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ABSTRACT

Objective To synthesize evidence regarding the relationshipibetween outdoor air pollution and risk of asthma
exacerbations in single lag0 and lagl exposure patterns.

Methods We performed a systematic literature search using PubMed, Embase, Cochrane Library, Web of Science,
ClinicalTrials, China National Knowledge. Internet, Chinese BioMedical, and Wanfang databases. Articles published
until August 1, 2020 and the referencedists of the relevant articles were reviewed. Two authors independently evaluated
the eligible articles and performed struetured extraction of the relevant information. Pooled relative risks (RRs) and 95%
confidence intervals (Cls).of 1ag0 and lagl exposure patterns were estimated using random-effect models.

Results: Eighty-four studies met the eligibility criteria and provided sufficient information for meta-analysis. Outdoor air
pollutants were associated with increased risk of asthma exacerbations in both single lag0 and lagl exposure patterns
[lag0: RR (95% CI) (pollutants), 1.057(1.011, 1.103) (air quality index, AQI), 1.007 (1.005, 1.010) (particulate matter of
diameter < 2.5 um, PM, ), 1.009 (1.005, 1.012) (particulate matter of diameter, PM,), 1.010 (1.006, 1.014) (NO,), 1.030
(1.011, 1.048) (C0O), 1.005 (1.002, 1.009) (O3); lag1:1.064(1.022, 1.106) (AQI), 1.005 (1.002, 1.008) (PM,5), 1.007
(1.004, 1.011) (PMy), 1.008 (1.004, 1.012) (NO,), 1.025 (1.007, 1.042) (CO), 1.010 (1.006, 1.013) (O3)], except SO,
[lag0: RR (95% CI), 1.004 (1.000, 1.007); lagl: RR (95% CI), 1.003 (0.999, 1.006)]. Subgroup analyses revealed
stronger effects in children and asthma exacerbations associated with other events (including symptoms, lung function
changes, and medication use).

Conclusion Outdoor air pollution increases the asthma exacerbation risk in single lag0 and lagl exposure patterns.
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Introduction

Asthma is a common chronic airway inflammatory disease that affects > 300 million people
worldwide (1). The global prevalence of clinical/treated asthma in adults is 4.5%; moreover, it varies
among 70 countries by as much as 21-fold (2). Epidemiologic studies have revealed an increasing
prevalence of asthma; in addition, asthma contributes to functional loss, increased healthcare costs,
and severe medical complications (3). Exacerbation of asthma accelerates disease progression and
increases the incidence of hospitalization and death (4).

Outdoor air pollution has received increasing attention owing to its serious conseguences. Air
pollution can cause critical public health problems. A retrospective study of 80 5156 deaths in Beijing
during 2004-2008 found that a reduction in life expectancy was associated with increased.air
pollution (5). Exposure to air pollution also increases the risk of asthma exacerbations (6-8). The air
pollution components are complex, including particulate matter of diameters <2.5 um (PM,5) and <
10 um (PMyp), sulfur dioxide (SO,), carbon monoxide (CO), nitrogen dioxide’ (NO,), and ozone (O3),
among others. Martinez-Rivera et al. (6) reported a positive association of the levels of NO,, but not
of SO,, and CO, with the number of accident and emergency roomy(ER).visits and hospitalizations
for asthma exacerbations. However, another study reported a positive'association of SO, levels, but
not of NO; levels, with pediatric asthma exacerbations (7)./Additionally, Ostro et al. (8) reported that
new coughing episodes were associated with exposure to' PMyes PM, 5, and NO,, but not Os. Studies
on different pollutants have reported inconsistent findings.

A meta-analysis confirmed the associatton between the aforementioned six air pollutants and
increased risk of ER visits and hospitalizations.for asthma (9). Nonetheless, there are numerous
pollutant types to be monitored, and gach pollutant has different effects on asthma exacerbation.
Therefore, there is a need for a comprehensive pollution index that can represent the various
pollutant effects and facilitate estimation of the air pollution level by the general public. The air
quality index (AQI) is a useful'comprehensive index that was adopted by the US Environmental
Pollution Administration for daily air quality reporting to the general public in 1999 (10). The AQI
includes sub-indices for PM, 5, PM1g, SO,, NO,, CO, and O3 (11). Pan et al. (12) reported an
association between AQI and increased risk of hospitalization for childhood asthma. In contrast, Letz
et al. (13) reported.no significant correlation between AQI and ER visits for asthma in the basic
military trainee population. There have been inconsistent findings regarding AQI and the risk of
asthma exacerbation. In addition, multiple lag estimates, including single and cumulative lags, were
selected for the overall analysis of the aforementioned meta-analysis. Lag exposure sensitivity
analyses have employed different single-lag patterns for different pollutants (9). However, there is a
need to understand if pollutants contribute to asthma exacerbation on the same day or have lag
effects. Furthermore, other asthma exacerbation outcomes (e.g. symptoms) should be considered.

This systematic review and meta-analysis of time-series and case-crossover studies aimed to
summarize existing evidence regarding the relationships of various pollutants (AQI, PM;s, PMyy,
S0O,, NO,, CO, and Os3) with the risk of asthma exacerbation (exacerbation-associated outpatient



visits; ER visits; hospitalizations; deaths, and other events, including symptoms, lung function
changes, and medication use as needed) in single lag0 and lagl exposure patterns.

Methods

We followed the standardized Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (14). There is no review protocol for this study.

Eligibility criteria and search strategy

The inclusion criteria were as follows: 1) a time-series or case-crossover study with original
data; 2) asthma exacerbations associated with outpatient visits, ER visits, hospitalizations, deaths, or
other events (symptoms, lung function changes, and medication use as needed) as outcomes;3)
inclusion of a study population of children, adults, or both; 4) use of AQI, PM;s, PMig, SOz, NO;,
CO, or O3z as measures of outdoor air pollution; and 5) report of the relationship between outdoor air
pollution and asthma exacerbations.

The exclusion criteria were as follows: 1) no single-pollutant model;2) no data regarding
single lag0 or lagl exposure patterns; and 3) data that could not be recaleulated into study-specific
relative risks (RRs) and 95% confidence intervals (Cls) to a 100-unit increase in AQI, a 1 mg/m®
increase in CO, and a 10 pg/m? increase in the other pollutants (M5, PMyo, SO, NO,, and Os) by
assuming a linear relationship of all pollutants.

We conducted a systematic literature searchrof the PubMed, Embase, Cochrane Library, Web
of Science, ClinicalTrials, China National Knowledge,Internet, Chinese BioMedical, and Wanfang
databases until August 1, 2020 (no start date speeified and no language limitation). We used a
combination of keywords associated with the expaosure types (e.g. “AQI”) and asthma exacerbation
outcomes (e.g. “symptom increase”) [se€ supplementary Table S1 Search strategies].

We excluded irrelevant articles,by'screening their title. Articles meeting the inclusion criteria
were included in abstract reading. Moreover, we included the references of articles that met the
inclusion criteria. Articles thatdidnot'meet the exclusion criteria were included in this systematic
review and meta-analysis through full-text reading.

Quality assessment’and data extraction

Quality assessment was conducted based on Mustafic’s study with a maximum score of 5
(15). One point was assigned if asthma exacerbations were coded by the International Classification
of Diseases, American Thoracic Society, National Asthma Education or Prevention Program, or
International Classification of Primary Care 2. One point was assigned if pollutant measurements
were performed daily with < 25% of missing data. One point was assigned if long-term trends,
seasonality, and temperature were all adjusted. One point was assigned if the humidity or the day of
the week was adjusted. One point was assigned if influenza epidemics or holidays were adjusted.



Data extraction was performed using a standardized form, including the main characteristics
(author, publication year, location, subgroup, study population, sample size, period, lag pattern, and
quality score), outcome measures (asthma exacerbations associated with outpatient visits; ER visits;
hospitalizations; deaths; and other events, including symptoms, lung function changes, and
medication use as needed), exposure measures (AQIl, PM;s, PM1g, SO,, NO,, CO, and O3), and
study-specific RRs (95%Cls) of the single lag0 or lagl exposure patterns. Eligible studies were
examined and their relevant characteristics were independently recorded by two authors (XW and JH)
in this standardized form. Any disagreements were resolved by consensus after discussion with an
additional author (YH). When the same population was used in several publications, we included
only the largest and most complete study.

Statistical analysis and data synthesis

Standardized effect estimates are expressed as RRs and 95% Cls. The study-speeific RRs
were derived from single-pollutant models reporting RRs or percentage changes. We recalculated the
study-specific RRs to a 100-unit increase in AQI, a 1 mg/m?® increase in CO, andd 10'ug/m® increase
in the other pollutants (PM2s, PMyo, SO, NO,, and O3), by assuming a linearsrelationship of all
pollutants. We calculated the summary RRs of the single lag0 and lagl exposure patterns.
Heterogeneity was evaluated using Q and I%-statistics through the random=effect model. An 12
statistic > 50%, 25%-50%, and < 25% indicate high, moderate, anddow heterogeneity, respectively
(16). Publication bias was assessed using Begg’s and Egger’s tests(17,:18). To explore the
heterogeneity in our pooled analysis, we applied sensitivity analyses based on studies with a quality
score of 4-5. Various outcome analyses were conducted to‘combine the effects of evaluating
differences in outpatient visits, ER visits, hospitalizations,.deaths, and other events. Moreover,
age-based subgroup analyses were conducted to evaluate the differences between children (0-

14 years) and adults (> 14 years). Statistical analyses were conducted using Stata/MP 14.0 (Stata,
College Station, TX, USA). All tests were two-sided, and statistical significance was defined as
P <0.05.

Results

Study selection and‘eligible study characteristics

We initially.identified 1169 articles. After reading the title, abstract, and full text, we
included 84 articles. Figure 1 presents the approach to study selection. [Figure 1 near here].

Supplementary Table S2 presents the quality scores and main characteristics of the eligible
studies (12, 19-101). The outcomes were asthma exacerbations associated with outpatient visits (9
studies), ER visits (44 studies), hospitalizations (29 studies), deaths (2 studies), and other events (7
studies). Additionally, one study did not specify separate data regarding ER visits and
hospitalizations (96); consequently, it was classified as ER visits or hospitalization outcomes.
Regarding the single lag exposure pattern, 68 and 63 studies reported on lag0 and lagl exposure
patterns, respectively. Regarding the age subgroups, 34 and 21 studies investigated children and
adults, respectively.



Overall and quality sensitivity analyses

In overall analyses, air pollutants were associated with increased risks of asthma
exacerbations in both of the single lag0 and lagl exposure patterns [lag0: RR (95% CI) (pollutants),
1.057 (1.011, 1.103) (AQI), 1.007 (1.005, 1.010) (PM.5), 1.009 (1.005, 1.012) (PMyo), 1.010 (1.006,
1.014) (NO,), 1.030 (1.011, 1.048) (CO), 1.005 (1.002, 1.009) (O3); lagl: RR (95% CI) (pollutants),
1.064 (1.022, 1.106) (AQI), 1.005 (1.002, 1.008) (PM.5), 1.007 (1.004, 1.011) (PMyo), 1.008 (1.004,
1.012) (NO,), 1.025 (1.007, 1.042) (C0O), 1.010 (1.006, 1.013) (O3)], except for SO, [lag0: RR (95%
Cl), 1.004 (1.000, 1.007); lagl: RR (95% CI), 1.003 (0.999, 1.006)] (Table 1). [Table 1 near here].
The study-specific RRs presented high heterogeneity for all pollutants except for CO in the single
lagl exposure pattern. Table 1 shows the p values of the Begg’s and Egger’s tests. There was no
publication bias for AQI, PM, s, NO,, and CO in the lag0 pattern, as well as AQI, PM, s, SO,, and
NO; in the lagl pattern. Supplementary Figure S1 shows the forest plot for the associationbetween
air pollutants and asthma exacerbations, while Supplementary Figure S2 shows the Begg’s. funnel
plot.

Moreover, quality sensitivity analyses revealed a significant positive association of PMs,
PMio, NO,, CO, and O3 with risk of asthma exacerbation in both single lag0 and lagl exposure
patterns (Table 1). The study-specific RRs showed high heterogeneity forall pollutants, except for
CO. Publication bias was detected using Begg’s test for O3 in the lag0 pattern and Egger’s test for
PMjo and O3 in the lagl pattern (Table 1). Supplementary Figure’S3 . shews the forest plot for
relationships between air pollutants and asthma exacerbations, while Supplementary Figure S4
shows the Begg’s funnel plot.

Various outcome and age subgroup analyses

Various outcome analyses revealed-more pronounced relationships with other event outcomes
[lag0: RR (95% CI) (pollutants), 1.201 (1.155; 1.247) (AQI), 1.047 (1.024, 1.069) (PM,5s), 1.119
(1.018, 1.220) (PMyy), 1.033 (1.000,,1.066) (NO,), 1.124(1.051, 1.197) (CO); lagl: RR (95% ClI)
(pollutants), 1.204 (1.158, 1.251)(AQI), 1.080 (1.010, 1.150) (PM;s), 1.122 (1.015, 1.230) (PMyo),
1.046 (1.013, 1.079) (NO,), 1155 (1:037, 1.274) (CO)], except for SO, and Os. Supplementary
Table S3 presents details regarding the relationship between air pollutants and asthma exacerbations
in various outcome analyses. Supplementary Figure S1 shows the forest plot.

Age subgroup analyses revealed stronger relations in children than in adults, except for NO,
in the lagl pattern‘and Og in both patterns. There was no tendency toward a stronger relation for AQlI,
given that the AQI adult subgroup lacked eligible studies. Supplementary Table S3 presents the
details regarding the relationship between air pollutants and asthma exacerbations in various
outcomes and age subgroup analyses. Figures 2 and 3 show the forest plots. [Figures 2 and 3 near
here].

Discussion

Summary of evidence



Our study provides novel evidence that air pollution exposure increases the risk of asthma
exacerbation; specifically, AQI, PM;s, PM1, NO,, CO, and O3 contribute to asthma exacerbations
with single lag0 and lagl exposure patterns. This suggests that these pollutants cause asthma
exacerbation on the day of air pollution onset. Furthermore, AQI may be a good indicator of asthma
exacerbation risk during air pollution. Mechanisms underlying the association between air pollution
and asthma exacerbations include stimulation of airway epithelium and inflammatory cells, oxidative
stress responses, respiratory cells, respiratory reflex responses, and epigenetic modifications (102).
Exposure to PM modulates the airway epithelium and promotes the production of several cytokines,
including IL-1, IL-6, IL-8, IL-25, IL-33, TNF-a, and GM-CSF (103). In a mouse model, there was
an ozone-induced increase in bronchoalveolar lavage (BAL) levels of IL-23, which is an important
cytokine for IL-17A+ cell recruitment and activation, 24 h after ozone exposure (2 ppm for 3 h) (104).
Willart et al. (105) reported an increase in lung IL-1a levels in naive mice at 2 and 24 h after
exposure. Another study reported an increase in IL-1a levels within the first 24 h after ozone
exposure (1 ppm for 1 h) (106). One study assessed sensitized mice before (0 h) and 1, 6, 12, 24, and
72 h after exposure and reported that the 12- and 24-h groups had the highest cytokinedevelsand cell
counts in BAL fluid (107). Diesel exhaust particles were found to induce an increase IniL-17A
levels in primary bronchial epithelial cells of patients with asthma at 2 h post-exposure(108). In
addition, Zhang et al. (109) reported that diesel exhaust particles induced increased TET1 expression
in human bronchial epithelial cells at 1 h post-exposure. Therefore, if air pollutien exposure cannot
be avoided, patients with asthma should employ adequate strategies (including asthma medications)
to reduce damage on the same day.

In lag0 and lagl exposure patterns, we found that the.RRs\of air pollution and asthma
exacerbations associated with other events (including symptoms;-lung function changes, and
medication use as needed) were much higher than those ofioutpatient visits, ER visits,
hospitalizations, and deaths. There have been no studies.on the relationship between outdoor air
pollution and other events, as well as outpatient. visits, ER visits, hospitalizations, or deaths within
the same population. However, a prospective'case=control study on children reported an association
of AQI, PM;s, NO,, and O3 with increased expression of multiple inflammatory airway epithelial
responses, as well as a decline in FEW{%predicted in the lead up to clinical asthma exacerbations on
the exacerbation-onset day without-awiral.trigger (110). Pan et al. (12) reported a positive correlation
between AQI and childhood asthma haospitalizations that appeared and peaked on lag3 and lag9 days,
respectively. Additionally, there'were\positive correlations between asthma deaths and PM; s on lag3
day (32) or SO, and NOy0n lag2day (79). This could be attributed to changes in symptoms and lung
function, which are thesinitial manifestations of airway inflammation caused by air pollution.
Subsequently, patients use relief medications for these changes, and if they do not improve, they seek
medical help and arewrecorded as outpatient visits, ER visits, or hospitalizations. Therefore, when
patients with asthma present with symptoms or lung function changes during air pollution, they
should receive active treatment to block asthma exacerbation progression.

It has been confirmed that children with asthma are more susceptible to outdoor air pollution.
This could be attributed to immature lung growth and host defense capacity in children (9). Since
children spend more time outdoors than adults, they inhale more air pollutants per pound of body
weight (111). Moreover, children may have low symptom tolerance, and parents may be more active
in taking their children to hospitals.



Validity of results

This study has several strengths, including the identification of potential articles based on a
systematic literature search of six databases (no start date specified and no language limitation) and
inclusion of secondary references. Furthermore, two authors examined the eligible studies based on
the inclusion and exclusion criteria, followed by independent data extraction using a priori set
method in the standardized form. Finally, disagreements were discussed with a third author.

Limitations

This study has several limitations. First, there are few available studies on AQI, other events,
and death analyses. Therefore, findings regarding the AQI, other events, and death analyses should
be cautiously interpreted. Second, there was a high degree of heterogeneity in most of the analyses.
This may be associated with varying study outcomes and design qualities. Nonetheless, we reduced
the degree of heterogeneity in the quality sensitivity and various outcome analyses.

Conclusions

This systematic review and meta-analysis provides new evidence.indicating that air pollution
exposure increases the risk of asthma exacerbation. Specifically, AQl; PM,s, PM1, NO,, CO, and
O3 contribute to asthma exacerbations with single lag0 anddagl.exposure patterns. If air pollution
exposure cannot be avoided, patients with asthma should'employ adequate strategies (including
asthma medications) to reduce same-day damage.
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Table 1. Relationships between air pollutants and asthma exacerbations in overall and quality
sensitivity analyses.

Characteristics Air pollutants (incremental unit)

AQ| PM2,5 PM10 SOZ NOZ CcO 03 (10ug/m3)
(100units) (10pg/m®) (10pg/m®) (10pg/m®) (10pg/m®) (Img/m®)

Overall
analyses with

lag0 exposure

a
Number of 4 27 27 31 28 14 33
the studies
RR 1.057(1.011, | 1.007(1.005, | 1.009(1.005, | 1.004(1.000, | 1.010(1.006, | 1.030(1.011, 1.005(1.002,
(95%Cl) 1.103) 1.010) 1.012) 1.007) 1.014) 1.048) 1.009)
12, % 95.8 80.0 85.1 58.6 68.3 64.3 86.1
Begg’s 0.308 0.687 0.664 0.026 0.631 0.322 0.015
test, p value
Egger’s 0.331 0.061 0.021 0.007 0.519 0.114 0.042
test, p value
Quality
sensitivity
analyses with
lag0 exposure
a
Number of 3 16 18 19 19 9 23
the studies
RR 1.018(0.998, | 1.007(1.004, | 1.006(1.003, | 1.006(0.998, | 1.009(1.006, | 1.017(1.002, | 1.006(1.002,1.010)
(95%Cl) 1.038) 1.010) 1.009) 1.013) 1.013) 1.031)
12, % 785 87.7 65.7 723 51.8 46.8 90.4
Begg’s 1.000 0.940 0.889 0.085 0.496 0.917 0.047
test, p value
Egger’s 0.837 0.156 0.247 0.072 0.595 0.867 0.066
test, p value
Overall

analyses with

lagl exposure

b
Number of 4 24 27 31 27 17 35
the studies
RR 1.064(1.022, | 1.005(1.002, | 1.007(1.004, | 1.003(0.999, | 1.008(1.004, | 1.025(1.007, 1.010(1.006,
(95%Cl) 1.106) 1.008) 1.011) 1.006) 1.012) 1.042) 1.013)
12, % 96.1 85.6 835 56.9 68.2 41.7 86.5
Begg’s 0.308 0.835 0.253 0.478 0.168 0.124 0.059
test, p value
Egger’s 0.252 0.883 0.002 0.088 0.068 0.006 0.008

test, p value




Quiality
sensitivity
analyses with

lagl exposure
b

Number of 3 18 19 24 20 13 25
the studies

RR 1.022(1.000, | 1.005(1.003, | 1.006(1.003, | 1.002(0.998, | 1.009(1.005, | 1.011(1.002, 1.009(1.005,
(95%Cl) 1.043) 1.008) 1.009) 1.006) 1.013) 1.020) 1.013)

12, % 86.5 85.4 70.3 58.0 62.4 2.0 875

Begg’s 1.000 0.928 0.778 0.333 0.441 0.202 0.116
test, p value

Egger’s 0.674 0.989 0.042 0.145 0.052 0.055 0.036
test, p value

Abbreviations: PM; s, particulate matter diameter < 2.5 um; PMyj, particulate matter diameter <

2.5 um; RR, relative risk.

®lag0 exposure, single lag0 exposure.

®lagl exposure, single lagl exposure.




Potential articles identified through
database searching (n=2274)

Y

Y

Potential articles after duplicates
removed (n =1169)

Articles excluded for duplication
(n =1105)

Potential articles identified
through references review
(n=104)

Articles excluded for obviously
irrelevance by title screening
(n=674)

Y

A 4

Articles excluded for not
meeting the inclusion criteria by
abstract reading (n'=327)

Articles excluded forduplication
(n =89)

Y

Articles included in the systematic
review and meta analysisy(n =84)

Figure 1. The flow chart of article selection.

A4

Articles excluded for not
meeting the inclusion criteria by
full-text reading (n = 99)




o RN oY Wit
Chew
IhuL38 1912 Crme| —_—— 15 1ees 1) e
PanR G 100, T 1591 )92 1) s
Seeml Gacemede 1IN pelng] <> 1331008 183) 1
Ovewl [agand s 00N e0NE <> 131008 1) 1mu
MOTE Waghi mw Yon o et aabie

T T

" 1 188
(A)

Sy %
D RR (16% CI) Weight
Chikiren E
Haloren JI20, 2008, (Arisnd) —— 1008 (0.068, 1.058) 051
Jekzhudn BA3, 2008, (Austraksy ‘- 1029(1.019, 1.028) .21
Yamazck| 843, 2013, (Japan) Spring 0968 (0632 1.120) 0.9
Yemazckl 542, 2013, (Japan). Summer 0953 (0.776, 1182} QM9
Yemazok| 543, 2013, [Japan), Fad —_— 09010685, 1.100) Q.10
Yemazok| £43, 2013, (Japan) Wik - 1030 (0633 1.222) O
Gleason JASS, 2014, (USA) |- 1035 (1.023 1.047) 609
Retinowiteh N4, 2006, [USA), Yasrd L 1054 (0001, 1.118) 031
Rabinovitch Na4, 2006, [LISA), Year2 —— 1.042(1.017, 1.050)  1.71
Slaughtse JC74, 2008, (USY —_— 1070(1.010, 1.140) Q.29
Sublotal (-2quared = 0.0%, p = 0201) i ¢ 1032(1.025, 1.020) (4737
. 1
Aduts i
Ten Y5, 2017, (Ching) :- 1.005 (1.005, 1.006) 1016
Hopka PKSO, 2010, [L1S4) he 10031034, 1.013) 1607
Ten Y55, 2097, [Ching) . 1005 (1004, 1.006), 1056
Glad JABZ, 2012, (USA) - 0903 (0.070,1.034) 154
Hopka PKSO, 2010, [LISA) * 1012(1.001, 1021)  7.72
Ten Y55, 2017, [Ching) . 9.001(1.000, 1.002} 1058
Subtotsl (-2quared = DIA%, p = 0.020) i 1006(1.002, 1.008) 8243

'
Overd! (l-squered = 875%, p = 0.000) ‘ 1010(1.007, 1.014) 10000
NOTE: Weldhis are from random ofisds ondlysis i

B 4 125

®)

Figure 2. Forest plot for selationships between air pollutants ((A) AQI, (B) PM2.5, (C) PM10, (D)
S02, (E) NO2, (F) CO»(G). 03) and asthma exacerbations with lag0 exposure in age subgroup
analyses.



0 FRpEN O ek
Cridwe
ESrPrprg—" = 1995 1008, 1221} s
Fax 542 351, Che 1094 P58, L] e
Savo Jazand = 1155 20919 <> 1015 11088, 1221] 1020
Crand Jezand = 00N so 0541 <> 1915 11005, 1221] 10200
NOTE: Waghen 1 e macom wheca aneyin

T T

” 1 "

(A)

Shaty %
0 RR (95% CI) Walght

Chidsn

Hakonzn J120, 2008, (Finland) —s 0509 (0.953,1048) 050

Juiglun B43, 2002, (Australia) 1017 (1.008,1027) 977
Evans KAS4, 2014, (US4) - 0967 (0450,1.750)  0.00
Gloason JASS, 2014, (LISA) 1012(1.000,1024)  7.07
Lavigne E4S, 2012, {Canada) - 0509 (0£97,1.121)  0.03
Lin M28, 2022, {Canada), Msla — 1000 (0948,1.043) 0.4
Lin M28, 2022, (Canada), Female - 0569 (0.948,1043) Q67

Shaughler JC74, 2078, (USR)
Subtolal (1equarsd = 0.0%, p= 0453

1.060(1.010,1,50) [ 0.28
1041007 9021) 1928

Adds

Tian ¥56, 2017, (Ching)

Tien Y56, 2017, (Ching)

Glad JAS2, 2012, (USA)

Tian Y56, 2017, (Ching)

Suttolal (lsquersd = 06.1%, p = 0.00G

o.-—-—-1:>-]--l.-l----~ ¥ 3 | —

1008 (1007, 1009), 2688
1005 (1.004)1.008) 2688
0e3(Dee2,1064) 070
1000 (0.9%6,1001) 2822
1005(1.001,1000) 5074

Cuoral (l-2quared = 87.7%, p =0.000) 1005(1008,1010) 10000

NOTE: Weights «ré from random effscts snalysis
T

>, | 4.11-_-.:

.75

B)

Figure 3. Forest plot.for relationships between air pollutants ((A) AQI, (B) PM2.5, (C) PM10, (D)
S02, (E) NO2, (F) CO, (G) O3) and asthma exacerbations with lagl exposure in age subgroup
analyses.



