7 studies on the topic for further evaluation. Predominantly cross-sectional and 
neighbourhood-scale analyses were conducted using land cover maps ranging from 0·25 to 250 metres in resolution. 
Six primary characteristics of greenspace morphology have been studied, including size, shape, fragmentation, 
connectedness, aggregation, and diversity. While associations between greenspace morphology and health outcomes 
have been observed, both their reliability and generalisability remain suggestive due to ecological study designs and 
heterogeneity among studies. Future research should prioritise individual-level prospective cohorts and intervention 
studies. Exploring mechanisms linking greenspace morphology and health, determining optimal map resolution, 
and distinguishing it from greenness magnitude in statistical analysis is essential. This evidence is crucial for 
health-promoting greenspace planning and should be routinely integrated into urban epidemiological research.

Introduction
Exposure to greenspace is generally considered to be 
health beneficial. Experimental studies at the individual 
level indicate exposure to greenspace contributes to mood 
and cognitive functions, such as the reduction of stress,1,2 
anxiety,3 and mental fatigue,4 and shortened recovery 
times from surgery.5 Observational studies, at both 
individual and population levels, reported that greenspace 
is associated with reduced risks of mortality and 
morbidity—ie, mental,6,7 cardiovascular,8 and respiratory 
health.9 Exposure to greenspace is also associated with 
physical activity and lower incidents of obesity,10 diabetes,11 
allergies;12 and improved immune system function;13 
bet ter pregnancy outcomes;14 and higher overall quality 
of life.15 Additionally, greenspace has been linked to 
foster ing social connections16,17 and community cohesion.18

Studies in this field have primarily focused on assess
ing the effect of greenspace magnitude or greenness, 
a construct defined typically as the amount of verdancy 
or greenspace present.19 The underlying assumption is 
that a greater availability of greenspace increases the use 
of outdoor environments for various activities and 
mitigates adverse elements, such as air pollution, noise, 
and heat, which consequently contributes to improved 
health outcomes.20 Frequently used metrics for evaluat
ing greenspace magnitude include the percentage of 
greenspace,21–23 tree canopy cover,24–26 normalised differ
ence vegetation index,27 enhanced vegetation index,28,29 
the number of parks,30,31 proximity to greenspace,14,32 and 
frequency of park visits.33,34 These studies provide 
a general understanding that a greener environment is 
associated with better health. This insight has influenced 
urban greenspace investment projects leading planners, 
designers, and policymakers to predominantly focus on 
increasing vegetated land cover, especially tree canopy 
cover.

In urban settings, however, the availability of land for 
greenspace is constrained by the necessity for buildings, 
infrastructure, and road networks to support daily life. 
While integrating greenspace is crucial for human 
wellbeing, it is impractical to convert all available land 
into green areas. Additionally, it is important to preserve 
existing large lawns that serve as crucial spaces for 
physical and social activities, rather than replacing them 
entirely with initiatives such as widespread treeplanting 
endeavours solely focused on enhancing the amount of 
verdancy. Landscape and city planners face considerable 
challenges in identifying suitable land for greenspace 
allocation within new community and city plan
ning projects, given the predetermined built densities. 
Planners typically produce spatial maps to explore 
alternative land use scenarios. These scenarios inform 
how the spatial arrangement of urban greenspaces can 
be modified to improve human health benefits. In cities 
where vacant lands are either increasingly available or 
under threat, the results of such research can guide 
investments for new urban parks.

In this context, a growing field has emerged, which 
investigates the relationship between greenspace 
morphology (ie, the spatial arrangement and distribution 
of greenspaces) and its effect on human health outcomes. 
Ancient philosophies like Feng Shui from China have 
emphasised the importance of spatial arrangement and 
design in physical spaces for thousands of years.35 Only 
in the past few decades, however, have scientists started 
to rigorously test these ageold ideas. Several noteworthy 
studies illustrate greenspace morphology and its health 
associations. Census tracts with largersized, connected, 
aggregated, and complexshaped greenspace morphology 
are associated with both reduced mortality risk36 and 
morbidity risk of noncommunicable diseases.37 These 
effects hold true even when greenness magnitudes were 
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similar. Furthermore, larger parks have been linked to 
lower levels of chronic illness among older adults.38 
Increased aggregation and connectivity of vegetation
dominated lowintensity developed lands are associated 
with a reduced risk of death from colon cancer.39 
Conversely, greater distances between shrublands are 
linked to higher odds of frequent mental distress40 and 
a more fragmented greenspace morphology is associated 
with shorter life expectancy.41

Although compelling, it is important to note that these 
studies were conducted at various spatial scales, used 
different resolution land cover maps ranging from fine 
to coarse, used diverse metrics, and explored various 
health outcomes. Not surprisingly, such varied 
methodologies have occasionally produced conflicting 

results. A system atic understanding of the progress 
made in this field is crucial for informing health
promoting greenspace projects, policy initiatives, and 
future research endeav ours. Analysing the factors that 
contribute to conflicting conclusions is also essential for 
establishing a more comprehensive understanding of 
the topic. To date, we only have a nascent understanding 
of the underlying mechanisms by which greenspace 
morphology influences human health. A comprehensive 
discussion encompas sing the current knowledge of 
these mechanisms, theo retical foundations, and poten
tial future directions will advance our understanding in 
this field and guide future explorations.

This systematic review concentrates on the nexus 
between greenspace morphology and human health, 
a link thus far overlooked in extant literature. Previous 
reviews have predominantly delved into broad associations 
between greenspace and health outcomes, encompass
ing mortality risk,42–44 obesity,45 birthweight,46 and physical 
wellbeing.47 However, these reviews have principally 
focused on the effects of greenspace magnitudes, and 
studies specifically evaluating greenspace morphology 
and its effects on human health have been notably absent. 
Consequently, this study’s objectives are to: (1) evaluate 
the potential health outcomes associated with enhance
ments in greenspace morphology in the living envi
ronment of residents, (2) systematically identify and 
cat egorise morphological metrics gleaned from previous 
investigations, and (3) evaluate the spectrum of variations 
in study design characteristics. This systematic review 
explores the potential influences of methodologies, data 
resolution, spatial scale, and specific metrics on research 
findings to highlight connections between greenspace 
morphology and health outcomes.

Methods
We followed the procedures in the PRISMA statement 
set out by Moher and colleagues (appendix pp 1–3).48–50 
We searched five English databases and three Chinese 
databases using corresponding Chinese keywords, 
starting from the very first record in the databases and 
up to April 18, 2024, for journal articles on greenspace 
morphology and health relationships. To identify articles, 
we used three groups of terms to capture greenspace, 
morphology, and health and a number of specific disease
related keywords (appendix pp 4–10). We also examined 
the bibliographies of relevant articles and published 
reviews. Search languages were restricted to English and 
Chinese.

After deduplication, English article titles and abstracts 
were reviewed by SG and AS, while WX and HW 
conducted the same process for Chinese articles. Rayyan, 
an online platform designed for systematic reviews, 
facilitated this screening process. Subsequently, full 
texts of English studies were independently screened by 
SG, AS, and HW, and Chinese articles screened by WX 
and HW. The screening was blinded, so the reviewers’ 

Figure 1: PRISMA diagram of record retrieval and selection

311 987 records identified by database search 

311 993 identified 
272 940 in English

255 085 Scopus
1891 PsycINFO

10 286 PubMed
3544 MEDLINE
2128 Google Scholar

6 other sources
39 053 in Chinese

28 722 Chinese Biomedical Database
9430 China National Knowledge 

Infrastructure
901 WanFang Data

248 489 after duplicates removed 
213 522 in English 
34 967 in Chinese

248 489 screened by title and abstract

316 full-text records assessed for eligibility

29 studies included in the review 

248 173 records excluded 
213 255 in English
34 918 in Chinese

6 records identified through other sources

287 full-text articles excluded
21 studies did not report greenspace

183 did not contain greenspace morphology (ie, 
percentage of greenspaces)

50 did not report health outcomes
1 was not an association examination 
7 qualitative studies

24 incorrect publication type (ie, abstract, 
review, news, etc)

1 full text unavailable or inaccessible

For more on Rayyan see  
https://www.rayyan.ai/

See Online for appendix
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decisions were not visible until subsequent discussions. 
Later discussions helped minimise ambiguity, resolve 
conflicts, and clarify further exclusion decisions. To 
ensure alignment with the emphasis on greenspace 
morphology and its effects on human health across 
diverse resident populations, spatial scales, and a wide 
array of health indicators, a discerning exclusion 
criterion was applied. We excluded articles that were not 
human studies, did not explore health outcomes, 
focused solely on green verdancy without considering 
greenspace morphology, were not association or causa
lity examinations, were review articles, news, commen
taries, abstracts, or policy briefs, were qualitative studies, 
or had full texts that could not be accessed from 
databases, university libraries, from the authors, and the 
publishing journal (appendix pp 11–21).

Data extraction and study quality assessment
Three researchers (SG, AS, and HW) independently 
extracted data from the included English studies and 
two investigators (WX and HW) extracted data from the 
Chinese studies. WX and HW assessed the scientific 
quality of research independently for all included papers. 
The following information was obtained from each study 
according to a predefined plan: title, authors, publication 
year, study location, sample size, age group, covariates, 
health outcome assessed, greenspace morphology mea
sures, spatial resolution, spatial analytical unit, spatial 
scale, and data analysis methods, results, and con
clusions. We assessed the scientific quality of the 
included articles using the Effective Public Health 
Practice Project (EPHPP) Quality Assessment Tool for 
Quantitative Studies.51,52 We chose this tool because it is 
considered appropriate for observational, crosssectional, 
beforeandafter studies, and randomised controlled 
trials, thus aligns well with our selected studies.51 
Additionally, the EPHPP has been extensively used in 
previous review studies and has documented validity.53–55 
This tool assesses selection bias, study design, 
confounders, blinding, data collection methods, and 
withdrawals and dropouts. Each component is rated as 
either strong, moderate, or weak. Findings were 
compared for consistency, with disparities addressed 
with discussions. Data synthesis was performed after 
data extraction and quality rating. Metaanalysis was not 
possible due to heterogeneity in methods, greenspace 
metrics, and health outcomes examined in the studies. 
Consequently, we conducted a thematic analysis of the 
included studies.

Results
The initial search identified 311 993 articles, of which 
63 504 (20·4%) were duplicates, leaving 248 489 (79·6%) 
records that were screened by title and abstract for 
relevance. Of these, 248 173 (99·9%) were excluded, 
resulting in 316 (0·1%) being considered for fulltext 
review to be assessed for eligibility. 287 (90·8%) of these 

316 articles were excluded due to not meeting the inclusion 
criteria (the reason for each article is detailed in 
appendix pp 11–21). The remaining 29 (9·2%) articles were 
included in the final synthesis (figure 1; table).

Although databases were searched from the very first 
record, the first greenspace morphology and health study 
was published in 2014, with subsequent increases in the 
number of studies. Among the 29 identified articles 
(22 in English and seven in Chinese), 23 (79·3%) are 
crosssectional and six (20·7%) are longitudinal studies. 
Regarding the geographic locations of the studies (panel; 
table), eight (27·6%) studies were conducted in the USA. 
13 (44·8%) studies, including seven in English and 
six in Chinese, were conducted in mainland China. 
Five (17·2%) studies were conducted in Taiwan 
and two (6·9%) studies were conducted in the UK38,62 and 
one in Iran.64 For article quality assessment (figure 2; 
appendix pp 22–23), two (6·9%) studies were classified 
as strong, 16 (55·2%) were classified as moderate, and 
11 (37·9%) were categorised as weak. The quality of the 
included articles varied depending on the aspects 
assessed. For example, 23 (79·3%) of the studies used 
a crosssectional study design, which is considered weak 
for establishing causal inference, and were not suitable 
for evaluating withdrawals and dropouts. Most of the 
studies, however, used secondary data from reliable 
sources covering the entire study area, which resulted 
in high scores for blinding, data collection methods, 
and caused selection bias. Approximately onethird of the 
studies effectively controlled for confounding variables, 
including sociodemographic, geographical, and other 
con founders related to examined health outcomes. 
Unfor tunately, most of the Chinese studies only tested 
correlations without considering confounders, and many 
others struggled to include known confounders due 
to data unavailability. Regarding participant age groups, 
three (10·3%) studies focus on children56,77,78 and 
two (6·9%) articles examined older adults.67,69 22 (75·9%) 
studies focused on adult health (table). Six different 
groups of greenspace morphology characteristics were 
analysed, including 18 (62·1%) of 29 studies assessing 
for aggregation, 22 (75·9%) for size, 18 (62·1%) for 
shape, 17 (58·6%) for fragmentation, 13 (44·8%) for 
connectedness, and 12 (41·4%) for diversity. Greenspace 
morphology is associated with mental health, 
cardiovascular health, respiratory health, liver health, 
colon health, diabetes, myopia, allergic rhinitis, life 
satisfaction, life expectancy, frailty, BMI, and physical 
activity (table; panel).

Common greenspace morphology metrics and data 
processing information
Figure 3 presents the frequency of metrics that shows 
statistically significant associations with health. To cap
ture greenspace size, the mean patch area was commonly 
used in 14 (48·3%) of the 29 studies, followed by the 
largest patch index in 11 (37·9%) studies. For assessing 
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the shape of greenspaces, the shape index was the 
common choice in 12 (41·4%) studies. The patch density 
index was used to capture fragmented distributions of 
greenspace in 17 (58·6%) of 29 studies, and 11 (64·7%) of 
these 17 studies reported significant associations with 
health outcomes. Regarding connectedness, the cohesion 
index was the most widely adopted metric in ten (58·8%) 
of 13 studies and eight (80·0%) of these ten studies 
reported significant associations with health outcomes. 
The aggregation index was used in ten (55·6%) of 18 studies. 
Lastly, contrast metrics in three (17·6%) and diversity 
metrics in eight (66·7%) of 12 studies were used for 
capturing greenspace diversity. A comprehensive 
description of each metric identified in this Review is 
provided in the appendix (pp 24–29). Additionally, some 
articles presented figures that effectively illustrated 
differences between some metrics.67,78,79

The widely adopted software for calculating greenspace 
morphology metrics is FragStats, which originated 
from the landscape ecology field and was developed 
in 1995. FragStats provides a comprehensive range of 
land scape metrics for assessing the composition, 
configura tion, and spatial arrangement of different 
landscape elements.80 More recently, an R package 
named land scapemetrics has been introduced, allowing 
for programmingbased computation of a subset of 
metrics.81 Additionally, we identified one study from 
the UK that used the Quantum Geographic Informa
tion System plugin LecoS for mor phology metrics 
calculation.38 Regardless of the software used, all metrics 
were calculated based on raster maps. These maps were 
usually sourced from reputable government agencies 
either derived from image classi fication of satellite 
imagery or obtained via surveyed land use maps (table). 
The literature indicates the use of various map resolu
tions, including 0·25 m, 0·5 m, 1 m, 2 m, 4 m, 10 m, 
30 m, 50 m, 100 m, and 250 m, with four articles not 
specifying resolution information. The analytical units 
encompassed individ uals, lower super output areas, 
census tracts, and districts and counties.

Greenspace connectedness, aggregation, and health
Greenspace spatial connectedness is associated with 
health. Connectedness reflects whether multiple parks 
are connected by greenways or are spatially isolated. 
Ten (34·5%) of 29 studies used the cohesion 
index.36,37,40,41,56,64,65,69,77,78 Most studies reported that better 
connected greenspace morphology was associated 
with lower mortality and morbidity risk of non
communicable diseases,36,37,64,65 lower frailty among older 
adults,69 lower obesity among children,56 lower myopia,78 
lower allergic rhinitis,77 and longer life expectancy.41 
However, one countylevel study reported that more 
connected shrubland was associated with greater rates 
of frequent mental distress.40 However, the study only 
focused on shrubland, excluding all other vegetated 
land cover considered in the other studies. 

Two (6·9%) additional studies used the contiguity index 
to measure connectedness and found that higher 
greenspace connectedness was related to reductions in 
schizophrenia cases,62 and higher forest contiguity was 
associated with reductions in deaths from colon cancer.39

Greenspace spatial aggregation is also associated with 
health.36,39–41,56–58,63,68 Aggregation reflects whether parks 
within a census tract are spatially clustered and compact 
or disaggregated far apart from each other. From the 
literature, several different measures reflect aggregation, 
including the aggregation index, nearestneighbour 
distance index, and proximity index. Generally, more 
aggregated greenspace morphology is associated with 
lower allcause and causespecific mortality risk,36 reduced 
morbidity risk of noncommunicable diseases,37 lower 
diagnoses of schizophrenia,63 lower mental distress,40 and 
better life expectancy.41 Yet, one study in Chicago, USA, 
reported increased greenspace distance measured by the 
nearestneighbour distance index and clumpy index was 
associated with higher rates of psychological distress.68 
However, Chicago is an outlier as the most racially 
segregated major city in the USA.82 The discernible spatial 
pattern of this segregation warrants a further separate 
and indepth analysis.

Panel: Study characteristics of the 29 selected studies and their frequency

Study characteristics
• Study design: 23 (79%) of 29 cross-sectional studies and six (21%) longitudinal studies
• Study location: eight (28%) in the USA, seven (24%) in China (in English), six (21%) in 

China (in Chinese), five in (17%) Taiwan, two (7%) in the UK, and one (3%) in Iran
• Health outcomes: nine (31%) for mental health, eight (28%) for respiratory health, 

five (17%) for cardiovascular health, two (7%) for liver health, one (3%) for colon 
health, one (3%) for diabetes, one (3%) for myopia, one (3%) for allergic rhinitis, 
one (3%) for life satisfaction, one (3%) for life expectancy, one (3%) for frailty, 
one (3%) for BMI, and one (3%) for physical activity

• Data resolution: eight (28%) at 30 m, five (17%) at 10 m, five (17%) at 1 m (n=5), 
two (7%) at 0·25 m, one (3%) at 0·5 m, one (3%) at 2 m, one (3%) at 4 m, one (3%) at 
50 m, two (7%) at 100 m, one (3%) at 250 m, and four (14%) were not available

• Participant characteristics: 21 (72%) with adults age 18 years and older, two (7%) with 
older adults age 65 year and older, three (10%) with children age younger than 
10 years, one (3%) with college students, and two (7%) with unknown age

Greenspace morphology metrics examined
• Aggregation: ten (34%) with aggregation index, eight (28%) with nearest-neighbour 

distance, three (10%) with percentage of like adjacencies, two (7%) with splitting 
index, two (7%) with proximity index, one (3%) with clumpy index, one (3%) with 
contagion index, and one (3%) with mean similarity index

• Connectedness: ten (34%) with cohesion index and three (10%) with contiguity index 
(n=3)

• Diversity: eight (28%) with Shannon diversity index, three (10%) with edge contrast 
index, one (3%) with patch richness

• Fragmentation: 17 (59%) with patch density
• Shape: 12 (41%) with shape index, two (7%) with edge density, two (7%) with mean 

fractal dimension, one (3%) with total edge, and four (14%) with perimeter–area ratio
• Size: 14 (48%) with mean patch area and 11 (38%) with largest patch index

For more on FragStats see 
https://fragstats.org/

https://fragstats.org/
https://fragstats.org/
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Greenspace size and health
The average greenspace size within an area is associated 
with health.36–38,40,41,56,63,66,68 The most widely used 
measurement for greenspace size is mean patch area. In 
greenspace studies, when the total areas of greenspaces 
are comparable, a larger mean patch area value indicates 
a few large parks in the neighbourhood while a smaller 
value reflects many small, vegetated land parcels. Larger 
average sizes were reported to be associated with 
improved psychological health,63,66 lower mortality,36 and 
lower morbidity risk of noncommunicable diseases37,38 
and myopia.78

In addition to the average size of greenspaces, studies 
also examined whether the size of the largest greenspace 
in a given area affects health.57,58,67,69 For example, the 
larger the size (eg, m²) of the biggest park in a census 
tract, the better the health of residents within the census 
tract boundary, which is often measured with the largest 
patch index. Largersized parks were associated with 
lower frailty, decreased mortality risk at the county 
scale,58,67,69 and a reduction in cardiovascular disease 
mortality at the city district scale.57

Greenspace shape and health
The shape complexity of greenspace is associated with 
health.36,37,40,41,56,64–67,69 Shape complexity measures whether 
a park reflects a more complex shape including fingers or 
a goosefoot shape versus more compact shapes, such as 
perfect circles or rectangles. These spatial characteristics 
can be captured using the shape index.36,37,56,64,65,69 More 
complex shaped greenspaces were associated with 
reduced numbers of ambulatory care visits for heart, 
mental, and respiratory diseases;65 lower mortality 
risk;36 lower frailty;69 and lower morbidity risk of non
communicable diseases.37 Studies have also measured 
shape complexity by focusing on the boundaries of 

greenspace, using two metrics: edge density index and 
the total edge index. Generally, the longer the boundaries 
of greenspace, the more complex the shape. Longer edge 
length is associated with improved mental health,40 better 
life expectancy,41 and lower respiratory mortality.64 
Furthermore, the mean fractal dimension index and 
perimeter–area ratio index were also used. Both indices 
are based on the perimeter–area ratio of greenspace. 
However, when using these two metrics, articles reported 
conflicting results. One study conducted at the township 
level with high map resolution (0·25 m) reported 
decreased values of these two indices, which means 
decreased shape complexity was associated with lower 
incidences of bipolar disorders.66 This decrease of indices 
suggests that achieving shape complexity at a larger 
spatial scale might be necessary to attain the associated 
health benefits. Further studies are necessary to ascertain 
the influence of scale on greenspace morphology and 
health associations.

Greenspace fragmentation, diversity, and health
Greenspace fragmentation is the most widely examined 
metric in the literature36,37,40,41,57,58,64 and often captured by the 
patch density index. The index is calculated as the number 
of greenspaces within a specific area. For example, within 
a census tract, if there are many green land parcels, they 
are interpreted as being more fragmented. Most of the 
studies reported the more fragmented the greenspace 
morphology, the worse the health outcomes, including all
cause and a range of causespecific mortality,36,57,58 morbidity 
risks from myopia,78 and noncommunicable diseases.37 
Notably, one (3·4%) of 29 studies conducted for 
Community Statistical Areas, urban areas consisting of 
one to eight census tracts with populations between 
5000 and 20 000, reported no relationship between 
fragmentation and life expectancy after controlling social 
demographic variables.41

Three (10·3%) of 29 studies also reported a unique 
metric, the edge contrast index.40,41,63 This metric captures 
whether greenspace adjoins similar or contrasting land 
uses. Higher values indicate that greenspace more likely 
adjoins highly contrasting urban settings, such as 
roads or buildings. Greater edge contrast was asso
ciated with lower rates of frequent mental distress and 
schizophrenia.40,63 However, no association was found for 
life expectancy.41 Three (10·3%) studies examined the 
Shannon diversity index and found that more diverse 
greenspaces (ie, those containing trees, shrubs, and 
grasslands) provided better the health benefits.38,39,68

Mediating factors between greenspace morphology 
and health
It has been reported that air pollution and temperature 
play a mediating role in the relationship between 
greenspace morphology and cardiovascular diseases.57 
Specifically, PM10 (particulate matter less than 10 µm in 
diameter), PM2·5, sulphur dioxide, nitric oxide, carbon 

Figure 2: Results of quality assessment of studies using the Effective Public 
Health Practice Project quality assessment tool for quantitative studies
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monoxide, and annual mean temperature were identified 
as significant mediators. In another study, PM2·5 was 
high lighted as a mediator between greenspace morphol
ogy and a cluster of noncommunicable diseases.37 
Additionally, a study suggested that greenspace predicted 
respiratory mortality by reducing air pollution rather 
than temperature.58 Apart from the ecological services 
provided by greenspace, one study indicated that the lack 
of leisure time physical activity mediates the relationship 
between greenspace morphology and noncommunicable 
diseases. Furthermore, this effect was more pronounced 
than the effect of PM2·5, thereby highlighting potential 
behavioural mechanisms underlying these associations.37

Discussion
This systematic review identifies variations in the 
estimated effects of greenspace morphology on health 
outcomes across morphology metrics, spatial scale, and 
data resolution. Generally, greenspaces of larger average 
sizes, that have more intricate shapes, have improved 
connectivity, are more aggregated, are less fragmented, 
and are highly diverse (comprising a mix of trees, shrubs, 
and grass) in greenspace morphology are linked to better 
health outcomes. Conflicting results, however, do exist. 
Furthermore, the evidence from ecological study designs 
and heterogeneity among the selected studies can only 
be afforded a modicum of credibility.

Potential mechanisms linking greenspace morphology 
and health
The morphology metrics in the selected articles were 
adopted from the field of landscape ecology.80 The 
morphology of a landscape, which refers to the spatial 
arrangement of different land cover types and their 
configuration, can have a considerable effect on the 
ecological processes and services that occur within the 
landscape.83 Therefore, landscape ecology theorists have 
developed various metrics to capture landscape morphol
ogy, which has enabled empirical study. The ecological 
services hypothesised to be affected by landscape 
morphol ogy include reducing air pollution, cooling 
effect, and water infiltration, which influence human 
health.20 Studies have shown that the morphology of 
greenspace, charac terised by increased mean size, 
connectedness, aggre gation, shape complexity, and 
reduced fragmentation, can effectively reduce air pollu
tion levels. This reduction includes concentrations of 
PM10, PM2·5, nitrogen dioxide, and ozone.29,84,85 Further
more, studies indicate that the morphology of the 
landscape is associated with surface urban heat and 
temperature.86–88 We found three studies reporting 
that air pollution mediates the association between 
greenspace fragmentation and respiratory mortal ity and 
prevalence of noncommunicable diseases.37,57,58 More 
studies are needed to ascertain the mediating role of 
other ecological functions provided by greenspace 
morphology and to verify their effects in other settings.

Studies on greenspace morphology and human health 
should also consider human behaviour as a potential 
mediator.37 Stress reduction theory and attention 
restoration theory both emphasise that exposure to 
greenspaces contributes to health. Therefore, increasing 
the duration, frequency, and intensity of exposure to 
greenspace might also be beneficial.37 The duration and 
frequency of visits to greenspaces were associated with 
improved mental health,33 vitality,89 general health,90 and 
cardiovascular health.33 The intensity of use, such as 
exercising in greenspaces, has been linked to mental and 
physical health.91 Whether the morphology of greenspace 
might influence the likelihood of residents’ exposure to 
and use of greenspace and therefore contributes to their 
health, however, needs further exploration. We only 
noted one study that reported the role of physical activity 
mediating the relationship between greenspace 
morphology and the prevalence of noncommunicable 
diseases.37 Related evidence suggests that linearshaped 
parks should increase accessibility compared with parks 
that have compact shapes92 and that such accessibility is 
associated with lowered obesity prevalence.93 Larger size 
parks have also been reported to provide broader 
recreational options compared with small parks and 
might provide additional benefits.94,95 Connected parks 
might also offer greater opportunities for staying longer 
in a greenspace by walking or biking from one park to 

Figure 3: Frequency of greenspace morphology metrics that show statistically significant and non-
significant associations with health outcomes
A solid bar represents statistically significant associations, while an uncoloured bar indicates that the metric was 
examined, but resulted in non-significance.
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the other without leaving the greenspace, therefore 
contributing to human health.90 Greenspaces along 
neighbouring road networks might also increase 
residents’ passive exposure to vegetation on their way to 
and from work, without requiring individuals to spend 
extra time deliberately visiting individual parks, thus 
providing health benefits for busy individuals. Consistent 
with this hypothesis, visual exposure to greenspace along 
highways is associated with drivers’ mental health.96 
Given the substantial body of literature suggesting such 
mechanisms, further study is warranted regarding the 
role of human behaviour in catalysing the positive 
relationship between greenspace morphology and health.

The importance of considering map resolution and 
spatial scale
The emergence of conflicting findings regarding the 
relationship between greenspace fragmentation and 
health underscores the importance of considering map 
data resolution in future studies. The choice of resolu
tion can alter the conceptual meanings of realworld 
measurements. For example, calculating the patch 
density index (ie, greenspace fragmentation) at a 1 m 
resolution would be sufficient for capturing individual 
street trees and the small turf areas in front of houses in 
a dense residential neighbourhood. However, if the 
same metric was calculated at 100 m resolution, it would 
be insufficient for characterising a greenspace that is 
smaller than 10 000 square meters. At this scale, the 
resolution would be unsuitable for indicating fragmen
tation. Instead, the patch density index would become 
an indicator of the number of large parks within a region. 
Studies that used a 1 m resolution map reported that 
when the greenness magnitude is the same, the patch 
density index positively correlates with mortality risk.36,58 
However, a study based on a 100 m resolution map 
reported a negative correlation with mortality risk. 
Although these results might appear inconsistent, 
when the differing map resolutions are considered, they 
are consistent because both lower fragmentation and 
a greater number of large parks are associated with 
lower mortality risk.67 Additional evidence for the 
importance of map resolutions is reflected in a study 
conducted at 1 m, 10 m, and 30 m resolutions, which 
reported that the edge density of greenspace was 
significantly associated with life expectancy at 1 m and 
10 m, but not at 30 m.41 As such, additional studies 
conducted with differing map resolutions are needed.

Examining the associations in a range of analytical 
units is also critical for understanding healthpromoting 
characteristics. Within the selected articles, studies 
reflected various spatial scales, including individual, 
lower super output area, census tract, district, and county 
levels. These levels of analysis are of potential relevance 
for planning initiatives at different scales—ie, for pocket 
parks, residential small gardens, community parks, and 
regional parks. However, studies at the city and state 

levels were notably absent, despite these being crucial 
spatial scales where landscape and urban planning 
practices are often implemented. For example, the 
Olmsteddesigned Emerald Necklace in Boston, USA is 
one of many famous largescale urban park projects. 
However, because of the lack of research on the specific 
health effects of such cityscale greenspace projects, we 
do not know whether investing in such parks at the city 
scale is more beneficial than at the neighbourhood scale. 
As such, further research is urgently needed.

The concern of multicollinearity in modelling
Several studies have incorporated multiple morphological 
metrics into a single regression model, raising concerns 
about multicollinearity. Several of these metrics show 
statistically significant correlations, even though they 
belong to different categories. Therefore, caution should 
be exercised when fitting regression models to account 
for these correlations. For instance, as the average size of 
greenspaces increase, there is a higher likelihood 
of increased aggregation. As the average size reaches 
a specific threshold, greenspaces can become inter
connected leading to an increase in the connectedness 
value. Metrics within the same category, while assessing 
similar spatial characteristics, exhibit slight differences 
due to their distinct calculation formulas and focal points. 
For example, both patch density (fragmentation) and 
nearestneighbour distance could reflect a particular level 
of aggregation. However, the patch density index 
specifically indicates whether there are numerous small 
fragments of greenspace (high fragmentation) or a few 
large greenspaces (low fragmentation). On the other 
hand, the nearestneighbour distance focuses more on 
the spatial proximity of the greenspaces.

Thus, the selection of greenspace morphology metrics 
during statistical modelling should consider the 
relationship between metrics to avoid difficulties in 
interpreting study results. Regression coefficients are 
typically interpreted to reflect the importance of a variable 
while holding all other variables constant, or reflect how 
a change in the independent variable under review would 
lead to a change in the outcome variable. If the distance 
between greenspaces and greenspace connectedness 
indices were put into one regression model, the 
importance of connectedness might be interpreted as 
how changes in connectedness influence health when 
distance between greenspaces is held constant. However, 
in realworld settings, it is difficult, if not impossible to 
change the connectedness without influencing the 
distance between parks. Alternatively, connecting parks 
with parkways effectively turns isolated parks into 
one connected park, thereby reducing the distance 
between them to zero.

The necessity of controlling greenness level
Although we advise against including multiple correlated 
morphology metrics in one statistical model, it might be 
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beneficial to control greenness levels when investigating 
the relationship between greenspace morphology and 
health. This is particularly true when the variance 
inflation factor indicates minimal collinearity. Isolating 
the effects of a particular aspect of greenspace mor
phology from the overall effects of greenness is 
important. This is because the practical value of 
morphology study is its ability to identify the ideal spatial 
arrange ment and allocation of greenspace for optimal 
health benefits, particularly given the restricted capacity 
to modify the total amount of green. Given the large 
number of studies reporting the positive value of 
increased greenspace, greenness magnitude becomes 
a major confounding factor when exploring the effect of 
morphology, and therefore should be controlled. 
Although our detailed analysis reported on 29 articles, 
only two (6·9%) studies purposefully controlled for the 
total greenspace area or percentage of greenspace in 
their analyses.36,37 More research is needed to further 
examine the influence of greenspace morphology above 
and beyond the effects of greenspace magnitude.

Implications for practice and policy
While further research is warranted, the available 
evidence suggests that healthpromoting greenspace 
practices and policies should consider the potential 
influence of greenspace morphology, in addition to the 
magnitude of greenness. Connecting existing parks with 
green belts along streets might help promote a desired 
greenspace morphology. Introducing isolated small lawn 
areas in front of each building, however, might not yield 
as many benefits as enhancing an already planned or 
existing large park within a community. In cases where 
fragmented greenspaces exist, the costeffective approach 
of planting trees in gap areas facilitates spatial linkage 
by providing a substantial tree canopy. Additionally, 
transforming a large park to create more entry points 
and border areas has the potential to enhance its 
accessibility for a larger population. The incorporation of 
trees, shrubs, and grasslands enhances biodiversity, 
which is known to be beneficial for ecological health, and 
this diversity might positively affect human health as 
well.

Limitations and future research
Several noteworthy limitations are inherent in this field. 
The literature in this specialised field is predominated 
by ecological study designs, often conducted at an 
aggregated population level. The heterogeneity in 
method ologies, outcomes, and measures restricts the 
feasibility of a metaanalysis and should be considered in 
future studies. Furthermore, the suboptimal control of 
confounding variables and the somewhat modest sample 
size reduced the studies’ statistical significance. We 
encourage researchers to adopt highcredibility research 
methodologies, particularly individuallevel prospective 
cohorts and intervention studies, to provide more robust 

data for causal inference. Studies should report their 
effect sizes to facilitate metaanalyses. Furthermore, 
there is considerable potential for future studies to 
investigate the mediation of human behavioural factors. 
Examining such associations at varying spatial scales and 
using diverse map resolutions holds value. Additionally, 
controlling for the total amount of greenery in such 
analyses is advisable. Further research could also explore 
the use of mixed methods to simultaneously examine 
various metrics, such as those assessing greenspace 

Search strategy and selection criteria

We followed the procedures in the PRISMA statement and searched five English 
databases—Scopus, PsycINFO, PubMed, MEDLINE, and Google Scholar—using English 
keywords, and three Chinese databases—Chinese Biomedical Database, China National 
Knowledge Infrastructure, and WanFang Data—using corresponding Chinese keywords, 
starting from the very first record in the databases and up to April 18, 2024 for journal 
articles on greenspace morphology and health relationships. To identify articles, we used 
three groups of terms to capture greenspace, morphology, and health. Greenspace terms 
included: “landscape” OR “recreation” OR “green*” OR “park*” OR “forest*” OR “garden” 
OR “vegetation*” OR “nature” OR “natural” OR “NDVI” OR “normalized difference 
vegetation index” OR “tree*” OR “grass*” OR “shrub*” OR “woodland” OR “wild”. 
Morphology search terms included: “morphology” OR “typology” OR “shape” OR 
“spatial*” OR “structure” OR “distribution” OR “pattern” OR “character*” OR “connect*” 
OR “fragment*” OR “size*”. Health-related keywords included “mortalit*” OR “life 
expentanc*” OR “death” OR “obes*” OR “overweight*” OR “BMI*” OR “adipos*” OR 
“cardiovascular*” OR “acute MI” OR “myocardial infarction*” OR “cardiac” OR “heart” OR 
“coronary syndrome*” OR “cardiometabolic” OR “hypertension” OR “blood pressure” OR 
“stroke” OR “cholesterol” OR “dyslipidemia” OR “atherosclerosis” OR “arrhythmia*” OR 
“peripheral artery” OR “venous thromboembolism” OR “neurological” OR “neuro*” OR 
“neoplasm*” OR “carcinoma” OR “cancer*” OR “diabet*” OR “insulin” OR “asthma*” OR 
“wheez*” OR “lung” OR “spirometry” OR “allerg*” OR “atopic dermatitis” OR “respirat*” 
OR “COPD” OR “chronic obstructive pulmonary disease” OR “pulmonary” OR “chronic 
bronchitis” OR “emphysema” OR “birth*” OR “weight*” OR “birthweight*” OR “pregnan*” 
OR “maternal” OR “reproductive outcome*” OR “preeclampsia” OR “diabetes” OR 
“spontaneous abortion” OR “pregnancy” OR “infant” OR “physical” OR “chronic*” OR 
“*morbidit*” OR “self-reported” OR “perceived” OR “hospital*” OR “hospitaliz*” OR 
“admiss*” OR “readmiss*” OR “hospital stay” OR “prevalence” OR “disease” OR “life 
expectancy” OR “life-expectancy” OR “quality of life” OR “well-being” OR “wellbeing” OR 
“physical fitness” OR “health status” OR “functional status” OR “mobility” OR “lifestyle*” 
OR “health” OR “myopia” OR “disorder” OR “mental” OR “emotion*” OR “psychological” 
OR “cogniti*” OR “stress” OR “depressi*” OR “anxiety” OR “mood” OR “bipolar” OR 
“schizophrenia” OR “post-traumatic” OR “PTSD” OR “psychiatric” OR “obsessive-
compulsive” OR “OCD” OR “eating*” OR “sleep” OR “immunological” OR “immune” OR 
“kidney” OR “breath*” OR “cough*” OR “life satisfaction” OR “happiness” OR “Alzheimer” 
OR “Parkinson” OR “Vascular” OR “incidence” OR “morbidity” and a considerable number 
of specific disease-related keywords (appendix pp 4–10). We also examined the 
bibliographies of relevant articles and published reviews. Search languages were restricted 
to English and Chinese. Inclusion and exclusion criteria aligned with the emphasis on 
greenspace morphology and its effect on human health across diverse resident 
populations, spatial scales, and a wide array of health indicators, in English or Chinese. 
Exclusion criteria were: non-human studies; studies not exploring health outcomes; those 
that lack a focus on greenspace morphology; studies not an association or causality 
examination; review articles; news, commentaries, abstracts, or policy briefs; qualitative 
studies; and papers with no full text available.
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morphology and quality. Moreover, investigating the 
health effects of brownfield sites and the morphology of 
blue spaces could also prove valuable beyond the study 
of urban greenery.

Our Review comes with a few limitations. We acknowl
edge that our exclusion of qualitative literature might 
have resulted in the omission of relevant data, a limitation 
inherent in our approach. Our focus on peerreviewed 
journals rather than grey literature might have also led to 
the oversight of important publications. Additionally, our 
review was confined to works published in English and 
Chinese, potentially limiting its scope in capturing the 
entirety of global research output. Although the EPHPP 
qualityassessment method enabled us to identify weak 
study designs and inadequate control of confounding 
variables, revealing a general lack of robust evidence in 
the field, it might not be entirely suitable for evaluating 
withdrawals and dropouts in crosssectional studies. 
Future review efforts might benefit from conducting 
separate assessments tailored to different study designs, 
provided a sufficient volume of literature supports such 
differentiation.

Conclusion
In summary, the prevailing literature in this domain 
consistently reported that greenspace morphology is 
associated with improved health outcomes and that this 
correlation is evident across various geographic scales. 
The current literature, however, is composed predom
inantly of observational studies using an ecological study 
design, with notable heterogeneity among research 
findings. Consequently, the current level of certainty of 
this data is deemed as low. To bolster causal inference, 
future research endeavours should prioritise individual
level prospective cohorts and intervention studies. 
Furthermore, incorporating mediation analyses should 
reveal the variables that influence the intricate rela
tionships between greenspace morphology and health. 
Future research initiatives should also consider factors 
including map resolution, scale, control for confounders, 
and greenness levels in their analyses. These factors will 
enhance understanding of the complex relationships 
between greenspace morphology and health.
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