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Abstract

Air pollution is one of the biggest environmental threats for asthma. Its impact is aug-
mented by climate change. To inform the recommendations of the EAACI Guidelines
on the environmental science for allergic diseases and asthma, a systematic review
(SR) evaluated the impact on asthma-related outcomes of short-term exposure to out-
door air pollutants (PM2.5, PM10, NO,, SO,, O, and CO), heavy traffic, outdoor pes-
ticides, and extreme temperatures. Additionally, the SR evaluated the impact of the
efficacy of interventions reducing outdoor pollutants. The risk of bias was assessed
using ROBINS-E tools and the certainty of the evidence by using GRADE. Short-term
exposure to PM2.5, PM10, and NO, probably increases the risk of asthma-related
hospital admissions (HA) and emergency department (ED) visits (moderate certainty

evidence). Exposure to heavy traffic may increase HA and deteriorate asthma control

Abbreviations: AHR, airway hyperresponsiveness; AQl, air quality index; Cl, confidence interval; CO, carbon monoxide; EAACI, European Academy of Allergy and Clinical Immunology;
ECAT, elemental carbon attributed to traffic; ED, emergency department; FEV1, forced expiratory flow in the first second; GDG, guideline development group; NH,, ammonia; NO,,
nitrogen dioxide; O, ozone; OP pesticides, organo-phosphoric pesticides; OR, odds ratio; PEF, peak expiratory flow; PM, particulate matter; Q, question; QoL, quality of life; ROB, risk
of bias; ROBINS-E, Risk Of Bias In Nonrandomized Studies-of Exposure; RR, risk ratio; SE, standard error; SO,, sulfur dioxide; SOF, summary of findings; SR, systematic review; TRAP,
traffic related air pollution; WHO, World Health Organization.
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(low certainty evidence). Interventions reducing outdoor pollutants may reduce

asthma exacerbations (low to very low certainty evidence). Exposure to fumigants

may increase the risk of new-onset asthma in agricultural workers, while exposure to

1,3-dichloropropene may increase the risk of asthma-related ED visits (low certainty

evidence). Heatwaves and cold spells may increase the risk of asthma-related ED visits

and HA and asthma mortality (low certainty evidence).
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1 | INTRODUCTION

Asthma is one of the most prevalent chronic diseases and represents
a global public health problem affecting over 300 million people
worldwide, with an estimated further increase of 100 million by
2025.%2 Asthma is a typical environmental-driven disease with ex-
posure to infections, allergens, pollutants, and other environmental
stressors significantly increasing the risk of new-onset asthma and of
asthma exacerbations or other asthma-related adverse outcomes.®”

Inhalable air pollutants, such as particulate matters (PMs) with an
aerodynamic diameter equal to or less than 2.5 um (PM2.5) and equal
to or less than 10pm (PM10), ozone (O,), nitrogen dioxide (NO,), sul-
fur dioxide (SO,), and carbon monoxide (CO), have become recog-
nized as one of the biggest environmental threats to human health,
as acknowledged by the most recent World Health Organization
(WHO) global air quality guidelines.8 Other important outdoor pol-
lutants are volatile organic compounds, ammonia, methane, hydro-
carbons, black carbon, and ultrafine particles of nanoscale size (less
than 0.1 um). Outdoor air pollutants are emitted by vehicles, heating
systems, industry, refineries, thermoelectric power plants, agricul-
ture, etc. They can also be generated by natural phenomena such as
fires, volcanic eruptions, dust storms, erosion, etc.%®

Although outdoor air pollution almost always occurs as a mix-
ture, and in combination with other triggers (microbes and/or al-
lergens), air quality is regulated for each individual component.®
Consequently, observational or intervention studies have been
focused on individual pollutants. This is contrast with large epide-
miological studies which inherently involve exposure to mixtures
of pollutants and other triggers—the exposome.” With increasing
attention to traffic-related air pollution (TRAP) as the exposure of
interest, a shift has occurred away from a focus on individual com-
ponents of the pollution mixture, and more lately, to the exposomics
as provider a risk profile instead of single predictors.7

Individual air pollutants have been linked for a long time to
asthma exacerbations and other asthma-related adverse outcomes
such as loss of asthma control, increased healthcare resource uti-
lization, low lung function, or decreased quality of life (QoL)fw'15
Additionally, there is an emerging body of evidence about the influ-
ence of TRAP on asthma.’®!” At high concentrations, such as those
noted in megalopolises from developing or low-income countries,

air pollutants might have direct irritant and inflammatory effects on

airway epithelium and neuroreceptors, but such levels of exposure
are rarely reported in developed countries. At the lower concentra-
tions that are more typical in high-income countries, other mech-
anisms are probably in operation.18 Specific pollutants can induce
airway inflammation (e.g., O5, NO,, and PM 2.5) and airway hyper-
responsiveness (AHR) (O, and NO,).**8"2 Increased oxidative stress
(a feature of severe asthma) has been associated with exposures to
0O,, NO,, and PM 2.5.42% Recent data show that the damage to the
epithelial barrier initiates innate and adaptive immune responses,
microbiome alterations, followed by chronic inflammation.?>"%7
Genetic and epigenetic variation, atopic background, and allostatic re-
sponses may explain the differences in how people with the same level of
asthma severity and control respond to air pollution exposure, highlight-
ing the need for better understanding of the environmental endotypes
of asthma.”28-30

In addition to the specific chemical characteristics of air pollut-
ants, another key question is whether short-term peak exposures
versus time-weighted averages over longer time periods are as-
sociated with increased risk of adverse asthma outcomes. Recent
evidence points to peak exposures being more important than
long-term exposure, although more data are needed to address this
question.31"33

Several clinical and epidemiological studies have reported an as-
sociation between exposure to pesticides, AHR and asthma symp-
toms, although the causal relationship is still under debate.’*%° In
the form of aerosols or gases, pesticides damage the epithelial bar-
rier and stimulate irritant receptors in the airways with neurogenic
inflammation that adds to the chronic inflammation in asthma lead-
ing to exacerbation or loss of control.24*#%¢ Organophosphorus (OP)
insecticides can enhance AHR by disrupting the negative feedback
control of cholinergic regulation in the lungs.34%7%8

As a direct result of climate change extreme temperatures (heat
waves and cold spells) are increasing in intensity, frequency, and du-
ration causing significant stress in all living organisms. The biological
impact of extreme temperatures (structural changes, enzyme func-
tion disruption, and damage through reactive oxygen or nitrogen
species) can be mitigated through adaptive mechanisms such as the
generation of heat shock proteins, antioxidants, and others; how-
ever, these mechanisms may likely become inadequate with further
global warming.®?~*! Extreme temperatures may pose considerable

impact on asthma. A recent systematic review (SR) evaluated 111



eligible studies in the qualitative synthesis, and 37 articles were in-
cluded in the meta-analysis (20 for extreme heat, 16 for extreme
cold, and 15 for temperature variations). Synergistic effects of ex-
treme temperatures, indoor/outdoor pollution, and individual vul-
nerabilities were reported as important triggers for asthma attacks,
especially when there is extreme heat or cold. Meta-analysis further
confirmed the associations, and the pooled relative risks for asthma
attacks in extreme heat and extreme cold were 1.07 (95%Cl: 1.03-
1.12) and 1.20 (95%Cl: 1.12-1.29), respectively.*?

The aim of this SR and meta-analysis was to synthesize and up-
date the current scientific evidence on the impact of short-term ex-
posure to outdoor air pollution, heavy traffic, outdoor pesticides,
and extreme temperatures on the risk of developing new-onset
asthma and on asthma-related outcomes. In addition, it assessed the
efficacy of interventions to reducing outdoor pollutants. Other com-
ponents of the exposome such as airborne allergens or viruses were
not included, although we acknowledge their reciprocal interaction
with the exposures assessed in this SR.

This research was conducted to inform the recommendations
enclosed in the clinical care guidelines developed by the European
Society of Allergy and Clinical Immunology (EAACI) on the environ-
mental science for allergic diseases and asthma.

2 | METHODS

2.1 | Structured questions and outcome
prioritization

The Guideline Development Group (GDG) framed seven clinical
questions (Q): (Q1) “Does exposure to outdoor air pollutants im-
pact asthma-related outcomes?”; (Q2): “Does heavy traffic impact
asthma-related outcomes?”; (Q3) “Does reduction of outdoor air pol-
lution impact asthma-related outcomes?”; and (Q4): “Does exposure
to outdoor pesticides increase the risk of new-onset asthma?”; (Q5)
“Does exposure to pesticides impact asthma-related outcomes?”;
(Q6) “Does exposure to extreme temperatures increase the risk
of new-onset asthma?”; and (Q7) “Does exposure to extreme tem-
peratures impact asthma-related outcomes?”. The population was
defined as children and adults with asthma for all clinical questions
except questions 4 and 6 where the population were healthy children
and/or adults. The asthma-related outcomes were prioritized by the
GDG using a 1-9 scale (7-9: critical; 4-6: important; and 1-3: of lim-
ited importance), as suggested by the GRADE approach. The critical
outcomes were severe asthma exacerbations (defined by the occur-
rence of emergency department [ED] visits, hospital admissions or
systemic steroid use), asthma control, and QoL. Important outcomes
for were lung function (assessed by the forced expiratory volume
in 1s [FEV1] and/or peak expiratory flow [PEF]), severity of asthma
symptoms, and use of asthma rescue medication (Table 1). For ques-
tions 4 and 6 assessing the risk of new-onset asthma, the outcomes
evaluated were incident asthma, incident recurrent wheezing, and

low lung function (all considered of critical importance).
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2.2 | Search methodology

Electronic search queries were applied to the following databases:
(1) MEDLINE (last search date: June 02, 2022); (ii) EMBASE (June 13,
2022), and (iii) Web of Science Core (June 02 2022). Three search
strategies were built—(i) for outdoor pollutants and TRAP (Q1, Q2,
and Q3); (ii) for outdoor pesticides (Q4 and Q5); and (iii) for extreme
temperatures (Q6 and Q7). Search algorithms were adapted to the
requirements of each database (Tables S1A-S1C). Additionally, stud-
iesincluded in previous SRs were reviewed, together with GDG con-
sultation for missing any potential study that could be included.

In particular, the SRs followed the quality criteria as defined by
the AMSTAR-2 tool.*® These criteria require the SR to search on at
least two biomedical databases, to explicit report the results and to
assess the risk of bias (ROB) of the studies included. A good quality

44

SR on the impact of outdoor pollution (Q1) was identified™ with re-

porting concordant with the current SR protocol.

2.3 | Eligibility criteria and selection of studies

This SR included observational studies (cohorts, case-control, eco-
logical, time-series, and case-crossover studies) that either measured
exposure to outdoor air pollution at short term (Q1), TRAP (Q2), out-
door pesticides (Q4 and Q5), or extreme temperatures (Q6 and Q7)
or interventions that intended to reduce mean daily air pollutants
(i.e., below the WHO recommended thresholds) over a geographical
area, such as vehicle traffic restrictions, traffic exclusion areas, or
confinements (Q3). Studies that measured the change in pollutant
concentrations were also included for Q3. For Q5, only studies that
used a rigorous definition of cold spells and heatwaves (i.e., a short
period of time where the temperature is below the fifth percentile,
or above the 95th percentile of the mean temperature distribution
across the entire year) were included. For Q4 and Qé6, cohort studies
were prioritized. Reviews, abstracts, or conference communications
not published as full articles in peer review journals, and publications
in a language other than English were excluded.

Based on the eligibility criteria, one reviewer screened the re-
sults of the primary search based on title and abstract, to identify
potentially eligible studies. After initial calibration, two reviewers
confirmed eligibility based on the full text assessment of each of the
potentially relevant articles. Disagreements were consulted with a
third reviewer.

2.4 | Dataextraction and ROB assessment

After calibration, one reviewer used a predesigned extraction form
for the relevant data from eligible studies. In particular, study design,
method used for pollutant measurement, study location and time
period, number and age group of asthma patients, exposure defini-
tions/thresholds, assessed outcomes and their definition, and effect
estimates and their 95% confidence intervals (Cl) were thoroughly
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described. A second reviewer performed a quality control of the
data extraction process. Disagreements were consulted with a third
reviewer.

One reviewer assessed the ROB of included studies, and a
second reviewer performed a quality control of that assessment.
Disagreements were solved by consensus. For non-comparative stud-
ies assessing exposure to outdoor pollutants, TRAP, pesticides and
extreme temperatures, the Risk of Bias In Nonrandomized Studies-of
Exposures (ROBINS-E) tool was used for the ROB evaluation.*
ROBINS-E includes the following domains: (1) bias due to confounding,
(2) bias in selection of participants, (3) bias in classification of expo-
sures, (4) bias due to departures from intended exposures, (5) bias due
to missing data, (6) bias in measurement of outcomes, and (7) bias in se-
lection of reported results. For comparative cohorts, the Risk of Bias In
NonRandomized Studies-of Interventions (ROBINS-I) tool was used.*¢
The seven items included in ROBINS-I are: (1) bias due to confound-
ing (e.g., time-varying confounding that occurs when the intervention
received can change over time, variability in administrative data col-
lection), (2) bias in selection of participants, (3) bias in measurement
classification of interventions, (4) bias due to deviations from intended
interventions, (5) bias due to missing data, (6) bias in measurement of
outcomes, and (7) bias in selection of reported results.

For the assessment of the “bias due to confounding” domain,
low RoB was considered for those studies that included ambient
temperature and humidity in the analysis for outdoor pollutants ex-
posure, and at least two of the following in the analysis for TRAP ex-
posure: gender, age, race/ethnicity, socioeconomic status, residence
distance to the hospital, asthma controller use, and body mass index.
In addition to those variables, for pesticide exposure, smoking sta-
tus, allergic status, atopy, type of work (e.g., agricultural operations,
farming activities, etc), and exposure to dust were also considered.
For the risk of new-onset asthma following pesticides exposure, ma-
ternal allergy was also evaluated as a confounder. For exposure to
extreme temperatures, the SR considered a comprehensive evalu-
ation of the risk domain when the study reported on confounding
factors such as humidity or aridity, concomitant exposure to air pol-
lutants (e.g., NO,, O,, PM10, and PM2.5), and allergens (e.g., pollen).

2.5 | Data synthesis and analysis
Results were described narratively and tabulated as summary of
findings (SoF) tables. Risk ratios (RR) and odds ratios (OR) were used
as measures of effect. RR and their standard error (SE) or 95% con-
fidence intervals (Cl) were extracted from the studies. When the
latter was reported, standard techniques were used for calculating
SEs. When studies reported OR a “rare-disease assumption” was
made, thus OR were considered to approximate RRs.*” The percent-
age excess, increment, or change was also recalculated to reflect RR.
Estimates such as rate ratios, scaled beta coefficient (linear regres-
sion), and correlation coefficients were not included in the analyses.
When possible, a formal quantitative synthesis (meta-analysis)
was conducted by pooling estimates of effect across studies
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using the random effects model using the DerSimonian and Laird
method.*® For analyses based on <20 primary studies, the Hartung
and Knapp adjustment was used to estimate the 95%C1.* To fa-
cilitate comparisons across studies, the effects estimates were
standardized to a 10 mcg/m3 increase for all outdoor pollutants eval-
uated (PM2.5, PM10, CO, SO,, NO,, and O,) and stratified by single
day lag (defined as the time distance—in days between the exposure
to the pollutant evaluated and the occurrence of the asthma-related
outcome). The heterogeneity was assessed using the Higgins' I?
statistic.”® When possible, subgroups analyses were performed by
age (children [<18years], adults [218-65years old], and the elderly
[>65years]), asthma severity, air pollutant or pesticide type and ROB.

All statistical analyses were conducted with Stata v.15 software.

2.6 | Certainty of the evidence

The certainty (quality) of the evidence was rated for each outcome
as moderate, low, or very low, following the GRADE approach. The
evidence was not graded as high certainty as only observational studies
were included. The quality of evidence was evaluated following the
standard GRADE domains (ROB, imprecision, inconsistency, indi-
rectness, and publication bias).>!

3 | RESULTS

Overall, a total of 11,284 individual records were retrieved from da-
tabases searches for all questions (Figures 1-3). For Q1, 190 records
were selected for full text assessment and 148 studies were included
(67 from the previous SR and 81 from the new search) (Tables S2 and
S3). For Q2, 41 studies were selected for full text assessment and
12 studies were included*?%? (Table S4). For Q3, 23 studies were
selected for full text assessment and 10 studies were included®372
(Table S5). For Q4 and Q5, 55 studies were selected for full text assess-
ment and 19 studies were included (15 for Q4 and four for Q5)*>73-7°
(Tables S6 and S7). For Q6 and Q7, 139 studies were selected for full
text assessment. For Q6, no study was identified and 16 were included
for Q791'106 (Table S8). The studies excluded after full text assessment

and the reasons for exclusion are displayed in Table S9.

3.1 | Short-time exposure to outdoor air pollutants as
a risk factor for adverse asthma-related outcomes (Q1)
3.1.1 | Characteristics of studies included

The SR included 148 studies assessing the effect of exposure to air
pollutants in asthma-related outcomes. Most studies were conducted
in Europe (26%), China (22%), and the USA (20%). Most studies were
either ecological time-series (64%) or case-crossovers (32%), with pe-

riods covered ranging from 1 to 5years in most studies. Only 16%
of studies assessed periods longer than 10years. More than half of
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FIGURE 1 Study selection flowchart for air pollutants (CO, 0O,,NO,, PM, and 502) and TRAP.

the studies (55%) assessed participants of all age groups, with the re-
mainder assessing either only children (32%) or adults (9%). Table S10
presents a summary of the ROB assessment per domain for the stud-
ies included. There were only 14 studies classified as having a low
ROB in all assessed domains. The domains most frequently classified
as having a high risk of bias were those related to missing data (23%),
outcome measurement (20%), and confounding (10%).

All studies assessed either asthma ED visits or hospital admis-
sions with 0-4 lag days following exposure (Tables 2-7). No studies
assessing asthma control, asthma-related quality of life, lung func-
tion, asthma symptoms, and asthma medication were found.

3.1.2 | Severe asthma exacerbations:
asthma-related ED visits

Based on meta-analytical results, an increase in 10 mcg/m3 of
PM2.5 was associated with an increase in asthma-related ED vis-
its, either occurring at the same day (lag 0) (18 studies; RR=1.012;
95%Cl=1.001-1.023), at lag 1 (i.e., after 1day) (15 studies;
RR=1.013; 95%Cl=1.004-1.022), lag 2 (14 studies; RR=1.014;
95%Cl=1.004-1.025), lag 3 (14 studies; RR=1.023; 95%Cl=1.007-
1.039), and possibly 4 days after exposure (Seven studies; RR=1.016;
95%Cl1=0.996-1.037). This results in 452-846 more exacerbations
per 100,000 patients. The certainty of the evidence was considered
“moderate,” except for the association between exposure to PM 2.5
and ED visits 4days after (low certainty of the evidence) (Table 2,
Figure 4).

For the remaining pollutants (PM10, CO, NO,, O,, and SO,), a
nonsignificant trend between increased exposure and higher risk of
asthma-related ED visits was mostly found. However, evidence was
considered either of very low or low certainty (Tables 3-7). The only
exception was for the association between O, exposure and ED vis-
its atlag 1 (22 studies; RR=1.008; 95%Cl=1.004-1.012; resulting in
283 more exacerbations per 100,000 patients), for which evidence

was considered of moderate certainty.

3.1.3 | Severe asthma exacerbations:
asthma-related hospital admissions

Overall, in meta-analytical results, increased exposure to pollutants
associated with increased risk of asthma-related hospital admissions.
However, the association was not found to be significant for all as-
sessed time lags. The pollutants for which more consistent associa-
tions were found were PM10 and NO,,. In detail, for each pollutant,
the following increases in exposures were associated with a prob-

able increase in HA (with moderate certainty (Tables 2-7, Figure 5)):

e PM2.5: Increase in 10mcg/m® of PM2.5 measured on lag 3 (25
studies; RR=1.003; 95%Cl=1.000-1.006); 109 more exacerba-
tions per 100,000 patients.

e PM10: Increase of PM10 measured on lag 1 (21 studies; RR=1.006;
95%Cl=1.002-1.010), lag 2 (22 studies; RR=1.008; 95%Cl=1.003-
1.013), and lag 3 (21 studies; RR=1.004; 95%Cl=1.001-1.008)
(165-283 more exacerbations per 100,000 patients).



FIGURE 2 Study selection flowchart for pesticides.

e CO: Increase of CO measured on lag 2 (12 studies; RR=1.014;
95%Cl=1.008-1.021), and lag 4 (10 studies; RR=1.015;
95%Cl=1.006-1.025) (534-564 more exacerbations per 100,000
patients).

e NO,: Increase of NO, measured on lag 1 (26 stud-
ies; RR=1.003; 95%Cl=1.000-1.006), lag 2 (20 studies;
RR=1.005; 95%Cl=1.002-1.008), lag 3 (16 studies; RR=1.022;
95%Cl=1.002-1.044), and lag 4 (12 studies; RR=1.019;
95%Cl=1.004-1.035) (106-826 more exacerbations per 100,000
patients).

e O, Increase of O; measured on lag 1 (24 studies; RR=1.014;
95%Cl=1.007-1.021), and lag 2 (22 studies; RR=1.011;
95%Cl=1.004-1.019) (422-510 more exacerbations per 100,000
patients).

e SO,: Increase of SO, measured on lag 1 (18 studies; RR=1.020;
95%Cl=1.005-1.036; 740 more exacerbations per 100,000
patients).

The remaining associations, nonsignificant increases in the fre-
quency of hospital admissions were observed, with evidence being
classified as being of low certainty.
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It was not possible to conduct the subgroup analysis for adult
and pediatric population, due to the heterogeneous reporting of the
information. Visual inspection of forest plots did neither reveal sub-
stantial differences in the magnitude, nor direction of the effect, for

the pediatric population compared to the general population.

3.2 | Exposure to heavy traffic-derived pollutants
as a risk factor for adverse asthma-related
outcomes (Q2)

3.2.1 | Characteristics of studies included

The SR included 12 studies assessing the effect of exposure to TRAP
on asthma-related outcomes. Most studies were from USA (75%),
and the other two studies were from Australia and Mexico. Only one
study had a cross-sectional design, one was a case-control study,
and the rest were cohort studies. Most studies evaluated periods
between 1 and 5years (91%), and one had an observation period
of 11years. Two thirds of the studies assessed children, while the
remainder assessed either adults (17%) or participants of any age
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FIGURE 3 Study selection flowchart for extreme temperatures.

(17%). Most studies assessed TRAP exposure based on the distance
from the participants' residency to major roads (50%) or TRAP den-
sity in a prespecified area around the participant's residency (42%),
and only three studies assessed exposure to specific components
of TRAP, namely elemental carbon attributed to traffic (ECAT) and
NO,, NOx, and CO. Table S11 presents a summary of the risk of bias
assessment per domain. There were only seven studies classified as
having a low risk of bias in all domains assessed. There was only one
domain for which there was a “high risk of bias” classification (risk of
bias arising from measurement of the exposure).

Table 8 presents the summary of findings table for this associa-
tion. A meta-analysis could not be conducted due to substantial het-
erogeneity in the exposure assessment and in the method of analysis

used to estimate the effect indicators.

3.2.2 | Severe asthma exacerbations
(asthma-related ED visits and hospital admissions)

There were two studies in children (with a 12-month follow-up)
assessing the association between asthma-related hospital admis-
sions and either exposure to TRAP (OR=1.4; 95%Cl=0.9-2.2) or

proximity to major roadways (OR=2.45; 95%Cl=1.23-4.89).7>%
Evidence was considered of low certainty (Table 8).

Exposure to traffic (assessed by proximity to major roads and
traffic density) had an unclear impact (very low certainty) on the
risk of ED visits in children. However, all point estimates suggested
a positive (even if not always significant) association (ORs ranging
from 1.07 to 1.24) 175562

Lastly, traffic exposure assessed with either traffic density or
proximity to major roads was associated with a possible increase in
asthma exacerbations reported as a composite of asthma-related
hospital admissions, ED visits, and repeated outpatient visits both in
the general population® and in children.>*>¢ Evidence was classified

as low certainty.

3.2.3 | Asthma control

One study, including patients older than 65years of age, showed
that exposure to TRAP compounds may result in poorer asthma con-
trol (low certainty). Specifically, an increase in ECAT concentrations
from 0.39 to 0.51 mcg/m® was associated with a 0.5 unit increase in
the Asthma Control Questionnaire scores.””
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FIGURE 4 Forest plot of meta-analytical values for the
association between exposure to pollutant levels and asthma-
related emergency department attendance. CO, Carbon monoxide;
NO,, Nitrogen dioxide; O,, Ozone; PM, Particulate matter;

SO,, Sulfur dioxide.

3.2.4 | Quality of life

One study, including adults from 18 to 50years old, showed that
proximity to major roads may negatively affect asthma-related QoL
(low certainty). This study reported a negative association between
proximity to a roadway and asthma-related QoL (although results

were quite imprecise).52

3.2.5 | Lungfunction
Three observational studies assessed the impact of traffic expo-
sure on lung function, reported as FEV1 and PEF % predicted val-

ues. The association was found to be unclear and was classified
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FIGURE 5 Forest plot of meta-analytical values for

the association between exposure to pollutant levels and
asthma-related hospital admissions. CO, Carbon monoxide;
NO,, Nitrogen dioxide; O,, Ozone; PM, Particulate matter;
SO,, Sulfur dioxide.

as of very low certainty. Two studies reported an association
between better lung function and greater distances from major
roadways and lower traffic density in participants both under

53,60

18years and over 18 years.’? However, the estimates obtained

were imprecise.

3.2.6 | Asthma symptoms and medication use

Three observational studies reported increased frequency of symp-
toms (coughing and wheezing) and increased rescue medication use
following increased traffic exposure on but the estimates were im-

53,61

precise for both children and the general population,61 with evi-

dence classified as of very low certainty.
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3.3 | Impact of interventions to reduce pollutant
emissions on adverse asthma-related outcomes (Q3)
3.3.1 | Characteristics of studies included

The SR included 10 studies assessing the effect of interventions to
reduce pollutant emissions in asthma-related outcomes. The stud-
ies included were from North America (40%), Europe (30%), and
Asia (30%). Three studies reported the effect of the implementation
of policies for emission regulation on asthma, namely (i) changes in
fuel sulfur content and the makeup of gasoline, as well as a transi-
tion from coal to natural gas-generated electricity in the State of New
York,® (ii) air pollutant emission reduction policies in Seoul,®® and (jii)
the Emission Reduction Plan for Ports and Goods Movement in the
State of California.”? Three studies assessed the impact of transport

64,67,68

restriction related to the Olympic games, three studies re-

ported the effect of COVID-19 lockdown measures on air quality and

636970 and one study reported the impact of

asthma-related events,
air quality alerts program on asthma-related ED visits.”* Five studies
assessed both adults and children, three studies assessed only chil-
dren, and two only adults. Table S12 presents a summary of the risk
of bias assessment per domain. There were no studies classified as
having alow ROB in all assessed domains. There was only one domain
for which there was a “high ROB” classification due to confounding.
Table 9 presents the summary of findings. All primary studies
assessed severe asthma exacerbations as their outcome measure (ei-
ther assessed with asthma ED visits or with asthma hospitalizations).
The SR did not find studies assessing asthma control, asthma-related

QolL, lung function, asthma symptoms, and asthma medication.

3.3.2 | Severe asthma exacerbations:
asthma-related ED visits and/or hospital admissions

Five studies assessed the impact of interventions to reduce pollut-
ant emissions on severe asthma exacerbations as defined either by
ED visits or hospital admissions. Overall, the impact was found to be
unclear, with very low certainty evidence.

One study assessed the effects of a 5-year period (from 2008
to 2013) implementation of regulation policies on emissions and re-
ported that the lowest incidence rates for hospital admissions and
ED visits occurred during immediately after the implementation of
restrictions (1.11 per 1000 persons-year and 5.56 per 1000 person-
year by 2014 and 2016, respectively).®> Another study assessed the
impact of the emission reduction plan for ports and goods movement
and reported a lower frequency of asthma ED visits after implemen-
tation of the plan in comparison with the control area. Asthma ED
visits decreased with 7.8% (95%Cl=3.3%-17.8%) in the first year,
with 11.8% (95%Cl=1.1%-21.4%) in the second year, and with 14.8%
(95%Cl=4.4%-24.05%) in the third year after the implementation.”?
Of note, during the assessed period, there were greater changes in
NO, (but not in PM2.5) exposure among beneficiaries living in the
policy implementation area compared to the control area.”?

One study assessed the effect of minimizing road traffic conges-
tion during the Atlanta Olympic Games, and reported a reduction
in asthma-related ED visits (adjusted RR=0.48; 95%Cl=0.44-0.86)
and hospital admission (adjusted RR=0.93; 95%CI=0.71-1.22).%*

One study assessed the effect of the implementation of COVID-19
lockdown restrictions in Bologna, Italy, and reported a decrease of
40% in the pediatric asthma-related emergency referrals, compared
to the period of 2015 to 2019.% Additionally, the authors reported
that during the first lockdown period (March-May 2020), the total
acute asthma referrals decreased by 85% compared to the same pe-
riod in the previous 5years. During the second lockdown period (mid-
October-December 2020), there was a reduction of 51% in acute
asthma referrals compared with same period in the previous years.%®

Lastly, one study reported the effect of an air quality index
(AQI) alert program in Canada, which had criteria including daily
maximum AQI 250 and/or PM2.5<2.5 mcg and reported a reduc-
tion of asthma-related ED visits by 4.73 cases per 1000,000 people
per day (95%Cl=0.55-9.38). Program eligibility also led to a re-
duction of 2.05 (95% Cl=0.07-4.00) daily ED visits for asthma per
1000,000 people per day, corresponding to a relative reduction of
19% (95% =Cl 0%-34%).”!

One study assessed the effect of the implementation of emis-
sion reduction policies in Seoul both in adults and in children. Before
the implementation of emission reduction policies (2003-2006 pe-
riod), hospital visits rates had a steep increasing trend (from 20.72
to 26.16 per 100,000 inhabitants). This steep increase was halted
by the emission reduction policies as in the 2007-2011 period, the
increase was only 26.93-27.91 cases per 100,000.%° The evidence
was classified as being of very low certainty.

A different study assessed the effect of 1-month vehicle restric-
tions during the 2008 Beijing Olympic Games, and reported it to be
associated with a lower risk of outpatient visits for asthma (adjusted
RR=0.50; 95%Cl=0.47-0.55)%(low certainty).

Three studies assessed the effect of various interventions to
reduce pollutants on asthma-related hospital admissions. One
study reported the impact of traffic restrictions implemented
during the Summer Asian Games and showed a nonsignificant re-
duction in hospital admissions after 3weeks of the policy restric-
tion period (adjusted RR=0.73; 95%Cl=0.49-1.11).*” One study
assessing the effect of COVID-19 lockdown restrictions in Ireland
reported an adjusted RR of 0.73 (95%Cl=0.49-1.11) decrease
in asthma-related hospital admissions.®” A different study per-
formed in Greece found a significant reduction of hospital admis-
sions rates during the lockdown period compared to pre-lockdown
2020 or the control period (2019): The incidence rate (IR) of
asthma attack admissions in the lockdown period (IR 0.625) was
significantly lower when compared to the Pre-lockdown period
(IR 2.8; incidence rate ratio [IRR]=4.48, p=.004) as well as the
Pre-Control (IR 2; IRR=3.2, p=.034), Control (IR 1.875; IRR=3,
p=.033) and Post-Control (IR 4.5; IRR=7.2, p<.001) periods. IR
is expressed as admissions per week and the incidence rate ratios
(IRR) compared the IR between the lockdown and each of the re-
maining study periods.
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TABLE 9 Impact of measures reducing pollutants levels on asthma exacerbations.

Certainty of
No of participants the evidence

Outcomes (studies) Follow-up (GRADE) Narrative

Severe asthma Five observational DOOO e For emissions regulation policies, Hopke et al reported that the lowest incidence
exacerbations studies®3-¢57172 Very Lo (number/1000 persons per year) of asthma-related hospital admissions and ED
assessed wbed visits occurred in the period after the implementation of restrictions.
with asthma o Meng et al reported the number of asthma-related ER visits for patients living
ED and/or in good movement corridors reduced 11.8% (95%Cl=-21.4% to -1.1%) in the
and asthma second year after the implementation of restrictions and 14.8% (95%Cl=-24.05%
hospitalization to -4.4%) in the third year, comparing those living in control areas.

e Friedman et al reported the reduction on asthma-related emergency care
together with hospitalizations after minimization of road traffic congestion
during the 1996 Atlanta Olympic Games. Comparing asthma-related ED and
hospitalizations during the Olympic period versus the baseline period (without
any restrictions), adjusted risk ratios were of 0.48 (95%Cl=0.44-0.86) to 0.93
(95%Cl=0.71 to 1.22), respectively.

e For COVID-19 lockdown restrictions, Dondi et al reported a 40% decrease of
pediatric emergency asthma-related referrals associated with such restrictions in
Italy. In addition, the authors reported a decrease in total acute asthma referrals
during the first and the second lockdowns.

e With the implementation of an air quality alert program, Chen et al reported a
4.73 cases reduction per 1,000,000 people per day (95% Cl 0.55-9.38) for alerts
effect; and 2.05 cases reduction per 1,000,000 people per day (95% Cl 0.07 to
4.00) for program eligibility effect.

Severe asthma Two observational DOOO e For emissions regulation policies, Kim et al reported rates of hospital visit in Seoul
exacerbations studies®¢¢® Very low?? were increasing until implementation of such policies. Afterward, this increasing
assessed with trend stopped for all age groups. This effect was observed both in patients of all
hospital visits ages group and in children.
rates DSDOO o Lietal reported a reduction on outpatient visits for asthma after 1 month

Low®® of vehicle restrictions during the 2008 Beijing Olympic Games (adjusted

RR during the Olympic period compared to the baseline period without any
restrictions=0.50, 95%Cl=0.47-0.55).

Severe asthma Four observational DOOO e For traffic restriction due to Summer Asian Games, Lee et al reported a
exacerbations studies®87071 Very nonsignificant reduction in asthma hospitalizations between baseline (including
assessed Low®d Olympic period) and 3weeks after the Olympic period (adjusted RR=0.73,
with asthma 95%Cl=0.49-1.11).
hospitalization DOO0O e For COVID-19 lockdown, Quintyne et al reported a nonsignificant reduction in

Very asthma hospitalizations between the baseline (including lockdown period) and
LowP* 3weeks after the lockdown (adjusted RR=0.73, 95%Cl=0.49-1.11)

o Sigala et al reported that reduced admissions rates occurred in the lockdown
period compared to the pre-lockdown period in 2020 or 2019.

DOOO o For alert program, Chen et al reported a 0.46 cases reduction per 1,000,000
Very people per day (95%Cl=1.38-0.34) for alerts effect and a 0.20 cases reduction
LowPde per 1,000,000 people per day (95%Cl=0.57 fewer to 0.20 more) for program

eligibility effect.

Note: GRADE Working Group grades of evidence.
High certainty: there is high confidence that the true effect lies close to that of the estimate of the effect.

Moderate certainty: There is moderate confidence in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is
a possibility that it is substantially different.

Low certainty: There is limited confidence in the effect estimate: The true effect may be substantially different from the estimate of the effect.

Very low certainty: There is very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.
Abbreviations: Cl, confidence interval; ED, Emergency department; RR, risk ratio.

Downgraded by two levels due to not including potential confounders (periodicity, other pollutants like pollen, and indoor pollutants interaction); also
missing data and misclassification bias during ascertainment of events.

PDowngraded by one level due to small number of studies.

‘Downgraded by one level due to composite outcomes (Friedman2001).

9The effect may both be harmful or beneficial (Friedman2001, Chen2018, Lee 2007, Chen2018).

*Downgraded by one level due to high-risk bias of missing data, moderate risk of bias on the measurement of outcomes, or moderate risk of bias on the
selection of reporting bias.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% ClI).
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Furthermore, the concentration of six air pollutants positively
correlated with weekly hospital admissions in 2020 before lock-
down, and significantly decreased during the lockdown.”® The
effect of these interventions was considered unclear (very low
certainty).

The study assessing the impact of the AQl alert program in Canada
reported a nonsignificant reduction in asthma-related hospital admis-
sions, with an absolute reduction of 0.46 cases per 1000,000 people
per day (95%Cl=1.38 fewer to 0.34 more), and a relative reduction of
28% (95%Cl=44% fewer to 55% more). The program eligibility led to
a nonsignificant reduction of 0.20 (95%Cl=0.57 fewer to 0.20 more)
daily hospital admissions for asthma, with a relative reduction of 25%
(95%Cl1=0.49% fewer to 0.08% more).”*

3.4 | Exposure to outdoor pesticides as a risk
factor for new-onset asthma (Q4)

3.4.1 | Characteristics of studies included

The SR included 15 studies assessing the impact of outdoor pes-
ticide exposure in the risk of developing asthma. Most studies
were performed in North America (33%) and in Latin America

(27%). The number of included participants ranged from 127
to 19,704 subjects. Thirteen studies were cross-sectional’®~8

and two were case-control studies.84®” Most studies included
adults,’*7>7781.8287 £4r included children,”®7¢848¢ and two con-
sidered participants of any age.go’85 Three studies evaluated the
association between prenatal exposure and the occurrence of

787983 and one study aimed to assess the use of pesticides

asthma,
during pregnancy.86 Most studies assessed pesticide exposure
through questionnaires and interviews, and only two studies in-
cluded information on concentration of pesticides metabolites in
biological samples.73”81

Table S13 presents a summary of the ROB assessment per do-
main for the included studies. There were no studies classified as
having a low ROB in all assessed domains. There were no domains
for which there was a “high ROB” classification.

The summary of findings is displayed in Tables 10-17. It was not
possible to conduct a meta-analysis due to substantial heterogeneity
in the exposure assessment, outcomes reported, and the method of

analysis used to estimate the effect size.

34.2 |
physician)

New-onset asthma (ever diagnosed by

Eleven observational studies assessed the association be-
tween outdoor exposure to pesticides and incidence of asthma

in participants of any age. Eight studies suggested a positive

TABLE 10 Impact of exposure to general pesticides on asthma incidence.

Certainty of the

Outcomes No of participants (studies)

Incidence of self- (11 observational

evidence (GRADE)
DOOQO Very Lo

Narrative

Eight studies reported a positive association between

reported asthma studies)’37476:77.79-82,84,86,87 the use of pesticides and asthma incidence, while
(ever diagnosed by three studies did not report a significant association.
physician) in patients of The included studies assessed different frequencies,
any age quantities, and times of exposure for general
pesticides use, making it difficult to compare results.
Incidence of self- (One observational study)®® SPOO Low?® One study reported that parental (mothers and fathers)

reported asthma
(ever-diagnosed by
physician) in children
after prenatal exposure

Note: GRADE Working Group grades of evidence.

occupational use of pesticides both at preconception
(OR=0.46, 95%Cl=0.14 to 1.51) and at post-
conception (OR=0.74, 95%CI=0.40-1.37) may not
be related to asthma in offspring assessed at ages
0-15years.

High certainty: There is high confidence that the true effect lies close to that of the estimate of the effect.

Moderate certainty: There is moderate confidence in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there

is a possibility that it is substantially different.

Low certainty: There is limited confidence in the effect estimate: The true effect may be substantially different from the estimate of the effect.

Very low certainty: There is very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of

effect.
Abbreviations: Cl: confidence interval; OR: odds ratio.

2Downgraded by one level because some studies did not include important confounders such as smoking status, allergic status, history of lung

problems, working with dust, or other asthma-related chemical products.

bDowngraded by one level due to risk of bias arising from measurement of the exposure and outcomes. Data collected might have introduced recall

bias and authors did not measure pesticide exposure quantitatively.

‘Downgraded by one level due to small sample size and wide confidence intervals.

4The effect may be both harmful and beneficial.
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TABLE 11 Impact of exposure to organophosphates (OP) on asthma incidence.

No of participants

Certainty of the

Outcomes (studies) evidence (GRADE) Narrative
Incidence of self-reported (Five observational BDOOQ Very Lo  One study reported that three out of nine OP compounds were
asthma (ever-diagnosed by studies)’>7781.87 wabed significantly associated with incidence of allergic asthma

physician) in patients of any
age

Note: GRADE Working Group grades of evidence.

(Parathion: OR=2.05, 95%Cl=1.21 to 3.46; Coumaphos:
OR=2.34, 95%Cl=1.49 to 3.70; and Diazinon: OR=1.57,
95%Cl=1.05 to 2.35).%’

Three studies did not find any significant association and
one found that rates of asthma were inversely associated
with exposure to Chlorpyrifos and Terbufos.””

75,76,81

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is

a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of

effect.
Abbreviations: Cl, confidence interval; OR, odds ratio.

Downgraded by one level because one study did not include important confounders such as smoking status, allergic status, history of lung problems,
working with dust, or other asthma-related chemical products and the variables are very heterogeneous.

bDowngraded by one level due to risk of bias arising from measurement of the exposure and outcomes (variable self-reported physician-diagnosed
asthma might be unreliable; additionally, individuals with asthma were more likely to report wheeze than those without asthma).

‘Downgraded by one level due to small sample size and wide confidence intervals.

9The effect may be both harmful and beneficial.

association,73'74'76'79'80'84'86'87

while three studies did not find a sig-
nificant association.””®182 The studies included assessed different
frequencies, quantities and times of exposure to outdoor pesticides,
making it difficult to compare results. Thus, the association was
graded as very low certainty (Table 10).

Five studies assessed outdoor exposure to OP, with three
suggesting that these compounds are not associated with in-

creased asthma incidence,””7¢8!

one suggesting that exposure
to Parathion, Coumaphos, and Diazinon are associated with in-
creased incidence of allergic asthma,®” and another that ex-
posure to Chlorpyrifos and Terbufos are inversely associated
with incident asthma’’ (Table 11). Three studies assessed car-
bamates—one study reported a positive association between
carbamate exposure and self-reported asthma (OR=1.90;
95%Cl=1.20-3.00),% while the remaining two did not find a
significant association’>®” (Table 12). The exposure to fumi-
gants such as 80/20 mix (OR=2.15; 95%Cl=1.23-3.76) or eth-
ylene dibromide (OR=2.07; 95%Cl=1.02-4.20) may increase
the risk of asthma onset in agricultural workers.”>8>87 Finally,

the associations between (i) exposure to organochlorines,’®77:8

76,81 insecticides,75’76'83’84’87 76,83,87 (”)

pyrethroids, or fungicides
and new-onset asthma were not consistent—each type of pes-
ticide was assessed by a small number of primary studies, with
most associations being weak or nonsignificant (Tables 13 and
15-17).

For all associations involving exposure to specific pesticides

and incidence of asthma, evidence was considered of very low

certainty. The only exception was that of fumigants (low certainty

of evidence).

3.4.3 | Prenatal exposure
One study assessed the impact of parental exposure (mother and
father) to occupational use of pesticides and reported that both pre-
conception exposure (OR=0.46; 95%Cl=0.14-1.51) and postcon-
ception exposure (OR=0.74; 95%Cl=0.40-1.37) may not be related
to the risk of new-onset asthma in the offspring assessed at ages
0-15years (low certainty of evidence) (Table 10).%°

One study reported that the fumigants metam sodium
(OR=1.20; 95%Cl1=0.80-1.80) and 1,3-dichloropropene
(OR=1.30; 95%Cl=0.90-2.00) may be associated with asthma
incidence in children, although associations were not significant
and certainty of the evidence was low’® (Table 14). Another study
concluded that prenatal high pyrethroid metabolite concen-
trations in urine presented an inverse association with doctor-
diagnosed asthma in 5-year old children (pyrethroids: OR=0.39,
95%Cl=0.13-0.98; 2,4-D: OR=0.46, 95%Cl=0.16-1.11; and
DCCA: OR=0.21, 95%CI=0.05-0.62; Table 15) (low certainty).”’
A third study assessing the use of the agricultural fumigant methyl
bromide by parents (Table 14) reported that each 10-fold increase
of methyl bromide exposure during the prenatal period (applied
within 8km of the residential area) may be associated with a
lower FEV1 (regression coefficient=0.06L/s; 95%Cl=0.00-0.12)
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TABLE 12 Impact of exposure to carbamates on asthma incidence.

Certainty of the

Outcomes No of participants (studies)

(Three observational
studies)’>8>87

Incidence of self-reported
asthma (ever-diagnosed
by physician) in patients of
any age

Note: GRADE Working Group grades of evidence.

evidence (GRADE)
AOOQ Very Low*P<

Narrative

One study found that exposure to carbamates was
associated to self-reported asthma (OR=1.90,
95%Cl=1.20-3.00).

One study reported that carbaryl and carbofuran
may be associated to allergic asthma in
agricultural workers (OR=1.26, 95%Cl=0.85-
1.85 and OR=1.10, 95%Cl=0.75-1.61,
respectively).

One study reported that exposure to carbamates
>10years may be associated with asthma
(OR=1.09, 95%Cl=0.83-1.45).

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is

a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of

effect.
Abbreviations: Cl, confidence interval; OR, odds ratio.

Downgraded by one level because two studies did adjust important confounders such as smoking status, allergic status, history of lung problems,

working with dust, or other asthma-related chemical products.

bDowngraded by one level due to risk of bias arising from measurement of the exposure and outcomes (variable self-reported physician-diagnosed
asthma might be unreliable; additionally, individuals with asthma were more likely to report wheeze than those without asthma).

‘Downgraded by one level due to small sample size and wide confidence intervals.

and with lower forced expiratory flow 25%-75% (regression co-
efficient=0.15L/s; 95%Cl=0.03-0.27) in children up to 7years
of age (low certainty).”® Additionally, a 10-fold increase in wind-
adjusted prenatal chloropicrin use within 8km was reported
to be positively associated with a lower forced expiratory flow
25%-75% (regression coefficient=0.11; 95%Cl=0.0-0.21) (low

certainty).

3.5 | Exposure to outdoor pesticides as a risk
factor for adverse asthma-related outcomes (Q5)
3.5.1 | Characteristics of studies included

The SR included four studies assessing the impact of short-term
exposure to outdoor pesticides on asthma-related outcomes. All
the included studies were conducted in the USA. Two were longi-
tudinal studies (including cohorts and bidirectional-symmetric case

88.90 5ne was a time-series analysis,89 and one was

cross-over study),
a cross-sectional study.35 Two studies included only children while
two studies included participants of all ages. Table S14 shows a sum-
mary of ROB assessment. There were no studies classified as having
alow ROB in all assessed domains. There were no domains for which
there was a “high ROB” classification. Tables 18-21 present the sum-
mary of findings for organophosphates, carbamates, pyrethroids,

and microbial pesticides.

3.5.2 | Asthma exacerbations

No significant associations were found between exposure to OP
pesticides (namely chlorpyrifos, coumaphos, diazinon, dichlorvos, fono-
fos, malathion, phorate, or terbufos), carbamates (of the assessed pes-
ticides and asthma exacerbations, with evidence certainty always

being considered of very low certainty).35

3.5.3 | Severe asthma exacerbations: ED visits

One study reported that a 0.01 ppb increase in the microbial pes-
ticide 1,3-dichloropropene was associated with increased ED visits
(OR=1.14; 95%Cl=1.12-1.15), even after adjustment for PM2.5,
NO,, temperature, and relative humidity”® (low certainty evidence
(Table 21)). Another study reported that the pyrethroids spraying
to control mosquito vectors of West Nile virus season in New York
was not associated with increased ED visits in the day after spraying
(RR=0.92; 95%Cl=0.80-1.07) (low certainty evidence).®’

3.54 | Lung function

One study performed in children assessed the effect of exposure
to OP pesticides on lung function (Table 18), reporting that for each
onefold increase of OP pesticides exposure there was an increase
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TABLE 13 Impact of exposure to organochlorines (OC) on asthma incidence.

No of participants Certainty of the evidence
Outcomes (studies) (GRADE) Narrative
Incidence of self-reported (Two observational DOOQO Very low?P: One study reported that seven OC compounds
asthma (ever diagnosed by studies)’>®’ (aldrin, chlordane, DDT, dieldrin, heptachlor,
physician) in patients of any lindane, and toxaphene) may be associated with
age allergic asthma.

One study concluded that being exposed to OC
does not have a significant association with
asthma incidence.

Note: GRADE Working Group grades of evidence.

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is
a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of
effect.

Abbreviations: Cl, confidence interval; OR, odds ratio.

Downgraded by one level because one study did adjust important confounders such as smoking status, allergic status, history of lung problems,
working with dust, or other asthma-related chemical products.

bDowngraded by one level due to risk of bias arising from measurement of the exposure and outcomes (variable self-reported physician-diagnosed
asthma might be unreliable).

“The effect may be both harmful and beneficial.

TABLE 14 Impact of exposure to fumigants on asthma incidence.

Certainty of
the evidence

Outcomes No of participants (studies) (GRADE) Narrative

Incidence of self-reported asthma  (One observational study)®’ BPOO Low® One study reported that two fumigants were
(ever-diagnosed by physician) associated with allergic asthma (80/20 mix:
in patients of any age OR=2.15, 95%Cl=1.23-3.76; ethylene dibromide:

OR=2.07, 95%Cl=1.02-4.20).
Incidence of self-reported asthma  (10ne observational study)’® DSDOO Low®®  One study found that metam sodium (OR=1.20,

(ever-diagnosed by physician) 95%Cl=0.80-1.80) and 1,3-dichloropropene,
in children after prenatal (OR=1.30, 95%Cl=0.90-2.00) were possibly
exposure associated with asthma incidence in children,

although differences were not significant.

Lung function (One observational study)’® SPpO0O Low™®  One study reported that a 10-fold increase in wind-
adjusted prenatal methyl bromide use within
8km was associated with higher FEV, (regression
coefficient=0.06; 95%Cl=0.0-0.12) and FEF,5 ;5
(regression coefficient=0.15; 95%Cl=0.03-0.27).
Additionally, a 10-fold increase in wind-adjusted
prenatal chloropicrin use within 8 km was
positively associated with FEF,,_, (regression
coefficient=0.11; 95%Cl=0.0-0.21).

Note: GRADE Working Group grades of evidence.

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is
a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of
effect.

Abbreviations: Cl, confidence interval; FEF25-75, Forced expiratory flow 25%-75%; FEV1, Forced expiratory volume at 1s; OR, odds ratio.
Downgraded by two levels due to risk of bias arising from measurement of the exposure and outcomes (variables self-reported physician-diagnosed
asthma and outcome data might be unreliable); missing data and misclassification bias.

PDowngraded by one level due to risk of misclassification bias because authors did not have information on maternal occupation exposure and the
geographic location of maternal workplaces during pregnancy.

‘Downgraded by one level due to small sample size and wide confidence intervals.
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TABLE 15 Impact of exposure to pyrethroids on asthma incidence.

No of participants

Outcomes (studies)

(Three observational
studies)’>76:87

Incidence of self-reported asthma
(ever-diagnosed by physician) in
patients of any age

(One observational
)79

Incidence of self-reported asthma
(ever-diagnosed by physician) in study;
children after parental exposure

Note: GRADE Working Group grades of evidence.

SDOO Low’*

Certainty of the
evidence(GRADE)

DOOQO Very lo
Wa,b,c,d

Narrative

One study found that exposure to pyrethroids
may be related to the incidence of allergic
asthma—permethrin (animals): OR=1.51,
95%Cl=0.92—2.45; permethrin (crops):
(OR=1.52, 95%Cl=0.93-2.48).

One study reported that being exposed 1 year to
pyrethroids may be related to asthma incidence
(OR=1.22,95%Cl=0.89-1.68).

On the other hand, one study concluded that
being exposed to pyrethroids may be not
associated with the incidence of asthma.

One study reported that prenatal high pyrethroid
metabolite concentrations (>percentile
75) presented an inverse association with
doctor-diagnosed asthma in childhood during
last 12 months (Zpyrethroids: OR=0.39,
95%Cl=0.13-0.98; 2,4-D: OR=0.46,
95%Cl=0.16-1.11; DCCA: OR=0.21,
95%Cl1=0.05-0.62).

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is

a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of

effect.

Abbreviations: Cl, confidence interval; OR, odds ratio.

Downgraded by one level because one study did not include important confounders such as smoking status, allergic status, history of lung problems,
working with dust, or other asthma-related chemical products and the variables are very heterogeneous.

bDowngraded by one level due to risk of bias arising from measurement of the exposure and/or outcomes (variable self-reported physician-diagnosed
asthma might be unreliable, additionally, individuals with asthma were more likely to report wheeze than those without asthma).

‘Downgraded by one level due to small sample size and wide confidence intervals.

9The effect may be both harmful and beneficial.

in FEV1 (regression coefficient=0.21, 95%Cl=0.03-0.39). For bro-
momethane, a decrease in FEV25-75 was observed (regression coef-
ficient=-0.15, 95%Cl=-0.29 to -0.00).>¢ Overall, the certainty in

evidence was classified as “very low.”

3.6 | Exposure to extreme temperatures as a risk
factor on adverse asthma-related outcomes (Q7)
3.6.1 | Characteristics of included studies
The SR included 16 studies assessing the impact of exposure to ex-
treme temperatures on asthma-related outcomes. Most of the studies
were time-series studies,”*?31921%4 3nd had been conducted in China
(74%), Oceania (11%), Europe (5%), and North America (5%). The num-
ber of included patients ranged from 4467 to 1,289,896 individuals.
There was variability on the temperature between the included
geographical areas with the mean temperature ranging from -15.5-
28.3°C. Ten studies, evaluated exposures to heatwaves while 12
evaluated exposures to cold spells (Table S8).

Table S15 shows a summary of risk of bias assessment. There
were no studies classified as having a low risk of bias in all assessed
domains. There were two domains for which some studies displayed
a “high risk of bias” classification, namely those related to missing
data and measurement of the outcome. Tables 22 and 23 present

the summary of findings.

3.6.2 | Severe asthma exacerbations: ED admission

Five studies’?27596:100

assessed the relationship between heat-
waves and asthma-related ED admissions (Table 22). In all studies,
heatwaves were defined as a mean temperature exceeding the 95th

93100 ranorted the minimum number of

percentile. Only two studies
days of exposure, which ranged from 2 days to 3weeks. The findings
from the meta-analysis indicated that exposure to heatwaves may
increase the risk of being admitted to ED due to asthma exacerba-
tions (RR=1.34; 95%Cl=1.00-1.78). This would result in between
95 and 1462 more ED admissions per 10,000 patients. Evidence was

considered of low certainty.
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TABLE 16 Impact of exposure to fungicides on asthma incidence.

Certainty of the
evidence (GRADE)

BDOOO Very low*P<

Outcomes No of participants (studies) Narrative

Incidence of self-reported asthma )68

(ever diagnosed by physician)
in general population

(Two observational studies, One study reported that being exposed
to captan was positively associated
to asthma (OR=1.83, 95%Cl=1.15-
2.94), but did not find any significant
association for other fungicides.

One study did not find any significant
association between exposure to
fungicides and the incidence of asthma

symptoms.

Note: GRADE Working Group grades of evidence.
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is
a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of
effect.

Abbreviations: Cl, confidence interval; OR, odds ratio.

2Downgraded by one level due to risk of bias arising from measurement of the exposure and/or outcomes (variable self-reported physician-diagnosed
asthma might be unreliable; additionally, individuals with asthma were more likely to report wheeze than those without asthma).

PDowngraded by one level due to small sample size and wide confidence intervals.
‘The effect may be both harmful and beneficial.

TABLE 17 Impact of exposure to insecticides on asthma incidence.

Certainty of the
evidence (GRADE)

BOOQO Very low?P:

Outcomes No of participants (studies) Narrative

One study reported that insecticide use
was associated with self-reported
asthma (ever diagnosed by any
health-care provider) (OR=2.0,
95%Cl=1.2-3.3).

One study did not find any significant
association between exposures to
insecticides and asthma incidence.

(Two observational
studies)’¢84

Incidence of self-reported asthma (ever
diagnosed by physician) in general
population

Note: GRADE Working Group grades of evidence.
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is
a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of
effect.

Abbreviations: Cl, confidence interval; POR, prevalence odds ratio.

Downgraded by one level because one study did not include important confounders such as smoking status, allergic status, history of lung problems,
working with dust, or other asthma-related chemical products and the variables are very heterogeneous.

®Downgraded by one level due to risk of bias arising from measurement of the exposure and/or outcomes (variable self-reported physician-diagnosed
asthma might be unreliable, additionally, individuals with asthma were more likely to report wheeze than those without asthma).

“The effect may be both harmful and beneficial.

95,96,100

Three studies examined the association between cold meta-analytical results indicated that exposure to cold spells may

spells and asthma-related ED admissions (Table 23). All studies de-

fined cold spells as events with a mean temperature lower than the

95,100

fiftth percentile. Only two studies reported the minimum num-

ber of days of exposure, which ranged from 2days to 3weeks. The

increase the risk of emergency care (RR=1.84; 95%Cl=1.01-3.33),
although severe heterogeneity was found (?=80%). This corre-
sponds to between 235 and 3612 more ED admissions per 10,000
individuals. Evidence was considered of low certainty.
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TABLE 18 Impact of exposure to OP on asthma-related outcomes.
Certainty of the
Outcomes No of participants (studies)  evidence (GRADE)

Asthma-related (One observational study)®

exacerbations

Lung function (One observational study)®®

Note: GRADE Working Group grades of evidence.

BAOOQO Very low*><

BAOOO Very low*?

Narrative

One study did not find significant associations between
asthma-related exacerbations and chlorpyrifos (OR=1.2,
95%Cl=0.7-1.9), coumaphos (OR=0.6, 95%Cl=0.2-1.5),
diazinon (OR=0.7, 95%Cl=0.4-1.3), dichlorvos (OR=0.8,
95%Cl=0.3-2.6), fonofos (OR=0.6, 95%Cl=0.2-1.7),
malathion (OR=0.8, 95%Cl=0.4-1.3), phorate (OR=0.5,
95%Cl=0.1-1.7), and terbufos (OR=0.9, 95%Cl=0.5-1.6).

One study in children showed that for each onefold increase of
OP exposure, a higher FEV, (regression coefficient=0.21,
95%CI=0.03-0.39) was observed. For each onefold
increase of bromomethane, a lower FEV,; - (regression
coefficient=-0.15, 95%Cl=-0.29 to 0.00) was observed.

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is

a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of

effect.

Abbreviations: Cl, confidence interval; FEV, Forced expiratory volume; OR, odds ratio.

?Downgraded by two level due to missing data and risk of bias arising from measurement of the exposure and outcomes. Missing data and risk of bias

in selection of participants into the study.

PDowngraded by one level due to small sample size and wide confidence intervals.

‘The effect may be both harmful and beneficial.

These results remained consistent even when examining age
subgroups and when including studies with only low or some con-
cerns about the risk of bias.

3.6.3 | Severe asthma exacerbations:
hospital admissions

396,101,105 o\ /3luated the association between heatwaves

Four studies
and asthma-related hospital admissions (Table 22). All studies con-
sidered a mean temperature exceeding the 95th percentile to define

heatwaves. Only two studies”1%°

reported the number of days of
exposure, with a minimum of 2days. The meta-analytical results in-
dicated that heatwaves may increase the risk of hospital admissions
(RR=1.30; 95%Cl=1.08-1.58), although severe heterogeneity was
found (I>=87%). This corresponds to between 84 and 1290 more HA
cases per 10,000 individuals. Evidence certainty was considered low.

93,94.96,104,106 4ssessed the association between cold

Five studies
spells and asthma-related HA (Table 23). The definition of cold spells
was heterogeneous across studies, but all of them defined the ex-
posure as a mean temperature of less than the fifth percentile. Four
studies described the minimum number of days of exposure, consid-
ering a minimum of 2 days. The meta-analytical results indicated that
cold spells may increase the risk of hospital admissions (RR=1.35;
95%Cl=1.01-1.81), although severe heterogeneity was found
(I2=9O%). This corresponds to between 98 and 1505 more HA cases

per 10,000 individuals. Evidence certainty was considered low.

These associations remained consistent across different age sub-

groups and in the studies with the lowest risk of bias.

3.6.4 | Moderate asthma exacerbations

Only one study'®®

evaluated the association between cold spells
and moderate asthma exacerbations (Table 23). That study defined
cold spells based on temperatures <2.5 percentile. However, it did
not specify the number of days of exposure. The study suggested
that cold spells may increase the odds of having an asthma exac-
erbation (OR=1.73; 95%Cl=1.13-2.67, corresponding to between
378 to 3139 more exacerbations per 10,000 individuals). Evidence

certainty was considered low.

3.6.5 | Asthma mortality

Two studies assessed the association between heatwaves and
asthma mortality.97'102 Both studies evaluated a Chinese population
and defined the exposure based on temperatures 295th and 99th
percentiles. However, neither of the studies reported the minimum
number of days of exposure. One study reported that heatwaves may
increase the risk of asthma mortality (RR=1.09; 95%CI=0.92-1.29,
corresponding to 25-387 more deaths due to heatwaves). The other
study found that, in the context of a heatwave, for each increase of

one degree centigrade, there was a probable excess risk of asthma
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TABLE 19 Impact of exposure to carbamates on asthma-related outcomes.

Certainty of the

Outcomes No of participants (studies)

Asthma-related
exacerbations

Lung function

Note; GRADE Working Group grades of evidence.

evidence (GRADE)
(One observational study)*® AOOO Very low*?

(Two observational studies)®®® @O Very low*?

Narrative

One study did not find an association between
asthma-related exacerbations and exposure to
carbaryl (OR=0.6, 95%Cl=0.4-1.1), carbofuran
(OR=0.9, 95%CI=0.3-2.9), or aldicarb (OR=2.3,
95%Cl=0.9-6.2).

One study indicated that exposure to carbamates was not
associated with any clinically relevant change in the
mean values of FEV, (regression coefficient=0.01,
95%Cl (-0.14 to 0.16)), FVC (regression
coefficient=0.02, 95%Cl=-0.13 to 0.17), and FEF,; -5
(regression coefficient=-0.06, 95%Cl=-0.14 to 0.16).

One study indicated that multiple exposures to carbamates
were not associated with clinically relevant changes in
FEV, (regression coefficient=-0.03, 95%Cl=-0.21 to
0.15), FVC (regression coefficient=0.02, 95%Cl=-0.13
to 0.17), and FEF,. ., (regression coefficient=0.10,
95%Cl=-0.07 to 0.26).

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is

a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of

effect.

Abbreviations: Cl, confidence interval; FEF, Forced expiratory flow; FEV, Forced expiratory volume in 1s; FV, Forced vital capacity; OR, odds ratio.

2Downgraded by two level due to missing data and risk of bias arising from measurement of the exposure and outcomes. Missing data and risk of bias

in selection of participants into the study.

PDowngraded by one level due to small sample size and wide confidence intervals.

mortality of approximately 4% (95%Cl=3.10%-5.33%). Evidence was
considered of low certainty.

Two studies evaluated the association between cold spell and
asthma mortality.97le2 One study102 defined the cold spell based
on temperatures <5th percentile but did not report the minimum
number of days of exposure. That study indicated that exposure
to cold spells may increase the risk of asthma mortality (RR=1.04;
95%Cl=1.00-1.08, corresponding to between 11 and 172 more HA
per 10,000 persons). On the other hand, one other studyc’)7 defined
the cold spell based on temperatures <1st percentile, but did not
report the minimum number of days of exposure. That study re-
ported that, in the context of a cold spell, for each decrease of 1°C,
there was a excess risk of asthma mortality of approximately 4%
(95%Cl1=2.75%-6.08%). Evidence was considered of low certainty.

4 | DISCUSSION

4.1 | Main findings

This systematic review comprehensively appraised the quality of
the evidence provided by 205 studies evaluating the impact of en-
vironmental outdoor exposures including pollutants, pesticides, and
extreme temperatures on asthma-related outcomes.

A short-term exposure to an increase in 10mcg/m3 of PM2.5
probably results in more ED visits, an increase of PM10, NO,, O,
and SO, above the WHO thresholds may result in an increase in ED
visits, while an increase of PM2.5, PM10, NO,, O, SO,, and CO may
resultin anincrease in asthma-related hospital admissions. Exposure
to TRAP may result in an increase in hospital admissions and poorer
asthma control in adults.

Low to very low certainty of evidence shows that an outdoor
pollution reducing plan may prevent severe asthma exacerbations
(asthma-related ED visits and hospital admissions).

The evidence is very uncertain for the outdoor pesticide's expo-
sure and its association with asthma incidence in the general pop-
ulation. Exposure to fumigants may be associated with increased
risk of new-onset asthma in agricultural workers. Prenatal exposure
appears not to be related to increased risk of asthma in the offspring
when assessed up to 15years of age.

For the impact on asthma-related outcomes, the evidence is very
uncertain for exposure to organophosphates, carbamates, and pyre-
throids and increased risk of asthma exacerbations, while exposure
to 1,3-dichloropropene may increase the risk of asthma-related ED
visits.

Both heatwaves and cold spells may increase the risk of severe
asthma exacerbations (ED visits and hospital admissions) and asthma
mortality.
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TABLE 20 Impact of exposure to pyrethroids on asthma-related outcomes.

No of participants

Certainty of the

Outcomes (studies) evidence (GRADE) Narrative
Asthma-related exacerbations (O observational DOOQO Very One study reported that permethrin exposure was
study)® low® possibly inversely associated to asthma exacerbations,

(One observational
)89

Asthma-related Emergency
Department (ED) visits study

Note: GRADE Working Group grades of evidence.

SDO0 Low

although significant associations were not observed
(animals: OR=0.8, 95%Cl 0.3-2.0, crops: OR=0.7,
95%Cl=0.3-1.5).

One study reported that the rates of ED asthma visits
were not associated with permethrin spraying either
1day (RR 0.92; 95% Cl, 0.80-1.07) or 5days after the
spraying.

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is

a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of

effect.
Abbreviations: Cl, confidence interval; OR, odds ratio; RR, risk ratio.

2Downgraded by two level due to missing data and risk of bias arising from measurement of the exposure and outcomes. Missing data and risk of bias

in selection of participants into the study.

PDowngraded by one level due to small sample size and wide confidence intervals.

TABLE 21 Impact of exposure to 1,3-dichloropropene (1,3-D) on asthma-related outcomes.

Outcomes No of participants (studies)

)90

Asthma-related Emergency (One observational study

Department (ED) visits

Note: GRADE Working Group grades of evidence.

Certainty of the
evidence (GRADE)

SO0 Low™”

Narrative

One study found that a 0.01ppb increase in
1,3-D was associated with an increase
in the odds of having an asthma ED visit
(OR=1.14, 95%Cl=1.12-1.15). A positive
association for age was found between
1,3-D and asthma ED visits among
patients.

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is

a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of

effect.

Abbreviations: Cl, confidence interval; OR, odds ratio; ppb, parts per billion.

2Downgraded by one level because one study did not include important confounders such as smoking status, sex, gender, etc.

bDowngraded by one level due to missing data and risk of bias arising from measurement of the exposure and outcomes.

4.2 | Resultsin the context of previous evidence

This systematic review updated the results of Zheng et al. evaluating
the association of short-term exposure to air pollutants and severe
asthma exacerbations (ED visits and hospital admissions). Our results

d,** and adds results

are in alignment with those previously publishe
for PM2.5, PM10, and CO. Other systematic reviews assessing the
risk of asthma exacerbations with same day exposure and 1day lag
exposure to air pollutants found similar results.’°”1°® However, an

important difference with the majority of these reviews, is that,

beyond assessing the risk of bias, we also conducted an evaluation
of the certainty of the evidence using the GRADE approach.

Most reviews assessing exposure to TRAP evaluated the risk
of development of childhood asthma.’??10 A recent systematic
review assessed the effect on several health outcomes, including
asthma exacerbations and reported similar results. However, since
their main focus was asthma onset, they did not conduct a thor-
ough analysis of the studies assessing impact on asthma 111112
Finally, our study showed the impact of different emission re-

duction plans on asthma exacerbations, potentially informing
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decision-making on public health measures. However, there is still
an urgent need for global measures to reduce exposure to air pollut-
ants to improve asthma-related outcomes in the adult and pediatric
population.®

Two recent systematic reviews evaluating the association of pes-
ticide exposure with childhood wheeze and asthma, reported simi-
lar results than our review.'*3'** Although most studies suggested
a positive association, the authors were unable to reach conclusive
results due to variations in the study design and exposure measure-
ments. %1% Other reviews have assessed the relationship between
specific pesticides exposure in subsets of the population (occupa-
tional), and only assessed respiratory outcomes.>¢**>17 |n contrast,
our review of the evidence includes a range of different types of
pesticides, assesses individuals regardless of their occupational
groups or residence, and specifically looks for asthma outcomes;
therefore, providing a more comprehensive assessment.

We identified a recent systematic review!!® that investigated
the relationship between asthma-related outcomes and extreme
weather conditions, including heatwaves and cold spells, among
others. Despite the broad scope, this review reports some estimates
of the effects specific to extreme temperatures, and suggests a pos-
itive association with asthma exacerbations, specifically, increase in
emergency department visits during heatwaves, and hospital admis-
sions during cold spells. It is important to highlight that the number
of studies included in their analysis is smaller, compared to our re-
view, resulting in less precise estimations. Additionally, it is import-
ant to highlight that the previous SR did not provide clear definitions
for cold spells and heatwaves. In contrast, our review took into con-
sideration the lack of consensus and heterogeneity in defining these
terms and provided clear definitions of the exposures, improving the
applicability of our findings.

4.3 | Limitations and strengths

This SR included only studies published in English. However, we
have reviewed references of previous SRs, and when appropriate,
the GDG provided additional studies. Due to the vast number of
observational studies retrieved, only one reviewer assessed the risk
of bias. However, at least one other reviewer cross-checked this as-
sessment as a quality control. For Q5, most of the studies included
did not provide the minimum duration criteria for the exposures, so
this variable cannot be evaluated in the analysis. Additionally, due to
the limited number of studies available per outcome and the hetero-
geneity in the reported percentiles of mean temperature, we could
not assess the impact of different levels of extreme temperatures. In
addition, this SR does not explore potentially synergistic interactions
of other outdoor pollutants, including allergens, organic compounds,
and viruses upon asthma-related outcomes.

There are several strengths of this systematic review. First, we
conducted a comprehensive systematic search in three databases.
Second, the SR used rigorous methods to assess the certainty of the
evidence. Using the GRADE approach, we considered the relevant
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aspects that could impact the confidence in the results, namely
risk of bias, heterogeneity, indirectness, and imprecision of the es-
timates. Third, we selected and prioritized a priori the critical and
important outcomes for the asthma population. Lastly, we present
the results in a format (summary of findings tables) that allows easy
communication of the key findings to all stakeholders.

4.4 | Implications for practice and research

Our review provides new knowledge on association between out-
door environmental factors and the risk of new-onset asthma and of
adverse asthma-related outcomes. We also evaluated the effect of
interventions to reduce pollution on asthma-related outcomes.

Although most of the evidence is of moderate or low quality,
these results could be of value for different stakeholders, includ-
ing policymakers and clinicians. For the former, our findings may
support public decisions such as fostering pollution reduction
plans and reduce exposure of the adult and pediatric populations.
For clinicians, the findings can trigger clinical advice to patients
with asthma to avoid exposure to outdoor pollutants or extreme
temperatures.

While our findings provide some insight into the phenomenon,
more high-quality studies are needed to obtain more precise esti-
mates, and further enhance our understanding of the relationship
of the different exposures. An improved methodological approach
proving causality instead of associations together with an inte-
grated surveillance network for the overall environmental impact
on asthma-related outcomes is a key pillar to move this field for-
ward. More can be achieved by validated criteria for selecting the
best assay(s) to assess exposure and the biological response for
the research question of interest, by easy-to-implement guidelines
for sample collection, by shared repositories and biobanks, and by
implementing the exposomics, cross-omics approach, and system
biomedicine.
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