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Abstract: A series of studies have proved that green space can influence air pollution, which is the 
main risk factor for asthma. In addition, the biodiversity hypothesis suggests use of green space can 
contribute to increasing human commensal microbiota on the skin, which is possible to enhance 
immunity to allergic atopy. Given that, the co-effects of green space might jointly influence asthma. 
However, existing studies mainly focus on one or part of the pathway between them, and most of 
them shed light on the influence of greenness or trees on asthma. Green space structure, capable to 
influence both air pollution and microbial diversity, is also probably a significant factor to influence 
asthma. Regarding this, this study takes Toronto as the case to explore two potential mechanisms 
that shape the impact of green space structure on asthma. Besides, tree diversity that might moder-
ate this impact was also examined in this study. By regression analysis, it is found that the impact 
of green space structure on the prevalence of asthma by reducing air pollution was not evident. 
Moreover, green space structure has no significant contribution to the prevalence of asthma, but 
when moderated by tree diversity, it has the potential to reduce the prevalence of male asthmatics 
and such moderation effect only works on male asthmatics. Except for that, several covariates se-
lected in this study were also found correlate with the prevalence of asthma. In particular, the rela-
tionship between household income and the prevalence of asthma is only significant among female 
asthmatics.  
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1. Introduction 
Asthma is an airway inflamed disease and could induce breathing difficulty and air-

flow obstructed by inflaming and narrowing bronchial tubes. It has become the third-most 
chronic disease in Canada [1]. As reported, there are about 300 people diagnosed as asth-
matics every day in Canada, and it causes approximately 250 death every year [1]. Fur-
thermore, an online investigation suggests that asthma has serious influences on patients’ 
physical, mental, and social health [2]. For example, most respondents point out that, ex-
cept for the physical damages, asthma additionally makes them feel anxious, hopeless, 
stigmatized, and less confident. Although the prevalence of asthma might be impacted by 
various elements, like urbanization, allergens, gender, age, genes, etc., inhaled particles 
as well as substances are considered the strongest risk factors [3]. Short-term exposure to 
air pollution can produce various asthma outcomes, such as damaging lung functions, 
exacerbating asthma symptoms, and increasing emergency-room visits [4]. 

However, it has been proved that green space structure can reshape air pollution 
concentrations. On the one hand, the types and proportions of green space components 
can lead to different abilities of the flora to reduce air pollution; on the other hand, it can 
influence the spread of air pollution by changing wind direction and speed [5-6]. Given 
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that, green space structure has the potential to influence the prevalence of asthma through 
decreasing air pollution. Besides, green space structure can directly influence asthma via 
its micro-components. The diverse microbiota within the green space is capable to in-
crease human commensal microbiota on the skin and nasal, which subsequently contrib-
utes to enhancing their immunity to allergy atopies [7].  

In sum, there are multiple potential mechanisms through which green space struc-
ture influence asthma, and the co-effects as mentioned above might jointly work on 
asthma. Yet, most studies only focus on one effect or using a partial view to explain the 
mechanism; and some tend to pay more attention to the associations between green space 
and air pollution, or between air pollution and asthma [4,8-9]. Moreover, although there 
are a few works has examined the relationship between green space and asthma, the con-
clusions are inconsistent [10-11]. In this sense, this study takes Toronto as a case to explore 
two potential mechanisms between green space structure and asthma, namely directly 
influence on asthma via its micro-component (diverse microbiota), and indirectly impact 
upon asthma by reducing air pollution. 

2. Materials and Methods 
As discussed above, except for the direct effects of green space structure (independ-

ent variable) on the prevalence of asthma (dependent variable), possibly the influence 
may be mediated by air pollution (mediator variable). That is to say, the study needs to 
examine the associations between the independent variable and the mediator variable, 
between the mediator variable and the dependent variable, as well as between the inde-
pendent variable and the dependent variable. Given that, regression analysis is applied in 
SPSS 20 v. PROCESS 3.4 (Andrew F. Hayes, Ohio State University, USA) (Downloaded 
from http://processmacro.org/download.html). It is noteworthy that the indirect pathway 
hypothesis would not be confirmed if the associations between the independent variable 
and mediator variable or between the mediator variable and the dependent variable are 
not statistically significant. All variables are calculated by taking the neighborhood as the 
statistical unit in this study. Detailed explanation of the variables is as follow. 
 Independent variable 

The green space structure is measured by the ratio of the tree to shrub and grass 
(calculation method: tree areas divided by the sum of shrub areas and grass areas), and 
the data of vegetation types (including trees, shrubs, and grass) is obtained from Toronto 
Parks, Forestry & Recreation. 
 Dependent variable 

The prevalence of asthma is denoted by the number of asthmatics per 100 people and 
the relevant data is provided by the Ontario Community Health Profiles Partnership. Be-
sides, considering gender difference, this study makes a further analysis to explore 
whether or not green space structure plays different roles in different gender asthmatics. 
In other words, the prevalence of male asthmatics and the prevalence of female asthmatics 
are treated as the dependent variable in the analysis model respectively. 
 Mediator variable 

Air pollution is described by two indicators which are ultrafine particles and total pol-
lutants released to the air. In particular, the former is obtained from Toronto Social Devel-
opment, Finance & Administration, and the latter is derived from the study by Sabaliauskas 
et al. (2015) [12].  
 Moderator variable 

Except for the above indicators, the factors that might moderate (enhance/decrease) the 
influence of green space structure on the prevalence of asthma are also considered in this 
study. Previous studies have shown that tree species, on the one hand, can make a difference 
in air pollution [13], on the other hand, could influence asthma by producing pollen and 
influencing the microbial community [14-15]. That is to say, tree species can possibly exert 
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impacts through both direct and indirect pathways. Given that, (street) tree diversity is con-
sidered as the moderator and calculated by the Shannon-Wiener index [16]. The data of 
street tree species is obtained from Toronto Parks, Forestry & Recreation. 
 Covariates 

Existing evidence suggests that asthma is a kind of disease caused by multiple aspects 
[3]. Apart from the factors examined in this study, there are other elements probably influ-
encing the prevalence of asthma. Hence it is necessary to control the influence of these fac-
tors on the analysis results. As this study is based on the population but not individuals, 
therefore, those individual factors are not considered. By referring to existing studies, the 
percentage of green space, average total income, average household size, and the percentage 
of the total visible minority are considered as covariates [17-19]. The green space data are 
provided by Toronto Parks, Forestry & Recreation and data for the other covariates are all 
obtained from Toronto Social Development, Finance & Administration. 

3. Results 
The analysis results are summarized in Table 1. When taking air pollution as the out-

come, the ratio of the tree to shrub and grass (RTSG) is negatively related to ultrafine 
particles (UFP), while it has no significant relationship with (total) pollutants released to 
the air (PRA). What’s more, tree diversity (TD) can influence neither UFP nor PRA and 
does not moderate the impacts of RTSG on air pollution in this study. For covariates, con-
trary to RTSG, the percentage of green space (POGS) contributes to reducing PRA, while 
its association with UFP is nonsignificant. Intriguingly, total income (TI) positively corre-
lates with UFP, whereas there is no a similar relationship between it and PRA. 

When taking the prevalence of asthma as the outcome, RTSG is uncorrelated to any 
type of the prevalence of asthma (namely, total asthmatics, male asthmatics, and female 
asthmatics). Similarly, air pollution measured by UFP and PRA was found not to be asso-
ciated with the prevalence of asthma either. That is to say, the hypothesis that RTSG in-
fluences the prevalence of asthma by reducing air pollution is not supported by the evi-
dence presented in this study. TD does not exert a significant influence on developing 
asthma, however, it can moderate RSTG to make a significantly negative impact on male 
asthmatics. Notably, this moderation effect does not work on the relationship between 
RTSG and female asthmatics. For covariates, household size (HS) and the percentage of 
total visible minority (PTVMP) have statistically significant impacts on the prevalence of 
asthma, while POGS has no such influence. Moreover, compared with PMA, TI matters 
more for PFA and it negatively correlates with female asthmatics.  

Table 1. Coefficients of variables. 

Variables 
Outcomes 

Air pollution Prevalence of asthma 
UFP PRA PTA PMA PFA 

Constant 0.018  -0.002  -0.032  -0.032  -0.032  
RTSG -0.307** -0.104  -0.186  -0.192  -0.170  
UFP N/A N/A 0.015  0.028  0.008  
PRA N/A N/A 0.013  0.017  0.006  
TD -0.039  0.051  0.074  0.083  0.066  

Int_1 0.102  -0.010  -0.187* -0.183* -0.183  
POGS 0.069  -0.315** 0.123  0.104  0.133  

TI 0.235* 0.161  -0.230* -0.108  -0.328** 
HS 0.202  0.216  0.464*** 0.562*** 0.355*** 

PTVMP 0.168  0.107  -0.527*** -0.483*** -0.542*** 
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Note: (1) PTA, PMA, and PFA are the abbreviation of the prevalence of total, male and female 
asthmatics, respectively; RTSG is the abbreviation of the ratio of the tree to shrub and grass; UFP is 
the abbreviation of ultrafine particles; PRA is the abbreviation of the total pollutants released to 
the air; TD is the abbreviation of tree diversity; POGS is the abbreviation of the percentage of 
green space; TI is the abbreviation of (average) total income (in neighborhood-level); HS is the 
abbreviation of (average) household size (in neighborhood-level); PTVMP is the abbreviation of 
the percentage of the total visible minority. (2) Int_1 means the interaction between RTSG and TD. 
(3) * represents p<=0.05; ** represents p<=0.01; ***represents p<=0.001. (4) Level of confidence for 
all confidence intervals in output: 95.0000. (5) Dependent variables of PTA, PMA, and PFA are 
separately taken into the analysis model. 

4. Discussions and Conclusions 
This study explores two potential pathways between RSTG and the prevalence of asthma. 

In detail, there is no robust evidence to show that the impact of green space structure on the 
prevalence of asthma is by reducing air pollution, which might be due to the time inconsist-
ence of the data. Although the average change rate of the total pollutants released to the air 
decreases slightly [20], the time bias among vegetation data (extracted in 2018), asthma data 
(collected in 2016-2017), UFP data (measured in 2008), and PRA (obtained in 2012) probably 
causes the difference. Regarding the direct pathway between green space structure and the 
prevalence of asthma, it is interesting that green space structure has no significant relationship 
with the prevalence of asthma, but when moderated by tree diversity, it has the potential to 
reduce the prevalence of male asthmatics and such moderation effect only works on male 
asthmatics. That might be due to the difference in green space utility between males and fe-
males. Previous studies suggest that biodiversity, like trees, shrubs, etc., contributes to enhanc-
ing green space use. But compared with the males, females are more easily influenced by 
safety perception while using the green space [21]. This is probably why males tend to use 
green space more frequently [22]. As has been revealed, the direct impact of green space struc-
ture on the prevalence of asthma is based on the hypothesis that green space micro-component, 
diverse microbiota, can improve human immunity to allergic atopy by increasing microbial 
diversity on the skin when they use green space [23]. In other words, only when people phys-
ically use green space, then this potential mechanism works. Therefore, when moderated by 
tree diversity, green space structure can reduce asthma risk for males, but it is not significant 
for females. 

The positive association between household size and asthma as well as the negative re-
lationship between the percentage of total visible minority and asthma echoes with the exist-
ing findings [17,24]. The nonsignificant correlation between the percentage of green space and 
asthma in this study resonates with some studies. Yet, it is also found that the negative rela-
tionship even the positive relationship between them also exists [25-27], which might be due 
to the different research geographic context [28]. The different impacts of household income 
on male and female asthmatics indicate that compared with male asthmatics, female asthmat-
ics are more easily influenced by the economic level and the deprived people tend to have a 
high risk of developing asthma. But this finding is significant only in female asthmatics. 

It is noteworthy that the vegetation types (trees, shrubs, and grass) applied in this study 
are classified automatically by following certain classification model logic. To reduce the in-
fluence of classification bias, this study combines shrubs with grass to calculate the ratio of 
trees to shrubs and grass, but the difference between the extracted vegetation types and the 
ones in reality probably still makes a difference in the analysis results. Therefore, it should be 
well noted while applying the findings as explained above to planning or treatment practice. 
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