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Abstract: Although a growing number of studies have suggested the relevance of greenspace exposure
to respiratory health, most have explored single greenfield indicators or selected disease outcomes.
This systematic review aimed to comprehensively assess the evidence that greenspace exposure is
associated with chronic obstructive pulmonary disease (COPD) incidence, prevalence, mortality, and
related lung function indicators and to explore the impact of greenspace exposure on COPD-related
disease outcomes. We searched the literature published before 28 September 2023, using six electronic
databases and snowball searches. After screening 3689 studies, 16 eligible studies were included.
These studies examined various greenspace indicators such as the Normalized Difference Vegetation
Index (NDVI), canopy coverage, greenspace coverage, and land cover conditions. Most studies
have reported the positive effects of greenspace exposure. However, the findings had significant
heterogeneity, with large differences in the greenness assessment, COPD identification methods, and
population characteristics. The mechanisms of this impact have not been conclusively determined,
but we propose several hypotheses to explain the pathways by which greenspace exposure affects
COPD. Overall, our findings contribute valuable knowledge for understanding the relationship
between greenspace exposure and COPD, informing future research in this field.

Keywords: greenness; vegetation; indicators; COPD; systematic review

1. Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a major global public health chal-
lenge and a leading cause of chronic morbidity and mortality worldwide [1]. Chronic
respiratory symptoms characterize this heterogeneous lung disease, including dyspnea,
cough, and sputum production [2]. The worsening of these symptoms is associated with
airway abnormalities (bronchitis and bronchiolitis) and/or alveolar abnormalities (emphy-
sema), leading to persistent and often progressive airflow obstruction [3]. Based on data
from the Burden of Obstructive Lung Diseases (BOLD) and other large-scale epidemiologi-
cal studies, the estimated global prevalence of COPD is 10.3% (95% CI: 8.2%, 12.8%) [4].
Owing to the increasing prevalence of smoking in low- and middle-income countries and
the aging population in high-income countries, the prevalence of COPD is projected to
increase. According to the Global Burden of Disease study, COPD accounted for 4.72% of
all-cause mortality in 2017, or approximately 42 deaths per 100,000 individuals [5–7]. It is
estimated that approximately 3 million people die from COPD globally annually [8].

The primary environmental exposure that contributes to COPD is toxic gases and parti-
cles caused by indoor and outdoor air pollution. Other environmental and host factors may
also contribute to the increased prevalence and mortality associated with COPD [4,9,10].
However, among the relevant environmental factors, exposure to greenspaces has been
found to benefit respiratory health [11–13]. Greenspaces are open, visible, and accessible
areas within urban areas that primarily consist of plants, grass, trees, and other green-
ery [14–16]. In recent years, many researchers have begun to study whether exposure to
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green areas or spaces benefits human respiratory health [17–20]. Some studies have shown
that greenery can reduce the risk of lung disease by reducing exposure to environmental
hazards (e.g., air pollution and allergens) [21–23]. Greenspaces can provide venues for
increasing physical activity [24], enhancing opportunities for social participation [19,25],
and reducing stress [26], all of which can strengthen lung function and promote good
health [27].

Over the past 15 years, many epidemiological studies have provided evidence of the
relationship between exposure to green environments and COPD. However, these studies
have presented inconsistent or contradictory results. Some studies have reported beneficial
associations between greenspaces and COPD prevalence and mortality [28–30], whereas
others have found no correlation [31] or harmful associations [32,33]. Three previous
systematic reviews and meta-analyses have summarized the evidence on the association be-
tween urban green spaces and respiratory health, Lambert et al. [34] only included studies
focused on children’s populations. Mueller et al. [35] conducted an overall review of studies
on urban greenspaces and respiratory health pathways; however, the summary was incom-
plete, as only four cross-sectional studies were included in the COPD-specific report, which
included only a partial set of health outcomes. Tang et al. [36] did a synthesis of chronic
respiratory diseases and found that increased exposure to green space was associated with
reduced mortality from COPD (RR = 0.95, 95% CI: 0.92–0.99), but not with COPD incidence
and prevalence. Due to the condition of the study methodology, the included literature
only used objective indicators of continuous NDVI to evaluate green space exposure, with
high heterogeneity. Given the rapidly increasing number of studies published in recent
years on green space and COPD outcomes, the type and range of indicators of green space
exposure varied. Therefore, there is a need for comprehensive studies involving a wider
range of COPD-related disease outcomes using a more comprehensive system of quality
evaluation indicators [37].

Therefore, we reviewed evidence on the relationship between greenspace exposure
and COPD incidence, prevalence, and mortality. We used a more comprehensive evaluation
tool focused on the Greenspace Indicator (GSI) statistic and a systematic review of the
existing evidence in the context of studies related to COPD rehabilitation and treatment [38].
The objectives of this review are: (1) to investigate the overall correlation of the results
from all relevant studies and explore the impact of greenspace exposure on COPD-related
disease outcomes. (2) To analyze and summarize the reasons for heterogeneity in the
findings of relevant studies and provide recommendations for future research, and (3) to
utilize existing evidence to explore possible pathways through which greenspace exposure
may affect COPD.

We expect this review to provide professionals, policymakers, and practitioners with
an illuminating direction and a more comprehensive basis for demonstrating the link
between exposure to greenspaces and the risk of COPD-related diseases from greenspace
quality and green exposure perspectives [39]. Integrating evidence from multiple disci-
plines, such as public health, medicine, epidemiology, and the environment, highlights the
critical importance of interdisciplinary and multi-sectoral/agency collaboration, including
the fields/sectors of public health, urban planning, and transportation, to enable the devel-
opment of more effective non-pharmacological intervention strategies that can contribute
to greater concern for one’s health and the prevention or control of COPD.

2. Materials and Methods

This review was conducted per the Preferred Reporting Items for Systematic Evalua-
tion and Meta-Analysis (PRISMA) guidelines [40] and was registered on the PROSPERO
registry platform (ID: CRD42023478558).

2.1. Search Strategy

To ensure the comprehensiveness of the review, we first conducted a free search. We
constructed an extensive list of keywords to capture as much literature on greenspace
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exposure and COPD as possible. The search terms were based on a combination of key-
words from the research themes ‘greenspace’ and ‘COPD’. ‘Greenspace’ keywords include
(natural environment*, natural area*, natural space*, natural scene*, natural setting*, natu-
ral view*, greenness, greenery, greenspace*, etc.). ‘COPD’ keywords include (Pulmonary
Disease, Chronic Obstructive, Chronic Obstructive Lung Disease, Chronic Obstructive
Pulmonary Diseases, COAD, COPD, etc.). The search was conducted in September 2023 us-
ing a series of systematic literature searches of six databases: Web of Science, PubMed,
Scopus, Cochrane Library, Embase, and EBSCOhost. In addition, we used the snowballing
technique to search for all eligible studies and consulted the reference lists of relevant
systematic reviews for potentially relevant studies (details of the full search strategy are
shown in Table S1).

2.2. Eligibility Criteria

The criteria for inclusion and exclusion in our study are as follows: (1) Literature types:
inclusion of studies or conference papers published in peer-reviewed journals. (2) Language:
Only English articles were included. (3) Research topic: inclusion of studies reported
on the relationship between greenspace and COPD. (4) Research methods: inclusion
of studies assessed greenspace exposure using subjective (e.g., subjective proximity to
greenspace, subjective perception of greenspace, etc.) or objective (e.g., NDVI, canopy
cover, greenspace per capita, etc.) metrics not limited to the evaluation by professional
reviewers using Geographic Information Systems (GIS) or a unified tool. Studies lacking
greenspace measurement indicators or where greenspace was treated as a covariate rather
than an independent variable, and studies using indoor greenness assessments or climate
indicators unrelated to greenness, such as heat exposure, were excluded. (5) Research
results: inclusion of studies reported on results related to COPD, such as prevalence,
incidence, mortality, and so on. Studies on the quality of life of people with COPD were
excluded, as these results did not provide information on whether greenspaces correlate
with COPD. (6) Study types: Qualitative studies were excluded.

2.3. Study Selection

The retrieved articles were imported into the online tool EndnoteX9 (Thomson Re-
searchSoft Co. Ltd., Stamford, CT, USA) to screen and manage search results, and duplicates
were removed from the combined search results. Titles and abstracts were screened to
exclude articles not meeting the inclusion criteria. Two reviewers (Y.G. and K.P.) indepen-
dently conducted a full-text analysis of the remaining articles to determine their eligibility
for inclusion in the final review. In cases of disagreement between the reviewers, the paper
was referred to a third reviewer (Z.B.) for discussion and resolution until a consensus
was reached.

2.4. Data Extraction

The following information was extracted from eligible studies by two independent
researchers (Y.G. and K.P.): author, publication year, study location (minimum admin-
istrative unit: city), period, study design, sample size, sample sex, sample age, sample
group attributes, statistical methods, greenspace type, greenspace measurement methods,
greenspace exposure, intervention methods and procedures (intervention studies only),
outcome estimation, COPD outcomes, confounders/covariates, and main results. Any
differences in opinion were resolved through a joint discussion to reach a consensus.

2.5. Quality Evaluation

To evaluate the design and implementation of each study, including the assess-
ment of threats to validity, reliability, generalizability, risk of bias, and quality of report-
ing. We modified and revised the quality assessment frameworks of Gascon et al. [41],
Lachowycz et al. [38], and de Keijzer et al. [42] Based on this, we established evaluation
criteria for research on greenspaces and COPD; refer to the Supplementary Materials for
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detailed information (Table S2). The quality assessment of the scale was based on re-
search methods, greenspace exposure assessment, and outcome evaluation. The quality
assessment of the scale (Table S3) was based on research methods, greenspace exposure
assessment, and outcome evaluation, and a total of 15 criteria with a total score of 0–22 were
set for the study quality assessment and peer-reviewed by the researchers according to
the question categories. To summarize the studies included in this review, the following
grades were determined: low-quality studies (0–14), medium-quality studies (15–17), and
high-quality studies (18–22). Two independent reviewers assessed the quality of each
included study, while a third reviewer assisted in resolving evaluation inconsistencies. The
review also included two experimental studies evaluated for the risk of bias using the
Cochrane Risk of Bias 2.0.

3. Results
3.1. Identification of Studies

The literature search selection process and summary results are shown in Figure 1. We
conducted an initial search across six databases using the predetermined list of keywords
described earlier, which retrieved 3680 articles, and we added 9 studies from the manually
retrieved references. After removing 1407 duplicate articles, 2282 unique articles remained.
We performed title and abstract screening and excluded 2251 irrelevant articles, leaving
31 records for a full-text review. After full-text screening, 15 articles were excluded, and
16 eligible papers were identified for the final analysis. These papers were classified based
on the study type.
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Figure 1. Study selection procedure using the PRISMA guidelines.

3.2. Study Characteristics

Tables 1 and S4 provide the characteristics of the studies included in this review, and
Table 2 summarizes the studies’ characteristics for study type, study location, study period,
and publication year.
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Table 1. Characteristics of the included studies.

Observational Studies

Author,
Year

Study Location
and Period Study Type Sample Size (n) Age

(Mean ± SD, Years) COPD Outcomes Greenspace
Measurement Methods

Greenspace
Exposure Outcome Estimation

(1) Sarkar et al.
(2019) [30]

UK 1

2006–2010
Cross-sectional 96,779

(77,679 in analysis)
≥39

(56.2 ± 7.8) COPD prevalence NDVI 8 in a 500 m
residential buffer

OR 11 per IQR 12

increase in NDVI

(−) 16 OR = 0.89
(95% CI: 0.84, 0.93)

p < 0.001

(2) Fan et al.
(2020) [32] China Cross-sectional

66,752
(9134 adults were

classified as
COPD 3)

≥40
(61.59 ± 13.63) COPD prevalence

NDVI in a 100, 300, 500,
1000, 2000, 3000, and

5000 m residential buffer

OR per IQR
increase in NDVI

(+) 17 OR = 1.08
(95% CI: 1.01, 1.15)

p < 0.05 (100 m buffer)

(3) Xiao et al.
(2022) [43] China Cross-sectional 50,991 20–89

(49.38 ± 13.86)

COPD prevalence;
Full-spectrum

lung
function

indicators

NDVI in a 250, 500, 1000,
and 1250 m residential

buffer

OR per IQR
increase in NDVI

(−) age < 65: OR = 0.90
(95% CI: 0.82, 0.99)

p < 0.001 (500 m buffer);
age ≥ 65: OR = 0.92
(95% CI: 0.79, 0.95)

p < 0.001 (500 m buffer)

(4) Maas et al.
(2009) [29] The Netherlands Cross-sectional

345,143
(12,813 were

classified
as asthma, COPD)

>12 COPD morbidity Green land cover

OR for 10%
increase in

greenspace within
1 km

(−) OR = 0.97
(95% CI: 0.96, 0.98)

p < 0.01 (1 km radius)

(5) Servadio et al.
(2018) [33] Atlanta Cross-sectional

169 census tracts
1000–5000 (per

census tract)
>65 COPD prevalence Tree canopy cover NA

(+) Pearson correlation
coefficients: tree canopy:

r = 0.015

(6) Zhang et al.
(2023) [44] Anhui, China Cross-sectional 2768 ≥40

Full-spectrum
lung

function
indicators

NDVI with a distance of
1000-m buffer;

EVI 9

Indicators per IQR
increase in NDVI

(−) FVC 18 p = 0.011;
FEV1 19 p = 0.012;
FEV3 20 p = 0.011;
FEV6 21 p = 0.011

(7) Kowalczyk et al.
(2022) [45]

Lodz province,
Poland Case-control 2984 ≥65 COPD

exacerbations Forest cover

Forest cover: High
(>20.60%) vs. low

(<7.00%);
Medium

<7.00%–20.60%>
vs. low (<7.00%);

low (<7.00%)

(NS) 22 high vs. low:
OR = 0.897

(95% CI: 0.605, 1.331);
medium vs low:

OR = 0.925
(95% CI: 0.648, 1.322)
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Table 1. Cont.

Observational Studies

Author,
Year

Study Location
and Period Study Type Sample Size (n) Age

(Mean ± SD, Years) COPD Outcomes Greenspace
Measurement Methods

Greenspace
Exposure Outcome Estimation

(8) Bauwelinck et al.
(2021) [28]

Belgian
2001–2011 Cohort 2,185,170 median (IQR)

51.14 (24.85) COPD mortality

NDVI and MSAVI2 10 in
a 300 m,

500 m, and 1000 m
residential buffer;

Perceived greenspace

HR 13 per IQR
increase

in NDVI (IQR:
0.24)

(−) NDVI 500 m:
HR = 0.96

(95% CI: 0.93–1.00);
Perceived neighborhood

greenspace:
HR = 0.94

(95% CI: 0.89–0.99)

(9) Roscoe et al.
(2022) [27]

England
2006–31 July 2020 Cohort

472,314
(383 COPD cause

death)

40–69 years
(56 ± 8.5) COPD mortality

Percentage cover for
each type of

greenspace in circular
distance buffers

HR per IQR
increase in

greenspace cover

(−) Total greenspace:
HR = 0.85

(95% CI: 0.76–0.95);
Private residential garden:

HR = 0.78
(95% CI: 0.66–0.93)

(10) Sun et al.
(2020) [31]

Hong Kong, China
1998–31 December

2011
Cohort

66,820
(947 COPD cause

death)

≥65
(84.3 ± 6.6) COPD mortality NDVI in a 250, 500 m

residential buffer

ER 14 per IQR
increase in

greenness by
NDVI 250 m

(NS) No quantitative
results for GS indicators

(11) Zhao et al.
(2022) [46]

China
2015–2018 Cohort

Western region:
31.29 ± 0.30

Central region:
54.15 ± 0.29

Eastern region:
52.29 ± 0.47 *

NA 4 COPD mortality
Coverage of greenspace;

Three-dimensional
greenspace

Estimates were
scaled to a 1-unit

(100 km2) increase
in greenspaces

and a 1-unit
(1/105) decrease

in mortality

(−) lag3 β 23 = −0.284
(95% CI: −0.388, −0.180)

(12) Yu et al.
(2023) [47]

UK
2006–31 March

2021
Cohort 363,212 38–70 years

(56.2 ± 8.1) COPD incidence NDVI in a 500, 1000 m
residential buffer

HR per IQR
increase in NDVI

(−) HR = 0.92
(95% CI: 0.89, 0.95)

p < 0.001 (500 m buffer)

(13) Gou et al.
(2023) [48]

Chongqing, China
2012–2020 Ecological 313,013 NA COPD mortality NDVI Parameters of

GWR results
(±) 24 +(%) = 63.0,

−(%) = 37.0; p < 0.001

(14) Kasdagli et al.
(2022) [49] Greece Ecological 1035 municipal

units NA COPD mortality Mean NDVI in May
per municipal unit

RR 15 per IQR
increase in NDVI

(−) RR = 0.90
(95% CI: 0.83, 0.97)
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Table 1. Cont.

Experimental Studies

Author,
Year

Study Location
and Period Study Type Sample Size Age

(Mean ± SD, Years) COPD Outcomes Greenspace Type Greenspace
Exposure Outcome Estimation

(15) Jia et al.
(2016) [50]

Hangzhou, China
From 6 to

9 August 2013

randomized
control

18 (forest: 10; city:
8)

forest: 70.1 (67–77);
city: 70 (61–79)

Inflammation level; Flow
cytometry; ELISA;
POMS 5 evaluation

Forest NA (−)

(16) Janik et al.
(2021) [51]

Germany
PR 2 program for

21 days

non-randomized
control

intervention
group: 22; control

group: 32
40–80 years

Body plethysmography,
6MWD 6, COPD

Assessment Test, BMI 7,
and peak flow.

Healing Forest NA (−)

1 UK: United Kingdom; 2 PR: pulmonary rehabilitation; 3 COPD: chronic obstructive pulmonary disease; 4 NA: not available; 5 POMS: profile of mood states; 6 6MWD: 6-min-walking-
distance; 7 BMI: body mass index; 8 NDVI: normalized difference vegetation index; 9 EVI: enhanced vegetation index; 10 MSAVI2: modified soil-adjusted vegetation index 2; 11 OR: odds
ratio; 12 IQR: interquartile range; 13 HR: hazard ratio; 14 ER: excess risk; 15 RR: relative risk; 16 (−): negative relationship; 17 (+): positive relationship; 18 FVC: forced vital capacity;
19 FEV1: forced expiratory volume in 1 s; 20 FEV3: forced expiratory volume in 3 s; 21 FEV6: forced expiratory volume in 6 s; 22 (NS): no significant relationship; 23 β: beta value; 24 (±):
positive and negative relationships coexist; * The sample size is Mean ± SD (Standard Deviation), in units of million.
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Table 2. Summary of study characteristics across 16 studies included in this review.

Criterion Number of Studies (%) Study Reference Numbers *

Study type
Cross-sectional 6 (38%) [1–6]

Case-control 1 (6%) [7]
Cohort 5 (31%) [8–12]

Ecological 2 (13%) [13,14]
Randomized control 1 (6%) [15]

Non-randomized control 1 (6%) [16]
Study location

United Kingdom 3 (19%) [1,9,12]
China 7 (45%) [2,3,6,10,11,13,15]

The Netherlands 1 (6%) [4]
Atlanta 1 (6%) [5]
Poland 1 (6%) [7]
Belgian 1 (6%) [8]
Greece 1 (6%) [14]

Germany 1 (6%) [16]
Study period

<5 years 11 (69%) [1–7,11,14–16]
5–9 years 1 (6%) [13]

10–14 years 4 (25%) [8–10,12]
Publication year

2009–2015 1 (6%) [4]
2016–2020 5 (31%) [1,2,5,10,15]
≥2021 10 (63%) [3,6–9,11–14,16]

* Reference numbers refer to specific studies noted in the first column of Table 1.

Among the 16 studies included in the final review analysis, the most eligible studies (n = 14)
were observational, with six cross-sectional [29,30,32,33,43,44], five cohort [27,28,31,46,47], one
case-control [45], and two ecological studies [48,49]. The remaining two studies were
experimental (one randomized controlled study [50] and one non-randomized controlled
study [51]).

The years since the publication of these studies ranged from 2009 (n = 1) [29] to
2023 (n = 3) [44,47,48]. It is worth noting that after the study by J. Maas et al. [29], there
was a gap of nearly six years, with no relevant studies until after 2016 when researchers
started to pay gradual attention and conduct studies in the direction of the correlation
between greenspace exposure and COPD. The number of relevant studies gradually in-
creased after 2021, with five studies published in 2022 [27,43,45,46,49], the year with the
highest number of publications. Among the included studies, seven were conducted in
China [31,32,43,44,46,48,50], eight in Europe (the United Kingdom [27,30,47], Belgium [28],
the Netherlands [29], Poland [45], Greece [49], and Germany [51]), and one in Atlanta [33].

Sample sizes varied widely across studies, ranging from 18 [50] to nearly 2.2 mil-
lion [28]. More than half of the studies had sample sizes numbers greater than 50,000
(n = 10; 62.5%). The sample population in most studies included children, adults, older
adults, and the general population, with some studies (n = 5) [29,43,45,50,51] using a sample
size restricted to COPD patients registered in healthcare facilities such as hospitals and
clinics. The average age of participants ranged from 12 to 89 years. All studies included
both sexes, and in studies with specific data presentation (n = 10) [27,28,30–32,43–45,47,50],
the male-to-female sample size ratio was evenly split.

3.3. Greenspace Indicators

Table 3 summarizes the characteristics of the greenspace indicators used in the 2 ex-
perimental and 14 observational studies, based on whether single or multiple greenspace
indicators were used, the measurement methods for greenspace indicators, the sources of
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greenspace data, and the spatial resolution and buffer size. A higher percentage of studies
(63%) [29,30,32,43,45,47–51] used a single greenspace indicator.

Table 3. Summary of greenspace indicators.

Criterion Number of Studies (%) Study Reference Numbers *

Greenspace indicator
Used a single indicator 10 (63%) [1–4,7,12–16]

Used multiple indicators 6 (37%) [5,6,8–11]
Measurement methods

NDVI 1 9 [1–3,6,8,10,12–14]
Amount of greenspace/land coverage 4 [4,8,9,11]

Amount of tree canopy/forest coverage 2 [5,7]
Three-dimensional greenspace 1 [11]

Park access 1 [5]
EVI 2 1 [6]

MSAVI2 3 1 [8]
Perceived greenspace 1 [8]

Forest bathing 2 [15,16]
Data source for greenspace

Multispectral CIR 4 1 [1]
Landsat 5 or ETM 5 or OLI 6 3 [2,8,10]

MODIS 7 4 [3,6,12,14]
Land cover/Greenspace database 4 [4,8,9,11]

CGIS 8 1 [5]
Other 9 3 [7,8,13]

Spatial resolution and buffer
500 m buffer 1 [1]

Multiple buffers (from 100 m to 5000 m) 5 [2,3,8,10,12]
Postal code coordinates 1 [4]

Census block group level 2 [5,8]
1000 m buffer around each local community or village 1 [6]

Provincial level 2 [7,11]
Geocoded residential addresses 1 [9]

MU 10 level 2 [13,14]
1 NDVI: normalized difference vegetation index; 2 EVI: enhanced vegetation index; 3 MSAVI2: modified soil-
adjusted vegetation index 2; 4 CIR: color infrared imagery; 5 ETM: enhanced thematic mapper; 6 OLI: operational
land imager; 7 MODIS: moderate-resolution imaging spectroradiometer; 8 CGIS: Center for Geographic Infor-
mation Systems; 9 Other (including): GUS database, census data, remote sensing image; 10 MU: municipal unit.
* Reference numbers refer to specific studies noted in the first column of Table 1.

For the experimental studies, the type of greenspace involved was forest, specifically
using the forest bathing intervention for the experiments, and the control group relied
on urban and indoor spaces as control environments. Jia et al. conducted a controlled
experiment in Hangzhou by randomly dividing 20 people into two groups, both of which
had the same experimental items, starting with blood collection after waking up in the
morning, breakfast, walking, hotel leisure time, hotel lunch, and rest time; afternoon
walking, afternoon hotel leisure time, hotel dinner, evening hotel leisure time, and sleep [50].
The only difference was the location of the walks, forests, and cities. Another experimental
study by Janik et al. was conducted in Mecklenburg-Vorpommern, Germany, in 2017.
A rehabilitation forest (HF) has been established for patients with specific medication
requirements. All patients underwent a standard inpatient pulmonary rehabilitation
program for 21 days. The intervention group received five ‘expert-guided 60-min HF
exercise and relaxation modules’, and the control group received five ‘expert-guided indoor
activities’. The number of sessions in both studies was one, and the duration of exposure to
the forest area was 4 and 21 days, respectively [51].

Observational studies have generally included residential greenspaces, community
greenspaces, private residential garden greenspaces, and large-scale public greenspaces.
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The literature included in this review has different signs of greenspace measurement
methods for different greenspace types, which can be broadly divided into the following
three categories:

3.3.1. Overall Greenness or Vegetation—NDVI

Many indicators defined greenspace exposure, the most common being NDVI
(n = 9) [28,30–32,43,44,47–49]. The NDVI is a measure of greenness at the regional level
using GIS and is based on calculations from satellite imagery [52]. It is commonly used
to assess vegetation growth status, monitor drought conditions, monitor crops, and con-
duct land use studies, and has been proven useful in epidemiological research. NDVI
takes values between −1 and 1, with values close to −1 indicating that the land cover is
predominantly water or wetlands, close to 0 indicating that the land surface is essentially
devoid of vegetative cover, and close to 1 indicating dense vegetative cover, such as in
temperate and tropical rainforest areas [53]. Greenness measured by the NDVI refers to
all vegetation, including structured spaces within parks, community greenspaces, and
unstructured spaces such as forests.

3.3.2. Canopy Cover, Greenspace Cover (Percentage of Greenspace) and Land Cover

Six research articles defined greenness as the amount of greenspace/land
coverage [27,29,46] or canopy coverage [33,45]. Canopy cover is the area of public and
private land covered by a canopy of trees, and it can be measured using various meth-
ods [54], among which remote sensing techniques such as aerial photography, satellite
imagery, and drone imagery are commonly used. Greenspace and land cover reflect the
proportion of land covered by some vegetation, but the definitions of vegetation types
vary between studies. Roscoe et al., in a research paper on the association of greenspace
exposure with COPD mortality in England, used Ordnance Survey (OS) Master Map™
(Landmark Information Group Ltd., Exeter, UK) greenspace data to assess greenspace ex-
posure around participants’ geocoded residential addresses at baseline and to differentiate
between total greenspace cover, private residential garden cover, and greenspace cover
outside of private gardens (e.g., parks, sports pitches, etc.) [27]. Zhao et al. examined the
impact of greenspaces on mitigating COPD mortality, used greenspace measurements for
Chinese provincial administrative districts (https://www.mohurd.gov.cn/) to estimate ur-
ban greenspace exposure, and assessed urban greenspace coverage based on urban remote
sensing surveys and testing standards [46]. The authors also used the planar projected area
to calculate greenspace coverage and the vertical projected area of vegetation to calculate
the three-dimensional greenspace [46].

3.3.3. Other Greenness Measures

In addition, this review includes several papers that incorporate other measures of
greenspace exposure, including (1) Park access [33]. (2) The Enhanced Vegetation Index
(EVI) reflects more detailed surface vegetation characteristics of densely vegetated areas [44].
(3) Modified Soil-Adjusted Vegetation Index 2 (MSAVI2) [28]. (4) Subjective perceptions of
community greening based on the percentage of households in each Belgian census area
reporting a good supply of greenspace in their neighborhood in the 2001 census, with the
question (‘What do you think of neighborhood facilities? The greenspace’) and rated on a
three-point Likert scale (‘poor facilities’, ‘fair facilities’, or ‘very good facilities’) [28].

3.4. Associations between Greenspace Exposure and COPD Outcomes

Table 4 summarizes the relevance of the impact of greenspace exposure on each COPD
outcome. As some studies investigated multiple outcomes, aggregated outcomes were
higher than the number of scientific articles included. The outcome indicators for all
the studies were divided into four categories: prevalence (n = 4) [30,32,33,43], incidence
or disease exacerbation (n = 3) [29,45,47], mortality (n = 6) [27,28,31,46,48,49], and lung
function indicators in COPD (n = 4) [43,44,50,51]. Three studies assessed the correlation

https://www.mohurd.gov.cn/
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between greenspace exposure and COPD prevalence using the odds ratio (OR) of the
NDVI per quartile increment to the odds of COPD [30,32,43]. Another study examined
the influence of different forms of greenspace exposure, including tree canopy cover and
other spatial types, on prevalence through Pearson’s correlation coefficients [33]. One cross-
sectional study, one cohort study, and one case-control study were conducted to determine
the incidence and exacerbation of the disease. This cross-sectional study examined the
correlation between a 10% increase in greenspace area within 1 km and the OR for COPD
prevalence [29]. A case-control study from Poland assessed the impact of greenspaces
on COPD exacerbation in middle-aged and elderly individuals using the OR of forest
cover inpatient residential areas and the likelihood of COPD exacerbation [45]. A cohort
study utilized hazard ratios (HR) of the incremental quartile increase in NDVI within a
500 m buffer zone to evaluate the association between residential greenery and COPD
incidence [47]. Four studies investigated the direct association between greenspaces and
COPD mortality, and two included mediating variables related to air pollution. Sun et al.
investigated the short-term association between residential greening and COPD mortality
due to air pollution [31]. Zhao et al. investigated the association between greenspace
and COPD mortality due to Particulate Matter 2.5 (PM2.5) [46]. As COPD affects the
airways and structures, lung function indicators are crucial markers of respiratory health.
Obstructive abnormalities can be assessed using parameters such as Forced Expiratory
Volume in 1 s (FEV1) and Forced Vital Capacity (FVC). The four studies used different
markers for the relevant pulmonary function parameters, with FVC and FEV1 included
twice and commonly used as typical indicators.

Table 4. Summary of associations between greenspace exposure and COPD outcomes.

COPD 1 Outcomes Impact Correlation Number of Studies (%) Study Reference Numbers *

COPD prevalence (−) 2 2 (13%) [1,3]
(+) 3 2 (13%) [2,5]

COPD incidence and exacerbations
(−) 2 (13%) [4,12]

(NS) 4 1 (6%) [7]

COPD mortality
(−) 4 (25%) [8,9,11,14]

(NS) 1 (6%) [10]
(±) 5 1 (6%) [13]

Indicators of lung function with COPD (−) 4 [3,6,15,16]
1 COPD: chronic obstructive pulmonary disease; 2 (−): negative relationship; 3 (+): positive relationship; 4 (NS):
no significant relationship; 5 (±): positive and negative relationships coexist. * Reference numbers refer to specific
studies noted in the first column of Table 1.

3.4.1. COPD Prevalence

Four original studies included in this review focused on the prevalence of COPD.
All these were cross-sectional studies. The results presented in existing research reveal
inconsistent effects of green spaces on the prevalence of COPD. Sarkar et al. [30] found
that residential greening was associated with an 11.4% reduction in COPD prevalence per
quartile of the reported increase in NDVI greening. This finding was similarly confirmed
in a study by Xiao et al. [43], where NDVI within a 500 m buffer of residential greenery
was associated with a 10% reduction in COPD prevalence. Still, the study also noted
that this association was only significant in young and middle-aged adults, females, and
nonsmokers. In the remaining two COPD prevalence-related articles, Fan et al. [32] found
that community greening may be a risk factor for COPD. Similar conclusions were reached
by Servadio et al. [33] who found that greater canopy cover and accessibility to greenspaces
were associated with a higher COPD prevalence.
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3.4.2. COPD Incidence and Exacerbations

The evaluation of the results of the three studies on the impact of greenspaces on
COPD differed; two studies demonstrated the positive benefits of greenspaces. Yu et al. [47]
researched individuals aged 38–70 in 22 cities in the UK and found that long-term expo-
sure to residential greenness was associated with a decrease in the incidence of COPD.
J. Maas et al. [29] reported similar findings, showing that people had a lower annual in-
cidence of COPD in living environments with a higher proportion of greenspace within
a 1 km radius. The results of the remaining study [45], which explored the worsening of
COPD, did not reveal any statistically significant effects.

3.4.3. COPD Mortality

Among the six cohort studies focused on COPD mortality, four found a protective
association between greenspaces and mortality rates, one found no association, and one
found a mixed association. In studies with negative correlations, Bauwelinck et al. [28]
found a statistically significant negative correlation between COPD mortality rates and
indicators of residential greenness. The strongest correlation was observed between COPD
mortality rates and subjectively perceived greenness in residential neighborhoods com-
pared to surrounding residential greenness/landscapes. Roscoe et al. [27] found a partic-
ularly strong negative correlation between the total greenspace area, private residential
garden area, and COPD mortality. Zhao et al. [46] found that increased exposure to
greenspace was associated with reduced COPD mortality due to PM2.5 when PM2.5 was
used as a mediator. In a study of greenspaces and COPD mortality in Chongqing, China,
Gou et al. [48] found a negative correlation, but only in the northeastern and northwestern
regions. In contrast, a positive correlation was found in the remaining 63% of the cities.
However, Sun et al. [31] showed no correlation between greenspaces and COPD-related
deaths caused by air pollution.

3.4.4. Indicators of Lung Function with COPD

In this review, four studies focused on greenspace exposure and the above lung func-
tion indicators: two cross-sectional studies [43,44], and two experimental studies [50,51].
Lung function indices included four major categories: indicators of obstructive ventilatory
dysfunction (FEV1, FVC, and FEV1/FVC) [55,56], large airway dysfunction (PEF) [43,57],
small airway dysfunction (FEF25%–75% and FEV3/FEV6) [43,55,58], and other indicators.
FEV1, FVC, and FEV1/FVC ratio are the main indices for diagnosing COPD, and their
reduction may reflect obstructive ventilation dysfunction. Zhang et al. [44] found that an
increase in each quartile of NDVI was associated with improved lung function in people
under 60 years of age, females, urban populations, nonsmokers, areas with moderate PM2.5,
and individuals with a BMI of less than 28 kg/m2, i.e., greenspaces had a positive effect on
COPD. Two experimental studies have discussed the effects of forest bathing on the health
of patients with COPD. Jia et al. [50] conducted an intervention study on 20 elderly patients
with COPD who had not experienced acute exacerbations for at least six weeks. They com-
pared indicators such as perforin and granzyme B expression, pro-inflammatory cytokine
and stress hormone levels, and Profile of Mood States (POMS) negative subscale scores
before and after forest bathing. The results showed a decrease in these indicators, indicating
that forest bathing has a beneficial effect on reducing inflammation and stress levels in
elderly patients with COPD. Janik et al. [51] conducted a study measuring FEV1 before and
after forest bathing in patients with COPD and concluded that forest bathing positively
impacts COPD.

3.5. Quality Assessment and Risk of Bias

Fourteen observational studies were evaluated using a previously described quality
assessment scale. Overall, the methodological quality of the observational studies was
relatively high, with most studies (n = 10, 71%) scoring ≥ 15. Eight studies were of moderate
quality [28,31–33,43,45–47], and two were of high quality [27,44]. Four studies scored less
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than 15 [29,30,50,51], and the lower scores were because they used only one green space
exposure indicator in their studies. The accessibility, quality, and utilization of green spaces
are not assessed or quantified. For example, J. Maas et al. [29] used the percentage of green
areas as evaluation data for green spaces. In contrast, Sarkar et al. [30], Gou et al. [48], and
Kasdagli et al. [49] only used NDVI to measure green exposure. Most studies with moderate
scores have used relatively single-dimensional indicators regarding greenspace. Using only
one greenspace indicator cannot fully represent the multidimensional impact of greenspaces
on human health, which deepens the limitations of this study. Therefore, considering
various aspects of greenspace quality and usage, or adopting multiple indicators to measure
greenspace exposure will result in higher assessment scores. One cross-sectional study
and one cohort study both scored 18. Zhang et al. [44] and Roscoe et al. [27] conducted a
comprehensive assessment of greenspaces by measuring and evaluating various aspects
such as type, quality, and use of greenspaces.

The Cochrane Risk of Bias 2.0 was used to evaluate the two experimental studies.
Neither of the studies provided specific descriptions of the randomization methods. One
study only stated that it was randomized [50], whereas it was unclear whether the other
study was randomized, raising the suspicion that it was a non-randomized controlled
experiment [51]. Neither of the studies also provided information on whether allocation
concealment was implemented. However, in both studies, no significant baseline differ-
ences were found between the intervention groups, so despite the lack of clarity about the
randomization methods and the distribution of hidden information, the study by Jia et al.
received a rating of ‘some concern’ in the ‘Randomization process’ item [50], while the
other study [51] was rated as ‘high.’ For the item ‘Selection of the reported result,’ neither
of the studies mentioned whether the data aligned with the pre-specified study plans of
the analysts. However, both studies provided detailed descriptions of the experimental
analysis methods and reported multiple outcomes. Therefore, both studies were rated as
having ‘some concerns.’ Considering the risk of bias assessment, the first study had an
overall risk of bias rated as ‘some concern’ [50]. In contrast, the second study had an overall
risk of bias rated as ‘high risk’ [51].

4. Discussion

To our knowledge, this is the first systematic review to assess the possible association
between multiple greenspace exposure indicators and COPD. The aim of our study was
to summarize the published evidence on the associations between multiple greenspace
exposure metrics and COPD outcomes, as well as the causal pathways that may shape these
associations. We identified 11 studies out of 16 that showed a protective effect of green space
exposure on COPD, and the green space metrics involved included NDVI, greenspace/land
cover, three-dimensional greenspace, park access, EVI, MSAVI2, perceived green space,
and forest bathing [27–30,43,44,46,47,49–51]. In this review, we found that having more
opportunities for green exposure or greater exposure to green spaces was associated with
a decreased risk of COPD incidence, prevalence, exacerbation, and mortality, despite the
heterogeneity of the included study results. This review included a wide range of study
types and comprehensively evaluated the impact of multiple greenspace types on COPD.
Based on a pooled analysis of the included studies, several weak aspects of the available
empirical evidence are revealed, and possible reasons for the heterogeneity of results
are explained.

4.1. Assessment of Greenness

While analyzing the included articles, we found significant differences among the
studies’ features, including the definition and measurement of green exposure, data sources,
spatial resolution, and buffer zones.

Of the 14 observational studies, nine utilized NDVI and EVI as metrics for green
exposure. First, regarding current global availability and applicability, NDVI measurement
has higher usage and represents greenness to a certain extent. A previous meta-analysis
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study used NDVI as a definition of green space exposure to analyze its relationship with
chronic respiratory health [36]. However, the NDVI estimates are a general measure of
the surrounding vegetation and do not reflect the quality or type of vegetation. It does
not accurately represent participants’ actual exposure to greenness, their perception and
use of greenspaces, or the quality and type of green structures. Different vegetation types
or structures can also impact respiratory health, but neither NDVI nor EVI can accurately
reflect this [59,60]. Second, the buffers used to measure residential greening varied across
studies, with studies examining NDVI using a variety of spatial buffer ranges (from 100 to
5000 m) to explore NDVI correlations and assess the degree of greening at administrative
boundaries (e.g., at the county level, at the level of census blocks). However, sensitivity
analyses and comparisons of the study results showed that these variations in spatial reso-
lution and buffer zone size did not significantly affect the associations. Generally, studies
measure greenness in areas surrounding participants’ residential addresses, and most use
geocoded addresses or spatial units at the individual level for greenness assessments. Third,
the nine studies that used NDVI to measure greenness differed in their scaling methods for
estimating residential greenness. Most studies provided estimates of the increase based
on the interquartile range of the data. However, one study used a pixel-wise dichotomous
model to retrieve vegetation cover from NDVI data and categorized it based on minimum,
median, and maximum values [48]. Fourth, seasonal variation in greenspaces is an impor-
tant factor to consider. The morphology of greenspaces varies greatly across countries and
regions, and the magnitude of change differs across areas. Of the nine studies that used
NDVI, four calculated the average NDVI for the entire year [31,43,44,48], and one used
NDVI for the five years before the survey, with images of cloud-free days in January, April,
June, and October selected for each year to represent the four seasons. Calculating the
monthly or annual averages prevented potential temporal mismatches and the influence
of seasonal greenness changes [32]. The remaining four studies calculated the greenness
index for each region or cohort based on cloud-free images during the summer [28,30,47,49].
Greenness may vary significantly between seasons, depending on the climate and vege-
tation distribution. To address this issue, researchers can consider using multiple images,
either averaged or repeated measurements, and adjusting the time of day or season of
the measurement.

A limited number of studies have utilized land cover/land use databases to assess
greenness, for example, the percentage of greenspace [29], forest cover [45], and greenspace
cover [27,46]. Other studies have assessed multiple green indicators, such as tree canopy
coverage and park access [33], objective green indicators, and subjectively perceived neigh-
borhood greenness [28].

It is worth noting that these indicators cannot represent all the dimensions of greening,
and factors such as low spatial resolution, buffer size, and different types of green space
may affect assessment accuracy [61]. Additionally, among the 16 studies included, only
2 incorporated greenspace quality and used it in their research design. In their study,
Coppel et al. [62] pointed out that how urban residents use and access greenspaces can
impact their physical health. Although the ‘quality’ of greenspaces can be subjective,
several studies have assessed the different characteristics associated with the ‘quality’ of
greenspaces, including accessibility, maintenance, variability, landscape color, presence
of pet areas, and safety. Other factors, such as accessibility to walking paths and lighting
conditions, are also associated with greenspace quality [63,64]. Therefore, future research
needs to consider more detailed information, such as the type of greenspace used, acces-
sibility, and quality of local greenspaces, to better understand the relationship between
greenspaces and respiratory diseases.

4.2. Possible Causes of Heterogeneity in Greenspace Exposure Impact Outcomes

We found that most studies concluded that greenspace exposure positively affected
COPD outcomes. Still, some studies had the opposite conclusion or found no evidence
to support a correlation between greenspace and COPD outcomes. Our findings suggest
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that the lack of a standardized method for defining COPD outcomes may have contributed
to the heterogeneity of the study results. The six studies on COPD mortality were all
cohort studies, and mortality data were obtained from census data or death detection data
provided by regional CDCs. The results obtained for the correlation between greenspace
exposure and COPD mortality were relatively uniform (4 positive effects [27,28,46,49], 1 no
effect [31], and 1 mixed correlation [48]). However, of the 10 studies (8 observational, 2 ex-
perimental) addressing COPD incidence, prevalence, disease exacerbations, and measures
of lung function indices, 6 studies used spirometry to determine the prevalence of COPD in
experimental participants [30,32,43,44,47,49]. Eligible participants inhaled a bronchodilator
(salbutamol 400 µg) for 15–20 min before being administered a bronchodilator by trained
Staff performed post-bronchodilator spirometry using a spirometer according to the stan-
dardized protocol recommended by the American Thoracic Society, and relevant lung
function indices were obtained [2,65]. COPD is defined as a post-bronchodilator FEV1 to
FVC ratio of less than 0.7, according to the Global Initiative for Chronic Obstructive Lung
Disease definition criteria [2]. The study by Sarkar et al. [30] did not mention conducting
the spirometry trial mentioned above but required available spirometry data to include
participants. Two experimental studies used relevant lung function indices to determine
the experimental effects of forest bathing. It has also been suggested that bronchodilator
reversibility trials are not completely reliable, as the results may be affected by the trial
date, the severity of baseline lung function impairment before the trial, and the number of
medications used in the trial [66]. The remaining four observational studies used electronic
medical records, disease database searches, and census data to determine the participants’
COPD outcomes. The diagnostic data’s quality, coverage, and completeness may vary de-
pending on the data source. Therefore, different methods of determining COPD outcomes
may have impacted the study results.

Our findings also indicate that regional differences may contribute to the heterogene-
ity of the results. The 16 studies included in our analysis were conducted in 8 different
countries, and significant variations in the association between greenspaces and COPD
outcomes were observed across different regions. Even within the same city, mixed correla-
tions were observed in different areas. For example, in a study by Gou et al. [48] examining
the spatial relationship between greenspaces and COPD mortality in Chongqing, China,
they found that vegetation coverage had a positive impact on COPD mortality in 63%
of townships but a negative impact in 37.0% of townships. One explanation based on
geographic regional differences may be that the composition of vegetation and the quality
of the environment are not consistent over a wide geographic range. The dominant vegeta-
tion types vary from region to region, and differences in vegetation diversity and green
space structure can also have different effects on respiratory health [67]. Some studies have
suggested that areas with superior natural environments and well-developed greenspaces
can act as natural barriers, optimize air quality, mitigate air pollution, provide favorable
environments, and reduce the risk of respiratory diseases [68,69]. However, high levels of
greenspace exposure do not always have positive effects, may even lead to environmental
burdens in some areas [70,71]. For example, it has been found that Pinus pollen, a major
pollen type in Southern China, may have adverse effects on human lung function [71,72].
Areas with larger tree canopies can lead to an increased risk of respiratory disease in pop-
ulations exposed to more allergens, particulate matter, or ozone [73]. Most of the studies
included in this review used measurements such as NDVI and EVI, which cannot directly
reflect the diversity of vegetation types and greenspace structures, and we were not able
to perform more in-depth categorical descriptions and analyses. Therefore, we hope that
researchers from more countries or regions can provide more detailed research data on
green space composition and vegetation types in the future in order to attempt to seek
more comprehensive evidence.

In this study, socioeconomic status was considered a major potential source of hetero-
geneity. Roscoe et al. [27] observed that the beneficial impact of greenspaces on respiratory
disease mortality was stronger for participants living in poverty-stricken areas with rel-
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atively low incomes. J. Maas et al. [29] found similar results in their study, showing that
for low-income groups, particularly those with lower educational attainment, increased
exposure to greenspaces was associated with a lower prevalence of COPD than higher
education groups (OR 0.98; 95% CI 0.96 to 1.00). This may be because poorer people
have less access to green spaces due to their work or living conditions [74], and there-
fore, the benefits of increased green space exposure may be more pronounced in such
circumstances [75,76]. Conversely, more studies have reported different results. One study
suggests that economically well-off individuals generally have higher survival rates and
better health outcomes compared to less affluent populations [28]. Among the patients
with COPD, those with higher incomes are less likely to experience exacerbations of COPD
compared to lower-income patients (OR 0.601; 95% CI 0.385 to 0.939) [45]. The variability
can be explained by a variety of mechanisms. For example, lower socioeconomic pop-
ulations often exhibit poorer health-related behaviors, such as unhealthy dietary habits,
excessive alcohol and tobacco consumption, and low levels of physical activity, or a lack of
social resources, including housing conditions, work environments, healthcare access, and
educational opportunities [28,77]. Xiao et al. [43] suggest that groups with higher levels of
education or economic status may have stronger subjective awareness of and conditions
for accessing greenspaces for better health benefits. Interactions between socioeconomic
status, and other demographic characteristics may contribute to inconsistencies in health
outcomes through multiple pathways. Therefore, the complex interplay of these potential
pathways in specific regional settings should be further elucidated in the future, and more
research is needed to explore potential correlates that may modify the relationship between
greenspace and COPD outcomes.

4.3. Impact Pathways

The mechanisms by which greenspace affects COPD outcomes have not been clearly
demonstrated; however, we have summarized several hypotheses from our research to
explain the pathways by which greenspace exposure affects respiratory health (Figure 2).
First, some studies have reported a protective effect of greenspace exposure on COPD,
suggesting that green spaces can absorb or deposit air pollutants (including atmospheric
particulate matter and ozone) in urban environments [78,79], thereby providing ventilation
corridors and reducing exposure to air pollution [5]. This can lead to a lower incidence of
respiratory diseases. Second, the incidence of COPD may be related to systemic inflamma-
tion, particularly in the lungs. Exposure to green spaces can effectively reduce the level
of oxidative stress in the human body [80], regulate the immune system, and reduce the
risk of systemic inflammation, thereby reducing the incidence of COPD [81]. Furthermore,
greenspaces (e.g., lawns and parks) can provide more opportunities for increased physical
activity, improving lung function, and boosting the immune system [24,82,83]. Finally,
greening may increase microbial diversity and exposure to beneficial environmental mi-
crobes. According to the biodiversity hypothesis, living in a biodiverse environment can
improve the immune system by modulating species composition in the human microbiome,
boosting the body’s resistance to pathogens, and reducing the incidence and prevalence of
respiratory diseases [84,85]. Conversely, there is evidence for a positive correlation between
greenspace exposure and COPD outcomes. Firstly, previous research has shown that plants
continuously release a wide range of volatile organic compounds (VOCs) that impact the
human body [86]. These compounds can easily be converted into gases to participate in
metabolic processes. Vegetation types and the plant composition of green spaces vary
across the globe, resulting in different types and amounts of VOCs. Some plant VOCs
decrease lung function and increase the risk of COPD [87,88]. Second, higher greenspace
exposure increased the pollen concentration. Although COPD is considered a non-allergic
respiratory disease, excessive exposure to pollen can damage the respiratory system and
increase its incidence [89] and mortality rates [90].



Forests 2024, 15, 634 17 of 22
Forests 2024, 15, 634 16 of 21 
 

 

 

Figure 2. Impact pathways of greenspace exposure and COPD. 

4.4. Strengths and Limitations 

We systematically reviewed comprehensive and up-to-date evidence on the association 

between greenfield exposure and COPD outcomes. An important strength of this review is 

that we statistically and categorically categorized the various metrics assessed in green-

spaces to explore their relationships with COPD outcomes. In addition, this review covers a 

wide range of study types, examining not only observational studies but also existing ex-

perimental studies related to green exposure. This study may provide additional ideas and 

avenues for establishing future interventions that use greenspaces to improve COPD out-

comes. However, this study has some limitations. The included studies used different meth-

ods to assess, measure, and define greenspace exposure and had different pathways for de-

termining COPD outcomes; therefore, we could not quantitatively combine the estimates 

through meta-analysis. Instead, we have provided detailed information on each study, 

providing valuable knowledge on the effect of greenfield exposure on COPD, which will 

contribute to the discussion on the risk of bias in future studies. Secondly, the quality criteria 

used to assess each study, although adapted based on existing/published tools, were in-

novated in the greenfield exposure metrics section, the criteria of which have not yet been 

validated. However, it also provides a method to systematically assess the methodological 

strengths of the study design, samples, measurements, and statistical analyses. 

4.5. Recommendations for Future Research 

Considering that the exact mechanisms linking greenspace exposure to COPD out-

comes are unclear and that previous studies have taken multiple biopsychosocial perspec-

tives to explore the potential pathways through which exposure to greenspace can affect 

COPD, future high-quality studies should further adopt analytical models such as media-

tion or moderation, build on existing studies to screen for possible multidimensional medi-

ators or modifiers, and further analyze the specific mechanisms of action. Second, we found 

only two experimental studies that met the inclusion criteria using fewer measures and a 

valid number of articles, which can lead to limitations in the derived causal pathways. 

Therefore, further experimental studies are required. Additionally, we found that most studies 

were conducted in Asia, Europe, and North America, with very limited evidence from 

other regions, especially Africa and South America. This may lead to a lack of in-depth 

Figure 2. Impact pathways of greenspace exposure and COPD.

4.4. Strengths and Limitations

We systematically reviewed comprehensive and up-to-date evidence on the associ-
ation between greenfield exposure and COPD outcomes. An important strength of this
review is that we statistically and categorically categorized the various metrics assessed in
greenspaces to explore their relationships with COPD outcomes. In addition, this review
covers a wide range of study types, examining not only observational studies but also
existing experimental studies related to green exposure. This study may provide additional
ideas and avenues for establishing future interventions that use greenspaces to improve
COPD outcomes. However, this study has some limitations. The included studies used
different methods to assess, measure, and define greenspace exposure and had different
pathways for determining COPD outcomes; therefore, we could not quantitatively combine
the estimates through meta-analysis. Instead, we have provided detailed information on
each study, providing valuable knowledge on the effect of greenfield exposure on COPD,
which will contribute to the discussion on the risk of bias in future studies. Secondly, the
quality criteria used to assess each study, although adapted based on existing/published
tools, were innovated in the greenfield exposure metrics section, the criteria of which
have not yet been validated. However, it also provides a method to systematically assess the
methodological strengths of the study design, samples, measurements, and statistical analyses.

4.5. Recommendations for Future Research

Considering that the exact mechanisms linking greenspace exposure to COPD out-
comes are unclear and that previous studies have taken multiple biopsychosocial per-
spectives to explore the potential pathways through which exposure to greenspace can
affect COPD, future high-quality studies should further adopt analytical models such as
mediation or moderation, build on existing studies to screen for possible multidimensional
mediators or modifiers, and further analyze the specific mechanisms of action. Second, we
found only two experimental studies that met the inclusion criteria using fewer measures
and a valid number of articles, which can lead to limitations in the derived causal pathways.
Therefore, further experimental studies are required. Additionally, we found that most
studies were conducted in Asia, Europe, and North America, with very limited evidence
from other regions, especially Africa and South America. This may lead to a lack of in-depth
understanding of issues and challenges related to developing countries and hinder the
development and improvement of these countries in the face of adversity. Future research
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should focus on a broader scope and scale of investigation. Finally, future research could
attempt to use internationally harmonized standards for measuring COPD and defining
outcomes, making the evidence more comparable.

5. Conclusions

We summarized the research on greenspace exposure and its potential pathways affect-
ing COPD outcomes. The review included 16 identified studies that varied in greenspace
exposure indicators, COPD outcomes, and research methods. Overall, our review indicates
that greenery may positively impact COPD-related health outcomes, although some studies
have yielded different results. The potential pathways discussed are consistent but not con-
clusive. Potential protective mechanisms may be associated with the ability of greenspaces
to reduce air pollution, increase physical activity, reduce oxidative stress, and improve
immune functions. Potentially hazardous mechanisms may be linked to excessive exposure
to allergens (such as pollen) and the detrimental effects of volatile organic compounds
emitted by plants on human health. The heterogeneity of research findings emphasizes
the potential importance of measuring greenspace exposure indicators and considering
other environmental factors. Future studies should consider multiple relevant factors and
pathways to better understand the characteristics, mechanisms, and potential mediators
associated with the impact of greenspace exposure on COPD outcomes.
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