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Summary
Greenspaces in school’s neighbourhood represent an important environment to promote healthy
development. The aim of this study was to assess the association between the density and type
of trees around schools and exhaled Nitric Oxide (NO) levels in schoolchildren. Data on 845
children from 20 primary schools in Porto was analysed. Airway inflammation was assessed
by measuring exhaled NO level. The density and type of trees were quantified within a 500
m buffer around schools. Associations were estimated using mixed-effect models. A significant
association was observed between non-tree covered areas around schools and exhaled NO levels
in schoolchildren (β = - 1.42, 95% CI - 2.84, - 0.001). Our results suggested that the presence
of trees in school neighbourhoods may play a role in the biological mechanisms underlying the
complex links between environment and airway inflammation.
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Introduction
Growing urbanization is globally changing urban-natural environment, biodiversity as well as human lifestyles, which may
have important public health implications (1, 2). Although urban life offers a greater access to community services, it is also
associated with increased exposure to air pollution and loss of
natural environments (3, 4). With hasty global urbanization,
there is an increasing interest in understanding how urban settings and environment affect children’s health.

Urban green spaces not only provide balance for ecosystems
but can also act as a buffer against exposure to air pollution,
by removing pollutants from the atmosphere (18, 19). Pollutants may be removed from the atmosphere through wet and dry
deposition on the tree surface and/or by stomatal adsorption
and absorption processes (20). Knowledge on how greenspaces
affect human health is crucial in addressing the increasing prevalence of asthma and allergies worldwide and to direct urban
and community planning for a healthy environment (21, 22).
Previous studies have examined the effect of air pollution ex-
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posure on exhaled Nitric Oxide (NO) levels, as a non-invasive
measure of airway inflammation (23), but no studies evaluate
the role of greenspaces on exhaled NO in children. Thus, the
aim of this study was to assess the association between the density and type of trees around schools and exhaled NO levels in
schoolchildren.
Materials and methods
The present study included participants from a cross-sectional
study assembled in 20 primary schools in Porto, Portugal, corresponding to a total of 71 assessed classrooms (24). The University Health Ethics Committee approved the study, and informed
consent was obtained from the children’s legal guardians. All
research was performed in accordance with the Declaration of
Helsinki.
Physical and clinical assessment
A self-administered ISAAC-based questionnaire (25) was filled
out by children’s parents covering information on social, demographic and behavioural characteristics and questions regarding
the respiratory/allergic health of the children. A physical and
clinical assessment, including height, weight, spirometry with
bronchodilation, exhaled NO, and Skin-Prick-Tests (SPTs)
were performed by trained health professionals (24).
Lung function and airway reversibility were assessed by spirometry according to ATS/ERS guidelines (26) using a portable spirometer (MIR Spiro bank, A23-04003237) before and 15 minutes after the inhalation of 400 μg of salbutamol. The definition
of asthma was based on clinical and functional criteria: self-report of asthma diagnosed by a physician (medical diagnosis),
with reported asthma symptoms over the past 12 months and/
or at least a 12% and over 200 mL increase in FEV1 (Forced
Expiratory Volume in 1 second) after bronchodilation (27).
Airway inflammation was assessed by measuring the fractional
exhaled NO level using a NO breath analyzer (Bedfont Scientific, Ltd.) in accordance with the ATS guidelines (28).
SPTs were performed on children forearm using a QuickTestTM
applicator (Hall Allergy) and allergen extracts of house dust
mite, mix of weeds, mix of grasses, cat dander, dog dander and
Alternaria alternata, a negative (extracts diluent) and a positive
control (histamine at 10 mg/mL) (Hall Allergy, Netherlands).
Results were read 20 minutes afterwards and atopy was defined
by a positive SPT to at least one of the allergens.
Density and type of trees
Dominant leaf type (broadleaved/coniferous) and tree cover
density (percentage of tree coverage, 0 to 100%) at 20 m spatial
resolution were obtained from the 2015 High Resolution Layer

(HRL) Forest products, which can be obtained from the Copernicus Land Monitoring Service (CLMS), coordinated by the
European Environment Agency (EEA) (29).
A circular buffer of 500 metres around each participant’s primary school address was created (figures 1, 2) in ArcGIS 10.5.1
(Environmental Systems Research Institute, ESRI, Redlands,
CA, USA). This buffer has been previously considered by
Paciência et al. (9) since it is considered a reasonable walking
distance for children as described by Brownson et al. (30).
Then, each buffer was overlaid with the maps depicting the
dominant leaf type and tree cover density to determine the tree
cover density (0-100%) and the percentage of area covered by
each dominant leaf type in the school surroundings. Overlay
operations were performed using QGIS 3.8. Weighted average
of tree cover density and the total area of broadleaves, coniferous and non-tree covered area were calculated for each school’s
neighbourhood to determine the percentage and type of trees.
Study participants
In total, 1602 children (7-12 years old), all in the 3rd and/or
4th grades, were invited to participate. Among them, 686 did
not return the signed informed consent form (participation rate
of 57%), and 58 refused to perform clinical tests.
Data analysis
Distribution of continuous variables was analysed for normality.
Whenever non-Gaussian distributions were observed, non-parametric tests were performed for inferential statistics. The Kruskal-Wallis test was used to compare variables between girls
and boys. Significant differences were defined according to an
α-value of 5% (p < 0.05). Mixed-effect models with a random
effect at school-level were used to measure the influence of density and type of trees around schools on exhaled NO levels in
children. The Intraclass Correlation Coefficient (ICC) was used
to quantify the proportion of the total variance that is at the
school’s neighbourhood level. The following confounders were
considered in the adjusted models: age, sex, asthma, atopy, parental education level and exposure to tobacco smoke at home.
Associations were expressed as standardized beta coefficients, β,
and 95% CI. Statistical analysis was performed using R.
Results
Among the 858 included children, 13 were excluded due to
poor quality lung function test data. Hence, this study was
based on data from 845 children (49.2% girls) (table I). The
median (25th-75th) levels of exhaled NO was 11.0 (6.0-20.0)
ppb, being higher among boys (12.0 (6.0-21.0) vs 10.0 (6.017.5), p = 0.004). The prevalence of asthma, atopy and rhinitis
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Figure 1 - Percentage of tree cover around each primary school. Each school was represented by a point and a circular buffer of 500 metres.
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Figure 2 - Dominant leaf type around each primary school. Each school was represented by a point and a circular buffer of 500 metres.
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was 9.5%, 35.4%, and 13.4%, respectively. The prevalence of
overweight or obesity was nearly 30% (table I).
The surrounding density and type of trees is presented in table
II. The percentage of tree cover ranged from 16% to 37%, and
the median area covered by coniferous and broadleaves was 10.8
ha and 0.12 ha, respectively. The median (25th-75th percentile)
of non-tree covered area was 64.6 ha (58.5-66.7 ha) (table II).
Positive Pearson’s correlations were found between tree cover
density and type of trees (rho = 0.430 (broadleaves) and 0.751
(coniferous), p < 0.05). The density of tree cover and the distribution of broadleaves and coniferous was significantly different
between schools (p < 0.05).
A significant association was found between non-tree covered
areas around school and the levels of exhaled NO in schoolchildren (model 2: β = - 1.42, 95% CI - 2.84, - 0.001). An
increment of 10 m2 in non-tree covered areas around schools
was associated with a decrease of 1.4 ppb in exhaled nitric oxide
levels. The association was similar but non-significant between
the presence of broadleaves (β = - 0.14, 95% CI - 0.49, 0.22),
coniferous (β = - 1.16, 95% CI - 3.09, 0.76) and tree cover

density (β = - 0.01, 95% CI - 0.04, 0.01) and exhaled NO levels
in children (table III).
The ICC revealed that approximately 4.0% of the variance in
the levels of exhaled NO is at neighborhood-level. The tree cover density, non-tree covered areas, broadleaves and coniferous in
school’s neighborhoods explained 3.84%, 9.10%, - 7.76% and
- 3.82% of the levels of exhaled NO, respectively.
Discussion
Our study shown how density and type of trees surrounding
primary schools may influence the levels of exhaled NO in children. After adjustment, non-tree covered areas around primary
schools were inversely associated with children’s exhaled NO,
independently of asthma and allergy status, suggesting that the
presence of trees in school neighbourhood may affect the levels
of exhaled NO in both healthy and susceptible children.
The present study has some limitations. The cross-sectional design does not allow the determination of causal associations and
exposure-dose assumptions. Furthermore, we did not address the

Table I - Characteristics of the participants.
Characteristics

Total (n = 845)

Girls (n = 416)

Boys (n = 429)

Age [years (mean ± SD)]

9.0 (8.0-9.0)

9.0 (8.0-9.0)

9.0 (8.0-9.0)

≤ 9 years

219 (32.1)

97 (29.6)

122 (34.5)

10-12 years

201 (29.5)

103 (31.4)

98 (27.7)

≥ 13 years

262 (38.4))

128 (39.0)

134 (37.9)

Never

588 (76.4)

293 (76.5)

295 (76.2)

Daily

72 (9.4)

32 (8.4)

40 (10.3)

1-4 times per week

20 (2.6)

8 (2.1)

12 (3.1)

90 (11.7)

50 (13.1)

40 (10.3)

11.0 (6.0-20.0)

10.0 (6.0-17.5)

12.0 (6.0-21.0)

Parental education [n (%)]

Exposure to smoke at home [n (%)]

1-3 times per month
Exhaled NO [ppb (median (25 -75 percentile)]
th

ǂ

th

80 (9.5)

49 (11.8)

31 (7.2)

Atopy [n (%)] ǂ

296 (35.4)

145 (35.3)

151 (35.6)

Rhinitis [n (%)]

101 (13.4)

40 (10.8)

61 (16.0)

Underweight

39 (4.6)

21 (5.0)

18 (4.2)

Normal weight

575 (68.0)

281 (67.5)

194 (68.5)

Overweight

128 (15.1)

67 (16.1)

61 (14.2)

Obese

103 (12.2)

47 (11.3)

56 (13.1)

Asthma [n (%)]

BMI, CDC [n (%)]

BMI: Body Mass Index; CDC: US Centres for Disease Control; Bold corresponds to significant differences (p value < 0.05).
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quality and type of vegetation or biodiversity. Nevertheless, our
analyses were based on the objective measure of tree cover density developed by the European Environmental Agency, allowing
a comparison across studies, a better understanding of effects
of specific type of trees and the complexities in the interactions
between greenspaces and exhaled NO levels, and avoiding bias
related to participants’ perception of their neighbourhoods. Our
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results are also limited by low Intraclass Correlation Coefficients
(ICCs) generated by the variables of the multilevel analysis. Further, the between-neighbourhood variance was reduced with the
inclusion of the individual-level variables of age, sex, asthma, atopy, parental education level and exposure to tobacco smoke at
home. However, even low ICCs may have an important impact
on levels of exhaled NO in children (31), being important pre-

Table II - Distribution of density and type of trees around schools.
Median (25th-75th percentile)

Min-Max

Tree cover density (%)

21.0 (20.0-27.0)

16.0-37.0

Non-tree covered area (ha)

64.5 (58.5-66.7)

40.0-69.7

Broadleaves (ha)

10.1 (7.48-12.2)

2.56-19.3

Coniferous (ha)

0.12 (0.04-0.48)

0-2.80

Table III - Multilevel model analysis of the association between density and type of trees and exhaled NO level.
Characteristics

Total (n = 845)

Girls (n = 416)

Boys (n = 429)

β (95% CI)

---

- 0.01 (- 0.02, 0.001)

- 0.01 (- 0.04, 0.01)

ICC (%)

3.89

3.84

Variance

0.03

0.03

0.05

Variance explained (%)

Reference

1.19

- 45.6

Tree cover density
6.11

Non-tree covered area
- 0.89 (- 2.16, 0.38)

- 1.42 (- 2.84, - 0.001)

β (95% CI)

---

ICC (%)

3.50

3.55

4.93

Variance

0.03

0.03

0.04

Variance explained (%)

Reference

9.10

- 16.0

Broadleaves
β (95% CI)

---

ICC (%)

3.80

- 0.04 (- 0.20, 0.12)
4.18

- 0.14 (- 0.49, 0.22)
6.78

Variance

0.03

0.04

0.05

Variance explained (%)

Reference

- 7.76

- 62.6

β (95% CI)

---

- 0.51 (- 1.33, 0.32)

- 1.16 (- 3.09, 0.76)

ICC (%)

3.60

4.03

6.32

Variance

0.03

0.03

0.05

Variance explained (%)

Reference

- 3.82

- 50.9

Coniferous

ICC: Intraclass Correlation Coefficient; β: beta regression coefficients; 95% CI: 95% Confidence Intervals.
Model 0: is null model, baseline model without any exposure variable; Model 1: only included the variable of exposure; Model 2a: adjusted for age, sex,
asthma, atopy, parental education level and exposure to tobacco smoke at home.
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dictors of health outcomes and compatible with important policy effects of school’s neighbourhood characteristics (32). Finally, other confounders related to exposures at school and home,
namely air pollution, was not measured in the study. However,
data on asthma, atopy, parental education, and exposure to tobacco smoke were considered as potential confounding factors.
The chosen buffer size can also affect the results, however the
500 m buffer is supported by Browning et al. (33) and Brownson et al. (30), and has been associated with a less prone to exposure misclassification (34).
Our study has also important strengths. To our knowledge, this
is the first study evaluating the effect of density and type of
trees in schools’ neighbourhoods on levels of exhaled NO in
schoolchildren. Additionally, we performed a comprehensive
clinical assessment with a large number of participants, while
controlling for a number of potentially important confounders.
The Global Initiative for Asthma (GINA) guidelines define a
significant bronchodilator response as an increase in FEV1 ≥
12%, in children (35). However, we considered an increase in
FEV1 ≥ 12% and/or 200 ml as recommended by the NICE
guideline committee members (36) as being a more appropriate
threshold as evidence of a positive test in response to a standard
dose of bronchodilator. In addition, American Thoracic Society
recommendations define a significant bronchodilator response
as an increase in FEV1 ≥ 12% and/or 200 ml in both adults and
children (37). The effect of trees on schools’ neighbourhoods
was evaluated using a robust statistical tool that allowed a multilevel approach, considering the complex relationship among the
different levels of variables. Nevertheless, it will be important
to assess the effect of long-term exposure to school neighbourhoods to understand the extent of health effects.
Nitric oxide is present in exhaled breath and plays a number of
key roles in lung physiology, including as a vasodilator, bronchodilator, and inflammatory mediator (38), raising the question of whether exhaled NO can be used as a biomarker of the
adverse effect of air pollution on the airways. In addition, Tarantini et al. (39) shown that exposure to air pollutants, including
particulate matter (PM2.5), may impacts iNOS (induced NOS)
promoter methylation. Nitric oxide synthase catalyzes the generation of nitric oxide and three isoforms has been identified
– iNOs, eNOS (endothelial NOS) and nNOS (neural NOS).
iNOS has been associated to increased levels of nitric oxide, being also responsible for the higher levels of exhaled NO (40).
Similar to findings of Tarantini et al. (39), a study including
940 children (6-11 years of age) suggested that the effect of air
pollutants on exhaled NO levels may be mediated by a higher
iNOS expression due to a lower methylation in iNOS promoter
(41). In fact, Salam et al. (41) reported that exposure to higher
concentrations of PM2.5 and lower iNOS methylation was related to higher iNOS expression and consequently to higher levels
of exhaled NO in children.
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Our results suggested that exhaled NO in children may be a
sensitive marker for respiratory effects related to school neighborhood. Our results showed that exhaled NO in schoolchildren may decrease with increased percentage of non-tree covered area, tree cover density, broadleaves and coniferous. Green
spaces in school neighborhoods can have beneficial effects on
air pollution through absorption, providing physical barriers
against emission sources, or by limiting the overall area available to sources of pollutants, such traffic or industry (42, 43).
In fact, in our study the non-tree covered areas were inversely
correlated with the presence of fast transit roads and industrial
areas surrounding schools, supporting a decrease of pollutants
concentration and consequently on the levels of exhaled NO.
Mechanistically, a decrease of air pollutants may associate with
a lower activation of Transient Receptor Potential channels
(TRP), such as TRPA1 and TRPV1, reducing the production
of inflammatory cytokines and nitric oxide (44).
Previous studies have also reported associations between exposure to air pollution, especially in children, and increased levels
of exhaled NO (45, 46). Short-term exposure to higher concentrations of particulate matter (PM2.5 and PM10) and ozone
were associated with airway inflammation independent of asthma and allergy status (45). The negative impact of exposure to
urban environment has also been further reinforced by Berhane
et al. (46), in which exposure to urban air, particularly to nitric
dioxide and PM2.5, was positively associated with changes in exhaled NO levels in children. The levels of exhaled NO observed
in our study were similar to mean values found by Berhane and
collegues in 2011 (11.02 ppb in girls and 11.25 ppb in boys)
(45) and 2014 (14.8 ppb in girls and 16.6 ppb in boys) (46). Although Berhane et al. (45) underline that levels of air pollution
may have the potential to increase the levels of exhaled NO in
both healthy and susceptible children, heterogeneity in results
may be increased by the different levels of exposure.
Our results suggested that density and type of trees in school neighbourhoods may play a role in the biological mechanisms underlying the complex links between environment and airway inflammation. However, the absolute changes in NO that we observed
may be considered small in terms of their possible clinical impact.
Additional studies evaluating both the density, type of trees and
levels of air pollutants, as well as the interaction with greenspaces and pollution in relation to airway inflammation, should be
conducted in order to better understand the mechanisms behind
the effects associated with urban environment. Our results suggest
that the density and type of trees in school neighbourhood may
have an impact on exhaled NO in children. Ultimately, this study
supports the concept that urban greenspaces and the presence of
trees in school neighbourhoods may be associated with respiratory
health in the long-term, contributing to the implementation of
future urban planning policies and practices that may promote a
healthy lifestyle and reconnection with nature.
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