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Abstract

Purpose of Review Urbanization and urbanization-related detrimental exposures are commonly indicated as responsible deter-
minants for the dramatic increase in allergy and asthma, and one of the main urbanization factors that have been recently
associated with the development of allergic sensitization is the reduced access to natural and biodiverse spaces. The present
review aimed to compile and discuss the recent findings from studies focused on neighbourhood greenspace effect on asthma and
allergic disease development in children.

Recent Findings Green areas neighbouring children residences play a role on the prevalence of allergy and asthma. However,
whether greenness is a protective factor, or an exacerbation driver, is yet to be elucidated. This may be due to the confounding
factors associated with greenspace exposure, such as vegetation biodiversity, environmental microbiome, human behaviour, or
the region itself.

Summary It is not possible to concretely discern the importance of early life exposure to green areas on asthma and allergy
development. More studies on determinant factors associated with green areas, such as biodiversity or environmental

microbiome, may help to elucidate these associations.
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Introduction

The Burden of Allergy and Asthma in Industrialized
Countries

The high prevalence of asthma and allergic diseases in indus-
trialized countries remains one of the most debatable concerns
for the World Health Organization when it comes to non-
communicable diseases [1, 2]. In Europe, more than 150 mil-
lion individuals suffer from allergic diseases and estimates
suggest that, by 2025, half of the European population will
be affected [3,4]. These diseases are characterized by a
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hypersensitive and abnormal response to common allergens,
possibly resulting in a cascade of symptoms, from simple
rhinorrhoea or wheezing, to anaphylaxis or bronchial hyper-
reactivity [5]. These symptoms may be caused by several al-
lergic diseases, ranging from atopic dermatitis (eczema) to the
highly prevalent allergic rhinitis, which affects roughly half of
the adolescents [4]. Allergic asthma is closely associated with
these allergic conditions as it usually develops in allergen-
sensitized individuals during childhood, affecting between 5
and 15% of the children in European countries and being the
first cause of hospitalizations for chronic diseases and absen-
teeism in children [2, 6].

Urbanization and urbanization-related detrimental expo-
sures are commonly indicated as responsible determinants
for such dramatic increase in allergy and asthma [7], and one
of the main urbanization factors that have been recently asso-
ciated with the development of allergic sensitization is the
reduced access to natural and biodiverse spaces. An emerging
theory—the ‘biodiversity hypothesis’—states that reduced
contact with natural environments and biodiversity in the first
years of life may disrupt the development of immune function,
causing susceptibility to allergens and abnormal immune
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responses to common epitopes later in life [8, 9]. On the other
hand, the theory defends that early contact with multiple mi-
crobiological agents appears to contribute to a preventive
immunomodulation, inducing tolerance to allergens through
both adaptive and innate immune mechanisms [10].
Therefore, the reduced access o green areas in urban environ-
ments may be impairing immunomodulation in young chil-
dren, consequently resulting in a higher prevalence of allergy
and asthma [11].

The Nature Effect on Allergy and Asthma

It is important to refer that the contact with nature may have
dual, and opposing, effects on allergic diseases and asthma,
both beneficial and detrimental. Beneficial, as it conveys
greater exposure to number and diversity of microbial agents
[9] and improves air quality [12, 13]; detrimental, as it may
cause exacerbation of symptoms in sensitized individuals
[14]. Exploring the co-effects (simultaneously negative/
positive effects) of urban environmental exposures is crucial
to guide planners and policymakers in the definition of urban
planning actions [15]. Due to those dual and opposing effects,
evidence on the topic is mixed and inconsistent. Therefore,
there is an undeniable need to better understand all the avail-
able information on the subject. For that reason, the present
review aimed to compile and discuss the recent findings from
studies focused on neighbourhood greenspace effect on asth-
ma and allergic disease development in children.

Search Methodology

A PRISMA oriented systematic search [16] was performed
until 8 July 2019 in PubMed database. The search was con-
ducted for manuscripts published in the past 5 years and ac-
cording to the following search query: ‘(neighbourhood|Title/
Abstract] OR neighborhood[Title/Abstract] OR
residential[ Title/Abstract]) AND (childhood[Title/Abstract]
OR children[Title/Abstract] OR infants[Title/Abstract] OR
pediatric[Title/Abstract] OR paediatric[Title/Abstract]) AND
(allergy[Title/Abstract] OR allergic[Title/Abstract] OR
atopy|[Title/Abstract] OR asthma[Title/Abstract])’. Published
peer-reviewed full-text articles in English, focused on
neighbourhood greenspace effect on asthma and allergic dis-
ease development in children, were assessed for eligibility.
The inclusion criterion consisted on having studied associa-
tions between a quantifiable greenspace surrogate and the de-
velopment of asthma and/or allergic diseases. Review studies,
protocol articles, or conference abstracts without respective
full-text publications were excluded from the present review.
Two reviewers (JCR and AIR) independently applied the in-
clusion and exclusion criteria and any differences were re-
solved by consensus.
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Conclusions
Search Results and General Observations

A total of 169 studies were found using the described search
methodology. Through screening, 73 articles were removed
for not meeting the search scope. From those, 15 studies met
the inclusion criteria. Finally, two of the 15 studies were ex-
cluded for not being original studies, and one other for not
comprising a paediatric population. The search therefore re-
sulted in 12 studies, summarized in Table 1, that were thor-
oughly reviewed by the authors [17-25, 26, 27, 28¢]. These
comprised scientific observations on the effect of greenness
exposure—in countries from Europe, North America, Asia
and Oceania—on childhood allergy and asthma prevalence.

As a general observation, and having in mind the results
provided by the reviewed studies, greenness exposure on asth-
ma and allergic disease is quite complex, varying significantly
between studies, regions, locations or participant status, which
supports the aforementioned dual and opposing effects of na-
ture on these diseases [9, 12—14]. Although there were indeed
some studies that found negative associations between
neighbouring greenness and the prevalence of allergic dis-
eases or asthma, there were also a similar number of studies
that found positive associations, or no associations at all
(Fig. 1). It is also important to note that the majority of the
studies were conducted using one or more birth cohorts, which
often generated a high sample size. Moreover, studies focused
on asthma prevalence failed to distinguish between the differ-
ent phenotypes of asthma involved. As the pathophysiological
mechanisms of asthma are significantly different between
phenotypes, these could have an impact on the results [29].
Nevertheless, the studies did distinguish associations between
asthma and allergy, and the results often revealed different
directions for the observed associations.

Green Environments and Allergic Diseases

Allergic reactions are caused by an abnormal immune re-
sponse to an otherwise harmless antigen. These allergens are
often found in nature, and green areas are one of the major
sources for these airborne agents in the urban environments
[30]. For instance, Dadvand and co-workers [17] observed, in
the Spanish city of Sabadell, that children who lived closer to
forests had a tendency for a higher prevalence of allergic
rhinoconjunctivitis (OR [95%CI] 1.27 [0.94, 1.70]).
However, this association was weaker in regard to the prox-
imity to parks (OR [95%CI] 1.10 [0.90, 1.35]). A logical
explanation for these results could be the difference of vege-
tation density between the two environments. In fact, results
from a study performed by Fuertes et al. showed that the
geographic region affects the influence that the green environ-
ment may have on allergic diseases [19]. This study included
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Table 1 Summary of the 12 studies included for revision

Ref. Year Study location Objective Participants Short conclusion
Dadvand et al. 2014 Sabadell, Spain To simultaneously investigate the A total of 3178 homes Residential proximity to forests was
[17] potential health benefits and risks from participants who positively associated with current
associated with exposure to answered a allergic rhinoconjunctivitis but not
different types of greenness in questionnaire were current asthma. Residential
children. geocoded. proximity to parks was positively

Andrusaityte 2016
etal. [18]

Fuertes et al. 2016
[19]

Chen et al. [20] 2017

Sbihi et al. [21] 2017

Tischer et al. 2017
[22]

Bukalasa et al. 2018
[23]

Cilluffo etal. 2018
[24]

Donovan etal. 2018
[25]

Kaunas city,
Lithuania

7 cohorts from
Australia,
Canada,
Germany, the
Netherlands,
and Sweden.

Chicago, USA

Metropolitan area
of Vancouver,
British
Columbia,
Canada

Asturias,
Gipuzkoa,
Sabadell and
Valencia, all in
Spain

Northern, middle
and western
parts of the
Netherlands

Palermo, Italy

New Zeland
(countrywide)

associated with current asthma and
weakly associated with allergic

rhinoconjunctivitis.

To evaluate the long-term impact of 1489 children (4-6 years  There are positive associations
quantified greenness levels in the old) whose mothers did ~ between surrounding greenness
urban environment on the risk of not change their quantity within the buffer of 100 m
asthma in 4—6-year-old children. residence address from from each child’s home and the

the pregnancy. prevalence of asthma among

children, and this association
persists after adjusting for
individual-level covariates and
exposures to air pollution.

To examine cross-sectional In total, 13,016 children Although residential greenness
associations between residential (from all cohorts) appears to be associated with
greenness and allergic rhinitis and participated in the childhood allergic rhinitis and
aeroallergen sensitization during study. aeroallergen sensitization, the
childhood and early adolescence. effect direction varies by location.

To understand if living in areas high in 150 children ages 9 to 17  Children with asthma appear to

greenspace may help buffer the with benefit the most when they both
effects of difficult family physician-diagnosed live in high greenspace areas and
relationships for children with asthma have positive family relationships.
asthma.

To identify trajectories of childhood A total of 68,195 singleton Three distinct trajectories of asthma
asthma and to characterize the births were eligible for were identified using group-based
potential impact of residential inclusion in the final trajectory modelling of the annual
greenness and air pollution on analytic cohort. prevalence of asthma in the
asthma trajectory subgroups. participants, followed from birth to

age 10. Greenness was not
associated with any of the asthma

trajectories.

To prospectively evaluate the 2472 children participants Several associations were found for
association between indicators of (outcomes measured at respiratory health, but these
urban green and grey built the age of 4) differed in direction across the
environments and respiratory and indices studied and by geographic
allergic health outcomes in young region.
children.

To study the association between 3963 participants (at age  There was no evidence found for an
residential exposure to pesticides of 14) who were bornin ~ association between living near
and asthma and related respiratory 1996 and 1997 agricultural fields likely treated
symptoms among adolescents with pesticides and the prevalence
within the Dutch PIAMA birth of asthma and related respiratory
cohort study. symptoms.

To simultaneously evaluate the 219 children (8-10 years A very low exposure to normalized
association between indicators of old) difference vegetation index
urban-related environmental (NDVI) had a higher odds of nasal
exposures, including those for symptoms.

“green”, “grey” and NO2
exposure, with respiratory/allergic
and general symptoms in
schoolchildren from the city of
Palermo, Italy.

To address the limitations and 49,956 participants Children who lived in greener areas,
inconsistencies of the available followed for 18 years as measured by the NDVI, were
literature by assessing the since birth less likely to be asthmatic.
association between asthma and the However, an increase in the area
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Table 1 (continued)

Ref.

Year Study location

Objective

Participants

Short conclusion

Miiller-Rompa 2018 Bavaria region,

et al. [26°] Germany
Gernes et al. 2019 Southwest Ohio
[27] and Northern
Kentucky, USA
Hsieh et al. 2019 Taiwan
(28]

natural environment in a large New
Zealand birth cohort followed for
18 years.

To determine differences in residential
exposures of farm children and
their classmates and to quantify the
protective effects of these
exposures on asthma and atopy.

To compare residential greenspace
based on two aerial measures of
greenspace in relation to childhood
allergic disease.

To examine the association between
the first occurrence of asthma and
greenness exposure in children and
teenagers.

2265 children recuited
from the Bavarian arm
of the GABRIELA
cohort

478 children (age of 7)

3520 subjects with
asthma, and 3520
subjects without asthma
(controls)

covered by gorse or exotic conifers,
both non-native, low-biodiversity
land-cover types, was associated
with a 3.2% (95% C10.0-6.0%)
and 4.2% (95% CI1 0.9-7.5%)
increased risk of asthma,
respectively. The results suggest
that exposure to greenness and
vegetation diversity may be
protective of asthma.

Asthma and atopy were inversely

associated with the presence of a
farm within a radius of maximum
100 m. The environmental
variables greenness, tree cover, soil
sealing, altitude, air pollution
differed not only between farm and
non-farm children but also between
farm children with and without
another farm nearby.

Residential proximity to grassy areas
appears to be associated with
higher odds of atopic sensitization
to different outdoor aeroallergens
in a high-risk regional cohort.

The risk of a first asthma occurrence
is significantly associated with
higher levels of greenness exposure
in preschool children. Exposure to
the highest level of green coverage
did not lead to a significantly
increased risk of asthma. These
results indicate that the greenness
exposure on asthma is quite
complex even when adjusted for
some important air pollutants
related to asthma occurrence in the
models.

seven cohorts recruited in Australia (MACS), Germany
(GINI-plus and LISAplus), Sweden (BAMSE), Netherlands
(PIAMA), and Canada (CAPPS and SAGE), and while the
association between greenness in a 500-m buffer, measured

Fig. 1 The number and direction
ofassociations between greenness
exposure and the prevalence of
allergy and asthma, in the 12
reviewed studies. Occasionally,
there were contradicting
association directions reported in
the same study, due to different
study regions being included
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associations were found for the GINI/LISA North (OR
[95%CI] 0.61 [0.36, 1.01]) and PIAMA (OR [95%CI] 0.67
[0.47, 0.95]). No significant associations were observed for
the remaining cohorts.

The concept of geographic region affecting the influence of
greenness on allergic diseases has later been supported by
Tischer and co-workers [22], who reported that the effect of
exposure to green areas varied significantly between the Euro-
Siberian and Mediterranean regions of Spain. These effect
differences may be associated with the probably distinct envi-
ronmental microbiome in the urban settings for those regions
[22].

In a study conducted in Palermo, Italy, Cilluffo et al. [24]
showed that a very low exposure to green areas in the city
(NDVI £0.15) was associated with a significantly higher
prevalence of nasal symptoms in children (OR [95%CI] 1.47
[1.07, 2.03]). These symptoms were mostly associated with
allergic rhinitis, including rhinorrhea, nasal congestion, or
rhinoconjunctivitis. Similar results were reported by Miiller-
Rompa and co-workers [26¢], but for rural environments. In
this study, comprising the Bavarian arm of the GABRIELA
birth cohort, the presence of a farm within a maximum of 100-
m radius was found to be a protective factor for atopy (OR
[95%CI] for a farm at 50 m 0.49 [0.37, 0.64]). It is important
to bear in mind that the variables greenness, tree cover, soil
sealing, altitude, and air pollution differed not only between
farm and non-farm children but also between farm children
with and without another farm nearby [26¢]. However, a con-
tradicting association was found by Gernes et al. [27], in a
study conducted in the Cincinnati region of USA (Southwest
Ohio and Northern Kentucky), where the residential proxim-
ity to grassy areas was associated with higher odds of atopic
sensitization to different outdoor aeroallergens in 7-year-old
children (OR [95%CI] 1.27 [1.02, 1.58]).

Concluding, the association between green environment
exposure and allergic diseases is complex, as it may vary
according to the region, vegetation biodiversity, or the type
of setting (urban or rural), notwithstanding the duality of ef-
fects green areas may have on children with different atopic
status, as it may be beneficial during early life exposure in
healthy children, while being detrimental in already sensitized
individuals [14].

Green Environments and Asthma

Asthma is a respiratory disease characterized by generally
unspecific symptomatology such as wheezing, dyspnoea or
dry cough [31]. A particular manifestation of asthma, com-
monly known as allergic asthma, is usually associated with
exacerbations and bronchial hyperresponsiveness when the
patient is exposed to a specific allergen. Therefore, asthma
exacerbations may be tightly linked to environmental aller-
gens, which are usually found in higher concentrations

proximate to green areas, in urban environments. On the other
hand, neighbouring greenness may improve
immunomodulation and reduce the odds for developing the
disease. Both hypotheses have been supported by the
reviewed studies. One example that supports the first hypoth-
esis is the aforementioned study conducted by Dadvand et al.
[17], where residential proximity to parks in Sabadell city was
significantly associated with a higher prevalence of asthma
(OR [95%CT] 1.60 [1.09, 2.36]). However, the same was not
observed for the proximity to forests (OR [95%CI] 1.02 [0.56,
1.87]). Similarly, Andrusaityte and co-workers [18] found
positive associations between surrounding greenness quantity
within the buffer of 100 m from the participants’ homes and
the prevalence of asthma among 4- to 6-year-old children,
even after adjusting for individual-level covariates and expo-
sures to air pollution (OR [95%CI] 1.43 [1.10, 1.85]).

Conversely, Chen et al. [20] reported that, in children aged
9 to 17 with physician-diagnosed asthma, interactions be-
tween residential greenspace and difficult family relationships
were found for asthma control, asthma functional limitations
and airway inflammation. Therefore, it is possible that the
psychosocial state of children may also influence the
greenspace effect on asthma.

Interestingly, Sbihi and co-workers [21] found no associa-
tions between three distinct trajectories of asthma (transient
asthma, late-onset chronic asthma and early onset chronic
asthma) and greenness exposure. The OR [95%IC] for asth-
ma, comparing highest green vs lowest green exposure (NDVI
quartile 3 vs quartile 0), were 0.91 [0.80, 1.05], 1.05 [0.90,
1.23] and 1.01 [0.81, 1.25], for transient asthma, late-onset
chronic asthma and early onset chronic asthma, respectively
[21]. Effects also appear to vary with geographic regions, as
Tischer and colleagues [22] found that exposure to
greenspaces differently affected symptoms of asthma between
the Euro-Siberian and Mediterranean regions of Spain, with a
higher residential surrounding greenness and higher proximity
to green spaces being negatively associated with wheezing in
the first, while higher residential proximity to green spaces
was associated with a reduced risk for bronchitis in the latter.

Through a different perspective, Bukalasa et al. [23] ex-
plored the influence of living near agricultural fields likely
treated with pesticides on the prevalence of asthma. The study
was conducted using the PIAMA birth cohort study, and the
presence of pesticides was estimated based on the identifica-
tion of crops through spatial data. Nevertheless, no associa-
tions were found between living within 100, 500 and 1000 m
of agricultural fields and the presence of asthma symptoms.

Vegetation biodiversity may also play an important role in
the effect of urban greenspaces on asthma. This has been
shown by Donovan and co-workers [25], who reported that,
although children living in greener areas (measured by NDVI)
were less likely to be asthmatic (OR [95%CI] 6.0% [1.9,
9.9%]), an increase in the area covered by gorse (Ulex
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europaeus) or exotic conifers, both non-native, low-
biodiversity land-cover types, was associated with an in-
creased risk of asthma (OR [95%CI] 3.2% [0.0, 6.0%] and
4.2% [0.9, 7.5%], respectively, for each species).

In the aforementioned study performed by Miiller-Rompa
and colleagues [26¢], authors also found the asthma preva-
lence to be inversely associated with the presence of farms
in a maximum of 100-m radius. The effect for a farm at
50 m was significant when crudely modelled (OR [95%CI]
0.65 [0.46, 0.90]), but lost significance when adjusted for the
presence of straw, cow contact or farm milk ingestion.
Therefore, the protective effect associated with the proximity
of farms may not entirely be associated with the larger
neighbouring vegetation concentration, but also from the ex-
posure to a more diverse environmental microbiome.

On the contrary, Chia-Jung et al. [28¢] showed, in a case-
control study comprising 3520 children with asthma and re-
spective controls, that the risk of a first asthma occurrence was
significantly associated with higher level of greenness expo-
sure in preschool children. Nevertheless, exposure to the
highest level of green coverage (81-100%) did not lead to a
significantly increased risk of asthma. These results demon-
strate that, although greenness may have a protective effect on
asthma risk, the associations are certainly not linear, as some
confounding factors, such as the environmental biodiversity,
may significant model the effect.

The Greener Side of Allergy and Asthma

The present review compiled the recent published bibliogra-
phy concerning the relation of greenspace exposure on asthma
and allergies in children. Most studies appear to point that
green areas neighbouring children residences play a role on
the prevalence of allergy and asthma. However, whether
greenness is a protective factor, or an exacerbation driver, is
yet to be elucidated. The reason for such high number of
contradicting results may have been caused by the confound-
ing factors associated with greenspace exposure, such as veg-
etation biodiversity, environmental microbiome, human be-
haviour (farm vs urban life) or the region itself. However,
despite the large inclusion of birth cohorts, the majority of
the reviewed studies measured the asthma and allergy out-
comes at a given stage of life, which does not allow a life-
course estimation of the greenness effect on the studied
diseases.

In conclusion, it is still not possible to concretely discern
the importance of early life exposure to green areas on asth-
ma and allergy development. More studies on the previous-
ly mentioned factors associated with green areas may help
in elucidating these associations, as well as more longitu-
dinal studies with a more methodical asthma and allergy
monitoring approach.
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