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ABSTRACT

Vegetation may benefit asthma and allergy, but null and detrimental associations were also
reported. One explanation can be the impact of air pollution. The author aimed to narra-
tively review published epidemiological studies that considered both vegetation and air
pollution in relation to asthma, rhinitis, sensitization, and eczema. Search of peer-reviewed
original studies was performed in PubMed. Additional articles were identified from the
reference lists, the author’s personal records, and new publication alerts. Among 18 iden-
tified studies, two indicate that vegetation reduces air pollution and is therefore protective
against asthma. Results of three studies indicate that protective effects of vegetation on
asthma are due to absence of pollution. Four studies identified varying interaction between
vegetation and air pollution with allergic outcomes. The remaining studies reported no
interplay between vegetation and air pollution in relation to allergy. Combined effects of
air pollution and vegetation on allergic outcomes need to be further tested. ®rN Rev. 2021,71):47-61)
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INTRODUCTION

Asthma is a prevalent chronic inflammatory
disease characterized by airway obstruction
and recurring episodes of bronchospasm, and
its symptoms include wheezing, shortness of
breath and tightness in the chest!. It has been
estimated that over 339 million people in 2016
suffered from asthma globally and that asth-
ma is the 16" leading cause of years lived
with disability?. Asthma- and allergy-related
socioeconomic costs are high®. In particular,
a meta-analysis based on 15 studies indicat-
ed that asthmatics and their caregivers have
decreased physical, psychological and social
functioning compared to their counterparts®.
Allergy, especially allergic rhinitis, is a known
risk factor of asthma. Allergy and asthma
started to increase in 1960s®, and remain on
the rise, especially in middle-to-high-income
countries.

The pathophysiology of allergy is complex. There
is a consensus that susceptibility to asthma
and allergy is a combination of genetic pre-
disposition, environmental influences, and
gene-environment interactions®. Exposure to
outdoor air pollution has been listed among
the culprits of airway allergy occurrence and
severity’. The results of cellular and animal
models” studies support the notion that par-
ticulate and gaseous air pollutants generate
reactive oxygen species, which results in oxi-
dative stress and inflammatory responses®.
The results of one recent study demonstrate
that parental early-life exposure to particulate
air pollution and ozone even in relatively clean
Norway and Sweden increased the risk of asth-
ma and hay fever in future offspring, which
points out towards transgenerational effects
of air pollution on allergy?’.

Air pollution abatement is commonly pre-
sented as the key role of urban vegetation'.
One would thus expect that people who re-
side in “greener” places will be less likely to
suffer from allergies. But vegetation is also a
source of biogenic volatile organic compounds,
which are ozone precursors, and produce aller-
genic pollen'®. Exposure to allergenic pollen
exacerbates allergic outcomes, as is summarised
by two recent systematic reviews!!2, Indeed,
exposure to vegetation has been repeatedly
shown to correlate with asthma and allergic
endpoints, but presence and direction of the
association greatly differed across published
studies’®. Apparently, mechanistic links be-
hind the association between vegetation and
allergy are less straightforward than just due
to lower air pollution in more vegetated plac-
es. One explanation is a complex interplay
between air pollutants, vegetation, and other
relevant factors. First, more vegetated places
are less polluted (confounding). Alternatively,
air pollution can be actively reduced by veg-
etation (mediation). Finally, there can be an
interaction effect between air pollution and
vegetation in relation to allergy, possibly driv-
en by pollen mechanisms (effect modification).
Brief explanations on confounder, mediator,
and effect modifier variables are provided in
Box 1.

The aim of this article is to narratively review
published epidemiological studies that con-
sidered both vegetation (commonly labelled
as “greenspace” in epidemiological literature)
and air pollution in relation to asthma and al-
lergic endpoints, specifically, rhinitis, eczema,
and atopic sensitization, and to discuss how
these two factors can relate to each other and
to allergy. The studies considering specifical-
ly plant and fungal pollen were outside of the
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Box 1. Confounding, mediation, and effect modification

Exposure ———— > QOutcome

A

Confounder

Confounder is a variable that is related to both an independent variable (exposure) and a health outcome
but is not on a causal pathway between an exposure and an outcome.

E.g., smoking is a confounder in the association between coffee consumption and pancreatic cancer and
should be adjusted for.

Mediator is a variable that is on a causal pathway between an exposure and an outcome. A mediation
model seeks for a mechanistic explanation of an observed association.

E.g., happiness (outcome) is observed to be related to higher school grades (exposure). The possible
explanation is that higher school grades increase self-esteem. Self-esteem is on the pathway between
school grades and happiness and is therefore a mediator in this association.

Exposure —» Mediator —>» Outcome

» Qutcome If an association differs between different subgroups, it is effect modification. Here, an effect modifier
T is a variable for a subgroup.
E.g., exposure to asbestos (exposure) is related to lung cancer (outcome). This association is much

Exposure

Effect modifier

scope as they were summarised by the previ-
ous systematic review!?.

METHODS
Search strategy

The literature search of peer-reviewed studies
for this narrative review was performed in
PubMed end of May 2020 with no time re-
strictions. The author used a combination of
keywords of synonyms for “greenspace” (e.g.,
“ereenness”, “tree*”, “green space”), and “al-
lergy” (e.g., “hayfever”, “asthma”, “allergic

disease”) (Box 2).

Titles and abstracts of identified studies were
screened, and full texts of candidate origi-
nal and review articles were retrieved and
checked for eligibility. Additional articles
were identified from the reference lists of the
candidate studies, personal records of the au-
thor, and new publication alerts.

Eligibility criteria

Only original quantitative epidemiological
studies of any design in English language

stronger in smokers. Thus, smoking is an effect modifier of the association.

Box 2. PubMed search used for the review

((greenspace(Title/Abstract] OR green space*[Title/Abstract]
OR greenness|[Title/Abstract] OR NDVI[Title/Abstract] OR
greenery[Title/Abstract] OR tree*[Title/Abstract]))

AND

(allerg*[Title/Abstract] OR allergic disease[Title/Abstract]
OR asthma(Title/Abstract] OR eczemalTitle/Abstract] OR
rhinitis[Title/Abstract] OR atopy[Title/Abstract] OR
sensitization[Title/Abstract] OR hayfever[Title/Abstract]
OR hay fever[Title/Abstract])

that considered greenspace metrics, air pollu-
tion metrics, and asthma or allergic endpoints
were included. If greenspace was the main
exposure, air pollution had to be treated as a
confounder, a mediator, or an effect modifier.
If air pollution was the main exposure, vege-
tation had to be treated as a confounder, a
mediator, or an effect modifier. Studies with
any analysis unit and any greenspace and air
pollution metrices were eligible. Studies with-
out data on human subjects (e.g., modelling
studies), studies with only abstracts (confer-
ence abstracts), and reviews were excluded.

Data charting

Data on the following study characteristics
were extracted: name of the first author and
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the publication year; study design; number of
participants, country; age of participants; al-
lergic outcomes; air pollution metrics; green-
space metrics; and reporting of results.

RESULTS
Characteristics of included studies

The author identified 18 epidemiological stud-
ies that considered co-exposures to greens-
pace and air pollution in relation to allergic
endpoints (Table 1). The studies were pub-
lished during the last seven years, between
2014 and 2021. Eight studies were cross-sec-
tional'>?2, four studies were longitudinal*?2>,
one study was a combination of cross-section-
al and longitudinal design®, three studies
were case-control?”?°, and the remaining two
studies®®3! were ecological. Sample sizes of
the included studies ranged from 174 zip
codes®® to over 65,000 children?®.

Eight studies were conducted on European
data'#151924-2731 " four studies were of North
American origin'®17230 three studies origi-
nated from Asia'®2%28 two studies were based
on Australian and New Zealand data?'?3, and
finally, one study combined data from Eu-
rope, North America, and Australia®.

All included studies treated greenspace met-
rics as main exposures. In the majority of
analyses (n = 11), air pollution was consid-
ered to be a confounder of greenspace-aller-
gy relationships, while one study analysed
both confounding and mediating effects of
air pollution? and three studies treated air
pollution as a confounder and as an effect
modifier??23! (Table 1). Two studies analysed

only effect modification of air pollution!¥?>
and one study treated air pollution as only a
mediator®.

Outcomes

Asthma and asthma-like symptoms were the
most commonly studied outcome — 15 out of
18 studies focussed on it as the only health
endpoint or one of the endpoints!>1618-21.23-31,
Rhinitis and allergic rhinitis were consid-
ered as one of several outcomes by nine
studies!#1>1719.222426 Eour studies also includ-
ed sensitization#17?2%, The least studied was
eczema'>1824,

Vegetation metrics

Exposure to vegetation can be measured us-
ing various methods, and the included stud-
ies are very heterogenous in this respect. In
13 of the studies, satellite-derived general
level of vegetation (i.e., greenness), as defined
by the Normalised Difference Vegetation
Index (NDVI) or Soil-Adjusted Vegetation In-
dex (SAVI), was utilised as a single or one of
the exposure metrices*!517232529 Greenness
is the most convenient vegetation metric, as
it is rather easily derived from satellite imag-
ery, which is available for all continents and
free of charge unless it has a very high reso-
lution; hence, there is no surprise that green-
ness was the most used. Nine studies used
land use- or land cover-derived data on avail-
ability of structured green space!>1%21:24:26.2731,
One study used a novel naturalness index,
Distance to Nature (D2N)", which is an at-
tempt to take into account both built and nat-
ural environments. Finally, two studies have
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TaBLe 1. Characteristics and results of included epidemiological studies

Authors . Air pollution .
Sample size . Greenspace metric
(year) metric

Confounding/initial co-adjustment

1 Alcock et al.
(2017)*

2 Andrusaityte
etal.
(2016)7

3 Donovan et al
(201818

4 Douglas et al.
(2019)®

5  Fengand
Astell-Burt
(20172

6 Fuertes et al.
(2016/2

Cross-sectional
ecological

Nested case-control
study

Longitudinal study
within routinely
collected data and
semi-individual
exposure
assessment

Cross-sectional
ecological study

Cross-sectional
study

Multicentre
cross-sectional
study

England, UK

Lithuania

New Zealand

USA

Australia

Australia, Canada,
Germany,
The Netherlands
and Sweden

Presumably all
ages

4-6-year-olds

18-year-olds

Presumably all
ages

6-7-year-olds

6-8-year-olds and
10-12-year-olds

26,455 urban
residential
areas

1,489 children

49,956 children

2,347 census
tracts

4,447 children

13,016 children

Standardised
hospitalisation rates for
asthma in Lower-layer
Super Output Areas

Asthma ever

Asthma ever

Asthma emergency depart-
ment visits (AEDV)

Asthma according to
ISAAC definition

Allergic rhinitis (doctor
diagnosis or symptoms)
and aeroallergen
sensitization

NO,, S0, and
PM,

PM,,, NO,

25

Road density in
meshblock,
NO, in
meshblock

Diesel
particulate
matter (DPM)

Parent-reported
perceptions of
traffic volume
within close
proximity of
the household

NO, or distance
to major road

(1) Percentage of green space
and percentage of gardens and
(2) Tree density

(1) Normalised Difference
Vegetation Index (NDVI) in
100-m, 300-m and 500-m buffers
around current home address,
(2) Presence of park of 1 ha
within 1000-m from the current
home address

(1) Mean meshblock NDVI, (2)
Vegetation diversity defined by
number of natural, native, and
non-native land cover types

Min-max normalised acres of parks
and open space (PPOS) per
census tract

Quantity of green space available as
a percentage of land-use within
the SA2 of residence

NDVI in a 500-m buffer around the
current home address

Models were initially adjusted for NO,/SO, or PM, /S0, (impact
of confounding was not specifically checked). Reduced asthma
hospitalisation was observed in relation to all green exposures

Greenness was a risk factor for asthma. After additionally
adjusting for air pollutants, effect estimates became stronger
for children residing close to city parks in areas with low
exposure to greenness (before additional adjustment the
opposite was true)

Models were initially adjusted for air pollution and road density
(impact of confounding was not specifically checked).
Greenness and vegetation diversity were protective against
asthma, some non-native vegetation land cover classes
increased risk of asthma

Models were initially adjusted for DPM and PPQS (impact
of confounding was not specifically checked), DPM was
associated with increased AEDV while PPOS was related
to decreased AEDV

Living in places with perceived heavy traffic was a risk asthma for
asthma. Effect estimates of traffic perception did not change
after additional adjustment for green space quantity

Very heterogenous associations between NDVI and allergic
outcomes were observed, and this pattern was not clarified
by co-adjusting for NO,

(Continues on next page)
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TaBLE 1. Characteristics and results of included epidemiological studies (Continuation)

Authors Air pollution
Sample size Greenspace metric
(year) metric

7 Gemesetal.  Cross-sectional

(2019)7 study
8 Hsieh et al. 1:1 matched Taiwan
(2019)% case-control study
with semi-individu-
al exposure
assignment
9  Laiand Cross-sectional USA
Kontokosta ecological study
(20190
10 Lietal Cross-sectional China
(2019) study
1 Parmesetal.  Multi-centre Italy, France,
(2019)# longitudinal study Slovenia, and
Poland
12 Shihietal. 1:5 matched Canada
(2015)% case-control study

T-year-olds

0-18-years-olds

Presumably all

ages

12-15-years-olds

3-14-years-olds

0-5 years-olds and
6-10-years-olds

478 children

7,040, with
3,520 asth-
matics and
3,520 controls

174 zip codes

5,643 children

8,063 children

More than
65,000 children

Outdoor aeroallergen

sensitisation (overall, to

grasses, and to trees)
ever and current
allergic rhinitis

Ever diagnosed asthma

Asthma hospitalization
and emergency
department visit rates

Current asthma, ever
asthma, ever eczema,
and ever rhinitis

Current wheeze, lifetime
asthma, current
asthma, lifetime
allergic rhinitis, and
eczema

Incident asthma in
pre-school (0-5 years)
and school age
(6-10 years)

Traffic related
air pollu-
tion (TRAP)

€0, PM,; and
NO,

PM,;

P,

NOJPM,,

NO, NO,, PM, ;,
black carbon

(1) NDVI, tree cover and grass/shrub
cover in 400-m buffers around
current home address

Coverage by the mean NDVI ahove
0.4 on the township level treated
as categories of 0-20%, 21-40%,
41-60%, 61-80%, and 81-100%

Relative allergenicity (measured as
the proportion of trees with
severe pollen allergen divided
by the total number of street trees
in a given area)

(1) NDVI in 100-m, 200-m, 500-m
and 1,000-m around current home
address and (2) distance to the
nearest park in quartiles from
the current home address

CORINE-derived green space cover
(and also specifically agricultural
space, forest cover, coniferous
forests, deciduous forests and
mixed forests) in 100-m, 300-m,
500-m, and 1,000-m buffers around
residential addresses

NDVI in the 100-m buffer around
postal code at birth

Models were initially adjusted for TRAP, but crude estimates also
shown, and they were similar to the estimates from the main
models. Grass coverage was associated with an increased risk
of sensitization to grass pollens, trees tended to have an
opposite, albeit non-significant effects

Models were initially adjusted for air pollutants (impact of
cofounding was not specifically checked), and residing at
townships with more greenness was related to occurrence
of asthma, but not at the highest tertile

Models were initially adjusted for PM,; (impact of cofounding
was not specifically checked), and relative allergenicity was
related to increased asthma emergency department visits

Living closer to parks was related to lower odds of current and
ever asthma, and these results did not change after additional
adjustment for PM, ,

More green space and more coniferous forests were related to
increased odds of asthma, wheeze, and allergic rhinitis. Further
adjustment of the analyses for residential outdoor air pollution
did not change the estimates for the associations between land
cover features and outcomes

Higher perinatal greenness was related to lower incidence of
asthma in preschool age. Accounting for contemporaneous
co-exposures to air pollutants enhanced the effect of
greenness on incident asthma

(Continues on next page)
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TaBLE 1. Characteristics and results of included epidemiological studies (Continuation)

Authors Air pollution
Sample size Greenspace metric
(year) metric

13 Tischeretal.  Muticentre Spain, Germany, 4-years-olds 14,364 children ~ Asthma, allergic rhinitis, NO, and Combination of lifetime residential The factor described by “outdoor exposure” (NO,, distance
(2018) cross-sectional Sweden and wheeze dlstance to mean NDVI and presence of to major road, greenness, and green land use) S|gnn‘|cantly
study the major green space in 300-m buffer increased the risk for bronchitis within the first year
road together with air pollution
markers
14 Tischeretal.  Cross-sectional for Spain 4-year-olds 2,472 children Asthma, allergic rhinitis, NO, NDVI and presence of green space After additional adjustment for NO, exposure at the first year
(20178 asthma and and wheeze in 300-m buffer around a current of life, the association between exposure to higher residential
allergic rhinitis, address surrounding greenness and wheezing was found to be slightly
and repeated stronger in the Euro-Siberian region
measurements for
wheeze
15 Zengetal Cross-sectional China Schoolchildren 59,754 children Current asthma and PM,,, NO, (1) NDVI'in 30-m, 100-m, 300-m, Effect estimates did not change after the additional individual
(2020)2 with mean age current wheeze 500-m and 1000-m around current adjustment for NO, and PM,. Greenness was protective
103 £ 36 years school address and (2) Soil-Ad- against asthma and wheeze

justed Vegetation Index (SAVI)
n 30-m, 100-m, 300-m, 500-m and
1000-m around current school

address
Mediation
1 Dzhambov Cross-sectional Austria and Italy 8-12-years-olds 1,251 children Current asthma NO, (1) NDVI, (2) tree canopy cover, Higher naturalness and greenness, as measured by different
etal. symptoms, ever asthma (3) agricultural cover, (4) presence indicators, were associated with lower prevalence of current
(2020)® symptoms, ever allergic of domestic garden and asthma symptoms through lower NO, levels
rhinitis (AR) symptoms, (5) naturalness index (Distance
and ever eczema to Nature, D2N) in 500-m buffer
symptoms around a current home address
and in 100-m buffer around a
current school address
2 Zeng et al. Cross-sectional China Schoolchildren 59,754 children Current asthma and PM,, PM,,, (1) NDVI in 30-m, 100-m, 300-m, Reduced air pollution, especially PM, and PM,; mediated the
(2020)2 with mean age current wheeze PMm, NO, 500-m and 1000-m around current inverse associations between school greenness and asthma
10.3 + 36 years school address and (2) SAVI (up to 95% of associations) but not wheezing in schoolchildren

n 30-m, 100-m, 300-m, 500-m and
1000-m around current school
address

(Continues on next page)
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TaBLe 1. Characteristics and results of included epidemiological studies (Continuation)

Authors . Air pollution .
Sample size . Greenspace metric
(year) metric

Effect modification
1 Alcock et al. Cross-sectional England, UK Presumably all 26,455 urban Standardised NO,, S0, and (1) Percentage of green space Increases in tree density were associated with greater reductions
(2017 ecological ages residential hospitalisation rates for PM,, and percentage of gardens and in asthma hospitalisation when NO,, PM,; and SO, were higher
areas asthma in LSOAs (2) Tree density and had no benefit when they were very low. In contrast, there
was some (limited) evidence that increases in green space and
gardens were associated with greater reductions in asthma
hospitalisation when NO, and PM,  exposure were lower.
2 Feng and Cross-sectional Australia 6-7-year-olds 4,447 children Asthma according to Parent-reported ~ Quantity of green space available as  Among children considered to he exposed to high traffic volumes
Astell-Burt study ISAAC definition perceptions of a percentage of land-use within and areas with 0 to 20% green space quantity, the odds ratio of
(2017),, traffic volume the SA2 of residence. asthma was 1.87 (5% Cl 1.37 to 2.55). However, the association
within close between heavy traffic and asthma was lower for participants
proximity of living in areas with over 40% green space coverage (odds ratio
the household for interaction 0.32, 95% CI 0.12 to 0.84). No association
between asthma and green space coverage was ohserved for
participants not exposed to heavy traffic
3 Fuertes etal. ~ Multicentre Australia, Canada, ~ 6-8-year-olds and 13,016 children Allergic rhinitis (doctor NO, or distance ~~ NDVI in a 500-m buffer around the Very heterogenous associations between NDVI and allergic
(2016)2 cross-sectional Germany, 10-12-year-olds diagnosis or symptoms) to major road current home address outcomes were ohserved, and this pattern was not clarified
study The Netherlands and aeroallergen by stratifying for NO,
and Sweden sensitization
4 Fuertesetal.  Longitudinal cohort Germany 10-year-olds 5,803 children Allergic rhinitis, eyes and ~ PM, and NO, NDVI'in a 500-m buffer around In the urbanized area, risk estimates increased from null to
(2014) with repeated nose symptoms different addresses, including birth significantly elevated with increasing PM, tertiles. For the rural
measurements on and aeroallergen and current address area, risk estimates increased with increasing PM,  tertiles, but
allergic outcomes sensitisation from significantly protective to null. Risk estimates were
significantly below one in the lowest NO, strata for this area
0 Markevych Longitudinal cohort Germany 15-year-olds 631 children Asthma and allergic rhinitis, NO, and ozone (1) NDVIin 500-m buffer around birth ~ Trees and allergenic trees were associated with a higher
etal. (2020  with repeated sensitization to address, (2) Number of all trees from ~prevalence of allergic rhinitis when NO, levels were
measurements on aeroallergens and food the tree registry around birth comparatively high or ozone was comparatively low
allergic outcomes allergens address, and (3) Number of

Cl: confidence interval; NO,: nitrogen dioxide; ISAAC: International Study of Asthma and Allergies in Childhood; PM: particular matter; SA2: statistical local areas level 2; SO, sulphur dioxide.

allergenic trees (two definitions)
around birth address
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employed information on allergenic trees®°,
although they used different approaches to
decide on tree allergenicity.

Air pollution metrics

Quality of air pollution is characterized by
concentrations of various pollutants, or by us-
ing traffic proxies. Most of the included stud-
ies considered at least two metrics (n = 12)
and only 6 studies operated on only one air
pollution metric (Table 1). Most of studies
(n = 13) have employed nitrogen dioxide (NO,)
as one of or the only air pollution met-
rics!# 151920222931 and one study also considered
nitrogen oxides (NO)?. Eight studies used par-
ticulate matter with aerodynamic diameter
< 2.5 pm (PM, )"*18202731 Four studies uti-
lised objectively measured or perceived traf-
fic indicators as proxies for air pollution!®2123,
Two studies included particulate matter with
aerodynamic diameter < 10 um (PM,) as one
of the air pollution indicators?**?. One per pol-
lutant study has also considered: diesel partic-
ulate matter', traffic-related air pollution with-
out specification’, carbon monoxide (CO)%,
black carbon?®, sulphur dioxide (SO,)*', par-
ticulate matter with aerodynamic diameter
<1 um (PM)¥, and ozone®.

Confounding studies

Out of 15 studies that considered air pollution
to be a confounder in relationship with aller-
gy, nine studies explicitly checked how effect
estimates changed after additional adjustment
for air pollutants!71820-22242627.29 Tn three studies
in Lithuania?, Canada® and Spain?® addition-
al adjustment enhanced identified protective

associations of greenspace on asthma or asth-
ma-like symptoms. Six other studies from di-
verse world regions reported no change in
association when simultaneous adjustment

for air pollution and greenspace was consid-
ered1718,20-22,24

The remaining six studies (Table 1) initially
corrected their models for air pollution con-
centrations, and impact of confounding by air
pollution is unknown in those cases. In two
studies, prevalence of asthma outcomes was
lower in greener settings!®?3, while four other
studies reported higher allergic risk among
residents of more vegetated areas!®*25:%,

Figure 1 shows more details on these results,
separately for every group of outcomes. When
rhinitis, sensitization, or eczema were consid-
ered, no confounding was observed, or the
impact of confounding was not checked spe-
cifically. Vegetation tended to be not associat-
ed with these outcomes or show harmful ef-
fects. In the case of asthma, vegetation tended
to be a beneficial exposure. Air pollution was
a confounder in three studies.

Mediation studies

Only two studies — one in China* and an-
other in Austria and Italy"™ — considered air
pollution a variable on the pathway between
greenspace and asthma, and both found
that air pollution partially mediated this as-
sociation. While the Austrian-Italian study
checked mediation only by NO,, the Chi-
nese study employed four air pollutants,
and all four of them were reported to me-
diate the association with asthma, but not
with wheezing. No mediation for rhinitis or
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Rhinitis

no association & no confounding (n = 5)

+association & no confounding/unchecked

(n=1)

-association & no confounding/unchecked

(n=2)

)

Asthma

no association & confounding (n = 3)

+association & no confounding/unchecked
(n=4)

-association & no confounding/unchecked
(n=3)

+association & confounding (n = 3)

Wy
S WY

Eczema

0 association & 0 confounding (n = 2)

Ficure 1. Summary of the findings from the confounding studies.

a0
A

Air pollution

FH-

Asthma
& allergy

Sensitization

no association & confounding (n = 1)

+association & no confounding/unchecked
(n=1)
-association & no confounding/unchecked
(n=2)

/

© Anna Brygider

“+association” refers to a “beneficial association”, “-association” refers to a “detrimental association”.

eczema was observed in the study of Dzham-
bov et al.”® (Fig. 2).

Effect modification studies

Perhaps, the most informative were studies
that considered interaction effects of vegeta-
tion and air pollution. In the two-centre Ger-
man study by Fuertes et al'%, longitudinal
associations between greenness and allergy
differed depending seemingly on the area ur-
banicity. When effect modification by particu-
late matter with diameter < 2.5 um (PM, ) was

considered, the associations between green-
ness and all considered allergic endpoints were
more detrimental in more polluted settings.
Just in the urbanized Munich area, the asso-
ciations shifted from null in the residents of
the lowest PM, . tertile to detrimental in the
highest PM, . tertile, while in the rural Wesel
area, the associations were protective in the
lowest PM, . tertile and null in the highest
PM, . tertile. Interestingly, this trend was not
present when NO, was considered instead of
PM, .. In another German study®, the direc-
tion of effect modification depended on the
considered air pollutant. While NO, enhanced
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Rhinitis

+association, no mediation
(n=1)

J

Asthma

+association, mediation
(n=2)

Vegetation Asthma

Ny /

& allergy

Air pollution

e )
< apod-

Eczema

no association, no mediation

(n=1)

Ficure 2. Summary of the findings from the mediation studies.
“+association” refers to a “beneficial association”.

detrimental associations between trees and al-
lergenic trees and allergic rhinitis, the opposite
trend was evident for ozone.

In one Australian study?', no association was
observed between residing in areas with high-
er green cover in the general population. Chil-
dren from the least green areas exposed to
heavy traffic volumes were at higher risk of hav-
ing asthma, while children exposed to heavy
traffic but living in green areas, had a lower
risk of asthma. This observation was partially
in line with an England-based study® where
greater reductions in asthma hospitalisations

© Anna Brygider

were observed in more polluted with NO,,
PM, . and SO, urban areas.

The multicentre study by Fuertes et al.?? ob-
served mixed associations between living in
more vegetated areas and odds of having al-
lergic rhinitis or aeroallergen association, which
seemingly depended on urbanisation. How-
ever, statistical tools in hand could not clarify
this trend, including the check of potential
effect modification by air pollution levels.

Figure 3 is an attempt to generalise the compli-
cated findings above for each of the outcomes.
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Rhinitis

no effect modification (n = 1)

stronger protection/less harm with T air pollution

(n=1)

more harm/weaker protection with | air pollution

(n=2)

)

Asthma

no effect modification (n = 1)

stronger protection/less harm with T air
pollution (n = 2)

more harm/weaker protection with | air
pollution (n = 1)

Ficure 3. Summary of the findings from the effect modification studies.

Stronger beneficial or weaker harmful effects
of vegetation on asthma and allergic outcomes
were observed in three studies. Weaker ben-
eficial or stronger harmful effects of vegeta-
tion on asthma and allergic outcomes were
observed in four studies. Four studies did not
reveal any pattern.

DISCUSSION

Among the identified 18 studies, two studies
indicate that vegetation reduces air pollution
and is therefore protective against asthma
(mediation). The results of three studies indi-
cate that the protective effects of vegetation

Vegetation

W,

Air pollution

FH~

Asthma Sensitization

& allergy

no effect modification (n = 2)

more harm/weaker protection with | air
pollution (n = 1)

© Anna Brygider

on asthma are due to the absence of pollution
(confounding). Four studies identified vary-
ing patterns of effect modification between
greenspace and air pollution with allergic
outcomes. The remaining studies reported no
interplay between vegetation and air pollu-
tion in relation to allergy.

Although there is consensus on the interrela-
tion between air pollution and vegetation, the
nature of it is a matter of scientific dispute
across various disciplines. One group of sci-
entists claim that the reported associations
between greenspace and allergy, as reported
by many studies, are non-existent per se and
reflect an inverse spatial correlation between
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vegetation and air pollution®. Indeed, there are
typically no traffic arteries or industries in
parks, gardens, or other highly vegetated areas.
Summarising the evidence from confounding
studies included in this review, it is hard to
agree that associations between greenspace
and allergy can be explained by air pollution.
Air pollution seems to either not affect the
greenspace-allergy link, or to even enhance it
(the so-called positive confounding). Yet, most
of the studies in this review did not compare
effect estimates prior to and after adjustment
by air pollution; therefore, it is hard to be
certain.

Mainly driven by modelling studies, another
group of scientists support the notion that
vegetation actively reduces concentrations of
air pollutants®. Theoretically, this reduction
can occur by the deposition of air pollutants
on leaf surfaces and the subsequent uptake
by leaf stomata, as well as by modification of
air circulation, but a few existing experimen-
tal studies do not always support this'®. For
instance, trees may well trap air pollutants
in street canyons, thus, the spatial arrange-
ment of vegetation is not to be neglected'.
Among the identified literature included in
this review, two studies formally tested me-
diation by air pollution of the greenspace-
asthma relationship, and both reported par-
tial mediation. Perhaps, even if vegetation
can actively remove only a very little portion
of air pollution®, this can still explain part of
the greenspace-allergy relationship. More me-
diation studies to validate this assumption are
needed.

Apparently, not only the residential amount
of vegetation plays a role in developing aller-
gic conditions, but also species composition,

most of all, their allergenicity'®?. Air pol-
lutants can modify the viability, germination,
and chemical composition of pollen grains®.
Molecular studies have reported that allerge-
nicity of the many common species, as test-
ed by Immunoglobulin E (IgE) reactivity, in-
creased after treatment by NO,, and there
is some evidence for ozone as well®. Yet
only three reviewed studies?®?>% attempted
to disassemble the association between aller-
genic vegetation and allergy from the ef-
fects of all vegetation on allergy. Only one of
the above studies® explored interaction be-
tween allergenic vegetation and air pollution
and detected it in the expected direction
— that detrimental effects of allergenic vege-
tation on the development of allergic rhinitis
were stronger in more polluted with NO, set-
tings. This finding was partially in line with
only one another included study'. The rest
of the effect modification studies revealed
differing patterns. Overall, if to assume pol-
len-air pollution interactions as a driving
mechanism here, one would expect more
harmful or less beneficial effects of vegetation
on asthma and allergy in more polluted set-
tings. But this was the case in only one third
of the associations. I might only speculate
that the four out of five included effect mod-
ification studies did not operate on any spe-
cific definitions of vegetation and were con-
ducted in settings with different urbanicity.
In Markevych et al.?®> we observed that a big
fraction of the tree vegetation of the city of
Leipzig was allergenic, in comparison to ru-
ral surroundings of the city. Definitely, effect
modification by air pollution of the associa-
tion between greenspace and allergy should
be further explored, and studies should pref-
erably use more specific data on vegetation
and its allergenicity. Interestingly, the recent
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review on air pollution and pollen interac-
tions in relation to respiratory health also
concludes on the weak evidence for this in-
teraction in epidemiological studies'?.

The current review includes very heteroge-
nous studies on interplay between vegetation
and air pollution in relation to asthma and
allergic outcomes. One difficulty identify-
ing relevant studies was that commonly, con-
founding, mediation, and effect modification
checks are considered to be additional anal-
yses in epidemiological studies. Thus, these
results are not mentioned in the Abstract, and
often are only briefly mentioned in the Re-
sults section with the effect estimates being
provided in the Supplement, if at all. All texts
of potentially relevant studies had to be at-
tentively checked manually but it is very like-
ly that not all studies were identified. The
systematic search only happened in PubMed,
and only by one person, each of which in-
creases the risk of overlooking relevant stud-
ies. Checks in personal records and following
publication alerts could not compensate for
this. It is not to mention that likely, the au-
thors of the included studies checked more
ways of air pollution and vegetation to inter-
play than what they reported (e.g., confound-
ing and mediation were both checked but
only mediation results ended up in the final
publication). If confounding, mediation or
effect modification was tested but findings
were null, these were likely to be not reported
either, which could have led to a publication
bias towards the existence of interplay be-
tween vegetation and air pollution in relation
to asthma and allergy. This review was lim-
ited to asthma and allergic outcomes only
and did not include studies on respiratory but
not allergic outcomes. Also, studies on pollen

and air pollution were outside of the scope.
Finally, since this narrative review was meant
to map the existing evidence rather than
quantitatively assess it, no formal assessment
of the risk of bias of the included studies was
performed.

CONCLUSION

Exposure to vegetation tends to be protective
against asthma, but the findings are mixed
for allergic outcomes. Surprisingly, the role
of air pollution in this association has been
rarely researched in epidemiological studies.
Based on the scarce available evidence it is
premature to make any definite conclusions
yet. More studies testing confounding, media-
tive, and effect modifying effects of air pollu-
tion on the association of interest are needed.
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